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Project No.:  31737767         File:  Indx2.xls

Radford Army Ammunition Plant SWMU 54

LABORATORY TESTING DATA SUMMARY

BORING D2216 D4318  D422 D4972 D2974 D854 D2937 D5084 CALCULATED POROSITY REMARKS

WATER LIQUID PLASTIC PLAS. USCS SIEVE HYDRO. pH ORGANIC SOIL TOTAL DRY HYDRAULIC TOTAL AIR-FILLED WATER-FILLED

NO. CONTENT LIMIT LIMIT IND. SYMB. MINUS % MINUS Distilled 0.01 M CONTENT PARTICLE BULK BULK CONDUCTIVITY SOIL SOIL SOIL

 (1) NO. 200 2 µm Water CaCl (burnoff) DENSITY DENSITY DENSITY POROSITY POROSITY POROSITY

(%) (%) (%)  Solution (%) (-) (pcf) (pcf) (cm/sec) (-) (-) (-)
54 A-SM 21.2 21 19 2 SM 43.7 12 7.3 7.0 1.7 2.706 119.2* 98.3* 3.5E-7 0.42* 0.06* 0.36* P6642

54 B-CL  25.8 26 17 9 SC 41.9 22 6.2 5.9 3.5 2.708 124.0 98.6 1.7E-6 0.42 0.01 0.41 P6641
54 B-GM 11.5 np np np SP-SM 9.4 3 8.1 7.1 1.5 2.713 119.9* 107.6* 3.6E-3 0.36* 0.12* 0.24* P6644
54 B-ML  18.8 26 18 8 SC 49.9 15 5.6 5.0 1.5 2.722 125.3 105.5 3.7E-6 0.38 0.04 0.34 P6640
54 B-SM 23.7 26 23 3 SM 40.9 12 7.5 7.4 3.4 2.712 115.9* 93.7* 3.0E-5 0.45* 0.06* 0.39* P6643

54 B-SP 1 17.6 np np np SM 26.0 6 7.8 *(1) 1.4 2.746 106.5* 90.5* 8.6E-4 0.47* 0.14* 0.33* P6646

54 B-SP 2 13.3 np np np SM 19.3 5 *(1) *(1) 1.5 2.735 106.3* 93.8* 1.4E-3 0.45* 0.18* 0.27* P6645

Note:  (1)  Not enough sample to perform testing.
* Density and porosity after laboratory specimen compaction.

Prepared by:  RV         Reviewed by:  G. Thomas  Page 1 of 1



GRAVEL SAND Symbol

COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring 54 A- SM

U.S. Standard Sieve Size Sample

Spec

Depth

% +3"

% Gravel 0.4 #VALUE! #VALUE!

% SAND 55.9 #VALUE! #VALUE!

% FINES 43.7

% -2µ 12

Cc

Cu

LL 21

PL 19

PI 2

USCS SM

w (%) 22.3

Particle  
Size PERCENT FINER

(Sieve #)

4"

3"

1 1/2"

3/4"

3/8" 100.0

4 99.6

10 99.3

20 99.0

40 95.7

60 84.8

100 67.2

SYMBOL DESCRIPTION AND REMARKS 200 43.7

dark brown silty f. SAND, trace m. sand. PARTICLE SIZE DISTRIBUTION
Radford Army Ammunition Plant SWMU 54
Project No.   
31737767 May 2003 Figure 

URS Corporation
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GRAVEL SAND Symbol

COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring 54 B- CL 54 B-GM 54B-ML

U.S. Standard Sieve Size Sample

Spec

Depth

% +3"

% Gravel 39.2

% SAND 58.1 51.4 50.1

% FINES 41.9 9.4 49.9

% -2µ 22 3 15

Cc 0.7

Cu 48.5

LL 26 np 26

PL 17 np 18

PI 9 #VALUE! 8

USCS SC SP-SM SC

w (%) 17.9

Particle  
Size PERCENT FINER

(Sieve #)

4"

3"

1 1/2" 100.0

3/4" 81.1

3/8" 68.0

4 100.0 60.8

10 99.9 54.2 100.0

20 99.6 42.9 100.0

40 94.9 25.0 99.0

60 78.5 16.8 90.0

100 59.0 12.0 72.6

SYMBOL DESCRIPTION AND REMARKS 200 41.9 9.4 49.9

brown clayey f. sand, trace m. sand. PARTICLE SIZE DISTRIBUTION
Radford Army Ammunition Plant SWMU 54

brown gravelly c-f SAND, trace silt. Project No.   
31737767 May 2003 Figure 

brown silty clayey f. SAND, trace m. sand.

URS Corporation
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GRAVEL SAND Symbol

COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring 54 B- SM 54 B-SP 1 54 B-SP 2

U.S. Standard Sieve Size Sample

Spec

Depth

% +3"

% Gravel 2.2

% SAND 56.9 74.0 80.7

% FINES 40.9 26.0 19.3

% -2µ 12 6 5

Cc

Cu

LL 26 np np

PL 23 np np

PI 3 #VALUE! #VALUE!

USCS SM SM SM

w (%)

Particle  
Size PERCENT FINER

(Sieve #)

4"

3"

1 1/2"

3/4"

3/8" 100.0

4 97.8

10 97.0 100.0 100.0

20 96.2 99.9 99.9

40 90.5 99.0 98.7

60 81.5 83.3 81.0

100 64.3 50.2 43.2

SYMBOL DESCRIPTION AND REMARKS 200 40.9 26.0 19.3

dark brown silty c-f SAND, trace f. gravel. PARTICLE SIZE DISTRIBUTION
Radford Army Ammunition Plant SWMU 54

brown f. SAND, some silt. Project No.   
31737767 May 2003 Figure 

brown f. SAND, some silt.

URS Corporation

0

10

20

30

40

50

60

70

80

90

100

0.0010.010.1110100

PARTICLE SIZE -mm

P
E

R
C

E
N

T
 P

A
S

S
IN

G
 B

Y
 W

E
IG

H
T

#
4

#6
0

#4
0

#2
0

#1
0

 3
/8

"

 3
/4

"

 3
"

 1
 1

/2
"

 4
"

#1
00

#2
00

    siev1d.xls  05/28/2003  



Project No.:  31737767     File:  prmsum2.xls   

Radford Army Ammunition Plant SWMU 54

SUMMARY OF LABORATORY PERMEABILITY TESTS PERFORMED ON THIN-WALLED TUBE SAMPLES

BORING LIMITS WATER TOTAL DRY STRESSES DURING DURING COEFFICIENT REMARKS

NO. CONTENTS UNIT WGTS UNIT WGTS CONSOL. TEST OF PERM. K,

 LIQUID PLAS. INDEX INITIAL INITIAL INITIAL EFFECTIVE TIME PERMEANT @ 20o C

PLASTIC USCS PRE- PRE- PRE- BACK VOLUMETRIC INITIAL

SYMBOL TEST TEST TEST PRESSURE STRAIN GRADIENT

(%) (pcf) (pcf) (psi) (days, %) (cm/sec)

54 A-SM 21 2 21.2 119.2 98.3 5.0 over night tap water Reconstituted
19 SM 22.3 128.9 105.4 100.0 6.7 18 3.5E-7 P6642

54 B-CL 26 9 25.8 124.0 98.6 5.0 over night tap water
17 SC 27.3 123.8 97.3 100.0 -1.4 19 1.7E-6 P6641

54 B-GM NP NP 11.5 119.9 107.6 5.0 over night tap water Reconstituted
NP SP-SM 17.9 134.4 114.0 100.0 5.6 1 3.6E-3 P6644

54 B-ML 26 8 18.8 125.3 105.5 5.0 over night tap water
18 SC 22.5 129.1 105.4 100.0 -0.1 21 3.7E-6 P6640

54 B-SM 26 3 23.7 115.9 93.7 5.0 over night tap water Reconstituted
23 SM 29.6 121.7 93.9 100.0 0.2 13 3.0E-5 P6643

54 B-SP 1 NP NP 17.6 106.5 90.5 5.0 over night tap water Reconstituted
NP SM 31.2 121.1 92.3 100.0 1.9 2.2 8.6E-4 P6646

54 B-SP 2 NP NP 13.3 106.3 93.8 5.0 over night tap water Reconstituted
NP SM 28.4 123.4 96.1 100.0 2.4 1.8 1.4E-3 P6645

Note: Samples marked as reconstituted did not have sufficient form to test as received and were compacted in the laboratory with a "moderate" effort.

Prepared by:  RV     Reviewed by:  GET     Date:  05/28/2003  Page 1 of 1



PERMEABILITY TEST:  FALLING HEAD - CONSTANT VOLUME U-TUBE

ASTM D 5084 - 90

Project No.: 31737769 BORING: 54 A-SM Test No.: P6642

Project Name: RFAAP-SWMU 54 SAMPLE: DEPTH (ft):

Specimen - Apparatus set-up - Test Information Cell No. 6 Apparatus No. 4 Stage No.: 2

Preliminary Length/Area Calculations   1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

Lo = 3.992 in Lo= 10.139 cm x with stones or Stones with filter paper or top + bottom

dLc= 0.010 in Ao = 20.18 cm2   2) Specimen orientation for: x Vertical or Horizontal permeability determination

Lc= 3.982 in Vo = 204.58 cm3   3)  During saturation:  Water flushed up sides of specimen to remove ai x No Yes

Lc= 10.114 cm   4)  During consolidation: x Top and bottom drainage or Top Bottom only

dVc = 3 Vo * ( dLc/Lo) dVc= 1.54 cm3   5) Direction of permeant : x Up during or Down during permeation

Vc = 203.04 cm3   6)  Permeant: water used x Tap Distilled

Sc = 0.504 cm-1 Ac= 20.076 cm2 or Demineralized 0.005 N calcium sulfate (CaSO4) Permeability 

Equations Used Consol Temp. Date Time Initial U-tube Reading Preliminary

Kt = - 0.0000750  * Sc/dT(min) * ln (ho/hf) Stage-    σc Ub Head Tail Flow Final at 20ºC

RT = (-0.02452*(ave. temp in C) + 1.495) Trial (cm) (cm) in/out cm/sec

K @ 20 ºC =  RT * Kt TubeC= 1.3181 No. º C hr min sec psi psi (cc) (cc) gradient Dev. from Ave.

TEST SUMMARY initial 20.5 5/13/03 13 30 00 105.0 100.0 59.90 45.45 0.99 3.20E-07

Final Specimen and Test Conditions final 20.5 5/13/03 13 48 00 58.35 45.95  3.38E-07

Lc = 10.114 cm εaxial = 0.3% 1 RT = 0.992 dT = 18.00 min  σ'c = 0.7 ksf 0.116 0.117 io= 18.0 -4%

Ac = 18.874 cm2 initial 20.5 5/13/03 13 49 00 105.0 100.0 59.90 45.45 1.03 3.36E-07

Vc= 190.89 cm3 εvol = 6.7% final 20.5 5/13/03 14 11 00 57.95 46.05  3.55E-07

Sc = 0.536 cm-1 Sc = Lc / Ac , final 2 RT = 0.992 dT = 22.00 min  σ'c = 0.7 ksf 0.145 0.141 io= 18.0 1%

initial 20.5 5/13/03 14 12 00 105.0 100.0 59.90 45.45 1.00 3.29E-07

w γτ γd S final 20.5 5/13/03 14 26 00 58.64 45.85  3.48E-07

(%) (pcf) (pcf) (%) 3 RT = 0.992 dT = 14.00 min  σ'c = 0.7 ksf 0.094 0.094 io= 18.0 -1%

Initial 21.18 119.2 98.3 79.8 initial 20.5 5/13/03 14 28 00 105.0 100.0 59.90 45.95 1.01 3.48E-07

PreTest 22.28 128.9 105.4 100.0 final 20.5 5/13/03 14 48 00 58.12 46.51  3.67E-07

4 RT = 0.992 dT = 20.00 min  σ'c = 0.7 ksf 0.133 0.131 io= 17.3 4%

HYDRAULIC CONDUCTIVITY SUMMARY initial

Averages for trials: 1-4 final

ave K @ 20 ºC: 3.52E-07 cm/sec

(io)ave = 17.8 initial

final

Tested By: DT Reviewed By: G. Thomas        
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PERMEABILITY TEST:  FALLING HEAD - CONSTANT VOLUME U-TUBE

ASTM D 5084 - 90

Project No.: 31737767 BORING: 54 B-CL Test No.: P6641

Project Name: RFAAP-SWMU 54 SAMPLE: DEPTH (ft):

Specimen - Apparatus set-up - Test Information Cell No. 4 Apparatus No. 3 Stage No.: 2

Preliminary Length/Area Calculations   1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

Lo = 3.225 in Lo= 8.190 cm x with stones or Stones with filter paper or top + bottom

dLc= 0.016 in Ao = 12.18 cm2   2) Specimen orientation for: x Vertical or Horizontal permeability determination

Lc= 3.209 in Vo = 99.77 cm3   3)  During saturation:  Water flushed up sides of specimen to remove ai x No Yes

Lc= 8.150 cm   4)  During consolidation: x Top and bottom drainage or Top Bottom only

dVc = 3 Vo * ( dLc/Lo) dVc= 1.49 cm3   5) Direction of permeant : x Up during or Down during permeation

Vc = 98.29 cm3   6)  Permeant: water used x Tap Distilled

Sc = 0.676 cm-1 Ac= 12.060 cm2 or Demineralized 0.005 N calcium sulfate (CaSO4) Permeability 

Equations Used Consol Temp. Date Time Initial U-tube Reading Preliminary

Kt = - 0.0000756  * Sc/dT(min) * ln (ho/hf) Stage-    σc Ub Head Tail Flow Final at 20ºC

RT = (-0.02452*(ave. temp in C) + 1.495) Trial (cm) (cm) in/out cm/sec

K @ 20 ºC =  RT * Kt TubeC= 1.316 No. º C hr min sec psi psi (cc) (cc) gradient Dev. from Ave.

TEST SUMMARY initial 20.4 5/13/03 11 18 00 105.0 100.0 60.90 48.75 1.00 1.81E-06

Final Specimen and Test Conditions final 20.4 5/13/03 11 27 00 58.38 49.55  1.75E-06

Lc = 8.150 cm εaxial = 0.5% 1 RT = 0.995 dT = 9.00 min  σ'c = 0.7 ksf 0.189 0.190 io= 18.7 4%

Ac = 12.412 cm2 initial 20.4 5/13/03 11 28 00 105.0 100.0 60.90 48.75 0.99 1.73E-06

Vc= 101.16 cm3 εvol = -1.4% final 20.4 5/13/03 11 39 00 58.03 49.67  1.67E-06

Sc = 0.657 cm-1 Sc = Lc / Ac , final 2 RT = 0.995 dT = 11.00 min  σ'c = 0.7 ksf 0.215 0.218 io= 18.7 0%

initial 20.4 5/13/03 11 40 00 105.0 100.0 60.90 48.75 1.00 1.69E-06

w γτ γd S final 20.4 5/13/03 11 50 00 58.30 49.57  1.63E-06

(%) (pcf) (pcf) (%) 3 RT = 0.995 dT = 10.00 min  σ'c = 0.7 ksf 0.195 0.195 io= 18.7 -3%

Initial 25.75 124.0 98.6 97.6 initial 20.4 5/13/03 11 51 00 105.0 100.0 60.90 48.75 1.01 1.71E-06

PreTest 27.25 123.8 97.3 100.0 final 20.4 5/13/03 12 00 00 58.50 49.50  1.65E-06

4 RT = 0.995 dT = 9.00 min  σ'c = 0.7 ksf 0.180 0.178 io= 18.7 -1%

HYDRAULIC CONDUCTIVITY SUMMARY initial

Averages for trials: 1-4 final

ave K @ 20 ºC: 1.68E-06 cm/sec

(io)ave = 18.7 initial

final

Tested By: DT Reviewed By: G. Thomas        
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CONSTANT HEAD HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 - 90

Project No. 31737767 BORING: 54 B-GM

Project Name: SAMPLE: DEPTH (ft): Test No.: P6644
Specimen - Apparatus set-up - Test Information Apparatus No. C-2 Cell No. 3 Stage 2
  1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

with stones or Stones with filter paper or top + bottom
  2) Specimen orientation for: x Vertical or Horizontal permeability determination
  3)  During saturation:  Water flushed up sides of specimen to remove air: x No Yes
  4)  During consolidation: x Top and bottom drainage or Top Bottom only
  5) Direction of permeant : x Up during or Down during permeation
  6)  Permeant: water used x Tap Distilled

Demineralized 0.005 N calcium sulfate (CaSO4) 
Consol Temp. Date Time Initial Dial Pressure Head Flow Flow Fluid Head Total Head Gradient Permeability 

Stage-    σc Ub Indicator Reading Reading Vol (cm3) Reading Uncorrected Preliminary

Trial Mercury Gage  Rate Head Tail Correction Final at 20ºC
No. º C hr min sec psi psi in (inch) (psi) (cm) (cm3/sec) (cm) (cm) Corrected (cm) cm/sec
initial 20.5 5/13/03 00 00 00 105.0 100.0 0.407 4.20 97.196 67.90 41.35 26.55
final 20.5 5/13/03 00 21 31 8.90 0.0753 67.90 41.35 16.20 3.69E-03
1 RT = 0.987 dT = 21.52 min  σ'c = 0.7 ksf 67.9 41.35 10.35 1.02 3.84E-03

initial 20.5 5/13/03 00 00 00 105.0 100.0 0.407 3.30 93.06 67.90 41.35 26.55
final 20.5 5/13/03 00 21 32 7.80 0.0720 67.90 41.35 15.49 3.31E-03
2 RT = 0.987 dT = 21.53 min  σ'c = 0.7 ksf 67.9 41.35 11.06 1.09 3.44E-03

initial 20.5 5/13/03 00 00 00 105.0 100.0 0.407 4.20 78.584 67.90 41.35 26.55
final 20.5 5/13/03 00 17 49 8.00 0.0735 67.90 41.35 15.81 3.48E-03
3 RT = 0.987 dT = 17.82 min  σ'c = 0.7 ksf 67.9 41.35 10.74 1.06 3.61E-03

initial 20.5 5/13/03 00 00 00 105.0 100.0 0.407 3.50 86.856 67.90 41.35 26.55
final 20.5 5/13/03 00 20 00 7.70 0.0724 67.90 41.35 15.57 3.35E-03
4 RT = 0.987 dT = 20.00 min  σ'c = 0.7 ksf 67.9 41.35 10.98 1.08 3.48E-03

Preliminary Length/Area Calculations TEST SUMMARY
Lo = 3.994 in Lo= 10.145 cm Final Specimen and Test Conditions HYDRAULIC CONDUCTIVITY SUMMARY

Ao= 3.103 in2
Ao = 20.02 cm2

Lc = 10.127 cm εaxial = 0.2% Averages for trials: 1-4

Vo= 12.393 in3 Vo = 203.09 cm3 Ac = 18.928 cm2 ave K @ 20 ºC: 3.59E-03 cm/sec

Vc= 191.69 cm3 εvol = 5.6% (io)ave = 1.08

Lc = 10.127 cm Vc = 202.02 cm3
w γτ γd S

Ac= 19.949 cm2
m= 215.11 (%) (pcf) (pcf) (%)

Initial 11.48 119.9 107.6 54.3
Tested By: DT Reviewed By: G. Thomas    PreTest 17.91 134.4 114.0 100.0 HYDRAULIC CONDUCTIVITY TEST
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PERMEABILITY TEST:  FALLING HEAD - CONSTANT VOLUME U-TUBE

ASTM D 5084 - 90

Project No.: 31737767 BORING: 54 B ML Test No.: P6640

Project Name: RFAAP-SWMU 54 SAMPLE: DEPTH (ft):

Specimen - Apparatus set-up - Test Information Cell No. 5 Apparatus No. 2 Stage No.: 2

Preliminary Length/Area Calculations   1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

Lo = 2.823 in Lo= 7.169 cm x with stones or Stones with filter paper or top + bottom

dLc= 0.020 in Ao = 12.22 cm2   2) Specimen orientation for: x Vertical or Horizontal permeability determination

Lc= 2.803 in Vo = 87.59 cm3   3)  During saturation:  Water flushed up sides of specimen to remove ai x No Yes

Lc= 7.119 cm   4)  During consolidation: x Top and bottom drainage or Top Bottom only

dVc = 3 Vo * ( dLc/Lo) dVc= 1.86 cm3   5) Direction of permeant : x Up during or Down during permeation

Vc = 85.73 cm3   6)  Permeant: water used x Tap Distilled

Sc = 0.591 cm-1 Ac= 12.043 cm2 or Demineralized 0.005 N calcium sulfate (CaSO4) Permeability 

Equations Used Consol Temp. Date Time Initial U-tube Reading Preliminary

Kt = - 0.0000752  * Sc/dT(min) * ln (ho/hf) Stage-    σc Ub Head Tail Flow Final at 20ºC

RT = (-0.02452*(ave. temp in C) + 1.495) Trial (cm) (cm) in/out cm/sec

K @ 20 ºC =  RT * Kt TubeC= 1.322 No. º C hr min sec psi psi (cc) (cc) gradient Dev. from Ave.

TEST SUMMARY initial 20.4 5/13/03 11 19 00 105.0 100.0 58.00 46.22 0.98 3.83E-06

Final Specimen and Test Conditions final 20.4 5/13/03 11 25 00 54.40 47.40  3.73E-06

Lc = 7.119 cm εaxial = 0.7% 1 RT = 0.995 dT = 6.00 min  σ'c = 0.7 ksf 0.270 0.275 io= 20.8 0%

Ac = 12.313 cm2 initial 20.4 5/13/03 11 27 00 105.0 100.0 58.00 46.22 0.99 3.82E-06

Vc= 87.65 cm3 εvol = -0.1% final 20.4 5/13/03 11 34 00 53.97 47.53  3.72E-06

Sc = 0.578 cm-1 Sc = Lc / Ac , final 2 RT = 0.995 dT = 7.00 min  σ'c = 0.7 ksf 0.302 0.305 io= 20.8 0%

initial 20.4 5/13/03 11 35 00 105.0 100.0 58.00 46.22 1.01 3.84E-06

w γτ γd S final 20.4 5/13/03 11 41 30 54.17 47.44  3.74E-06

(%) (pcf) (pcf) (%) 3 RT = 0.995 dT = 6.50 min  σ'c = 0.7 ksf 0.287 0.284 io= 20.8 1%

Initial 18.82 125.3 105.5 83.8 initial 20.4 5/13/03 11 42 00 105.0 100.0 58.00 46.22 0.98 3.78E-06

PreTest 22.50 129.1 105.4 100.0 final 20.4 5/13/03 11 50 00 53.60 47.67  3.68E-06

4 RT = 0.995 dT = 8.00 min  σ'c = 0.7 ksf 0.330 0.338 io= 20.8 -1%

HYDRAULIC CONDUCTIVITY SUMMARY initial

Averages for trials: 1-4 final

ave K @ 20 ºC: 3.72E-06 cm/sec

(io)ave = 20.8 initial

final

Tested By: DT Reviewed By: G. Thomas        
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PERMEABILITY TEST:  FALLING HEAD - CONSTANT VOLUME U-TUBE

ASTM D 5084 - 90

Project No.: 31737767 BORING: 54 B-SM Test No.: P6643

Project Name: RFAAP-SWMU 54 SAMPLE: DEPTH (ft):

Specimen - Apparatus set-up - Test Information Cell No. 1 Apparatus No. 2 Stage No.: 2

Preliminary Length/Area Calculations   1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

Lo = 4.000 in Lo= 10.159 cm x with stones or Stones with filter paper or top + bottom

dLc= 0.015 in Ao = 19.86 cm2   2) Specimen orientation for: x Vertical or Horizontal permeability determination

Lc= 3.985 in Vo = 201.81 cm3   3)  During saturation:  Water flushed up sides of specimen to remove ai x No Yes

Lc= 10.121 cm   4)  During consolidation: x Top and bottom drainage or Top Bottom only

dVc = 3 Vo * ( dLc/Lo) dVc= 2.27 cm3   5) Direction of permeant : x Up during or Down during permeation

Vc = 199.54 cm3   6)  Permeant: water used x Tap Distilled

Sc = 0.513 cm-1 Ac= 19.715 cm2 or Demineralized 0.005 N calcium sulfate (CaSO4) Permeability 

Equations Used Consol Temp. Date Time Initial U-tube Reading Preliminary

Kt = - 0.0000752  * Sc/dT(min) * ln (ho/hf) Stage-    σc Ub Head Tail Flow Final at 20ºC

RT = (-0.02452*(ave. temp in C) + 1.495) Trial (cm) (cm) in/out cm/sec

K @ 20 ºC =  RT * Kt TubeC= 1.322 No. º C hr min sec psi psi (cc) (cc) gradient Dev. from Ave.

TEST SUMMARY initial 20.6 5/14/03 00 00 00 105.0 100.0 57.00 46.55 1.00 2.99E-05

Final Specimen and Test Conditions final 20.6 5/14/03 00 00 37 54.00 47.52  2.93E-05

Lc = 10.121 cm εaxial = 0.4% 1 RT = 0.990 dT = 0.62 min  σ'c = 0.7 ksf 0.225 0.226 io= 13.0 -1%

Ac = 19.899 cm2 initial 20.6 5/14/03 00 00 00 105.0 100.0 57.00 46.55 0.99 3.03E-05

Vc= 201.39 cm3 εvol = 0.2% final 20.6 5/14/03 00 00 54 53.00 47.85  2.97E-05

Sc = 0.509 cm-1 Sc = Lc / Ac , final 2 RT = 0.990 dT = 0.90 min  σ'c = 0.7 ksf 0.300 0.303 io= 13.0 0%

initial 20.6 5/14/03 00 00 00 105.0 100.0 57.00 46.55 0.99 3.03E-05

w γτ γd S final 20.6 5/14/03 00 00 54 53.00 47.85  2.97E-05

(%) (pcf) (pcf) (%) 3 RT = 0.990 dT = 0.90 min  σ'c = 0.7 ksf 0.300 0.303 io= 13.0 0%

Initial 23.74 115.9 93.7 79.8 initial 20.6 5/14/03 00 00 00 105.0 100.0 57.00 46.55 0.99 3.03E-05

PreTest 29.62 121.7 93.9 100.0 final 20.6 5/14/03 00 00 54 53.00 47.85  2.97E-05

4 RT = 0.990 dT = 0.90 min  σ'c = 0.7 ksf 0.300 0.303 io= 13.0 0%

HYDRAULIC CONDUCTIVITY SUMMARY initial

Averages for trials: 1-4 final

ave K @ 20 ºC: 2.96E-05 cm/sec

(io)ave = 13.0 initial

final

Tested By: DT Reviewed By: G. Thomas        
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CONSTANT HEAD HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 - 90

Project No. 31737767 BORING: 54 B-SP 1

Project Name: RFAAP-SWMU 54 SAMPLE: DEPTH (ft): Test No.: P6646
Specimen - Apparatus set-up - Test Information Apparatus No. C-2 Cell No. 5 Stage 2
  1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

with stones or Stones with filter paper or top + bottom
  2) Specimen orientation for: x Vertical or Horizontal permeability determination
  3)  During saturation:  Water flushed up sides of specimen to remove air: x No Yes
  4)  During consolidation: x Top and bottom drainage or Top Bottom only
  5) Direction of permeant : x Up during or Down during permeation
  6)  Permeant: water used x Tap Distilled

Demineralized 0.005 N calcium sulfate (CaSO4) 
Consol Temp. Date Time Initial Dial Pressure Head Flow Flow Fluid Head Total Head Gradient Permeability 

Stage-    σc Ub Indicator Reading Reading Vol (cm3) Reading Uncorrected Preliminary

Trial Mercury Gage  Rate Head Tail Correction Final at 20ºC
No. º C hr min sec psi psi in (inch) (psi) (cm) (cm3/sec) (cm) (cm) Corrected (cm) cm/sec
initial 20.7 5/14/03 00 00 00 105.0 100.0 0.218 3.75 48.598 68.00 37.20 30.80
final 20.7 5/14/03 00 20 30 6.10 0.0395 68.00 37.20 8.50 9.10E-04
1 RT = 0.982 dT = 20.50 min  σ'c = 0.7 ksf 68 37.2 22.30 2.21 8.99E-04

initial 20.7 5/14/03 00 00 00 105.0 100.0 0.218 4.50 45.496 68.00 37.20 30.80
final 20.7 5/14/03 00 19 17 6.70 0.0393 68.00 37.20 8.46 9.04E-04
2 RT = 0.982 dT = 19.28 min  σ'c = 0.7 ksf 68 37.2 22.34 2.21 8.93E-04

initial 20.7 5/14/03 00 00 00 105.0 100.0 0.218 3.30 70.312 68.00 37.20 30.80
final 20.7 5/14/03 00 31 30 6.70 0.0372 68.00 37.20 8.00 8.38E-04
3 RT = 0.982 dT = 31.50 min  σ'c = 0.7 ksf 68 37.2 22.80 2.26 8.28E-04

initial 20.7 5/14/03 00 00 00 105.0 100.0 0.218 4.30 57.904 68.00 37.20 30.80
final 20.7 5/14/03 00 26 00 7.10 0.0371 68.00 37.20 7.98 8.36E-04
4 RT = 0.982 dT = 26.00 min  σ'c = 0.7 ksf 68 37.2 22.82 2.26 8.25E-04

Preliminary Length/Area Calculations TEST SUMMARY
Lo = 3.995 in Lo= 10.147 cm Final Specimen and Test Conditions HYDRAULIC CONDUCTIVITY SUMMARY

Ao= 3.076 in2
Ao = 19.85 cm2

Lc = 10.102 cm εaxial = 0.5% Averages for trials: 1-4

Vo= 12.291 in3 Vo = 201.41 cm3 Ac = 19.556 cm2 ave K @ 20 ºC: 8.61E-04 cm/sec

Vc= 197.55 cm3 εvol = 1.9% (io)ave = 2.23

Lc = 10.102 cm Vc = 198.68 cm3
w γτ γd S

Ac= 19.669 cm2
m= 215.11 (%) (pcf) (pcf) (%)

Initial 17.64 106.5 90.5 54.2
Tested By: DT Reviewed By: G. Thomas    PreTest 31.22 121.1 92.3 100.0 HYDRAULIC CONDUCTIVITY TEST
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CONSTANT HEAD HYDRAULIC CONDUCTIVITY TEST
ASTM D 5084 - 90

Project No. 31737767 BORING: 54 B-SP 2

Project Name: RFAAP-SWMU 54 SAMPLE: DEPTH (ft): Test No.: P6645
Specimen - Apparatus set-up - Test Information Apparatus No. C-2 Cell No. 4 Stage 2
  1)  Specimen Tested in : x Triaxial Cell or Compaction Mold or

with stones or Stones with filter paper or top + bottom
  2) Specimen orientation for: x Vertical or Horizontal permeability determination
  3)  During saturation:  Water flushed up sides of specimen to remove air: x No Yes
  4)  During consolidation: x Top and bottom drainage or Top Bottom only
  5) Direction of permeant : x Up during or Down during permeation
  6)  Permeant: water used x Tap Distilled

Demineralized 0.005 N calcium sulfate (CaSO4) 
Consol Temp. Date Time Initial Dial Pressure Head Flow Flow Fluid Head Total Head Gradient Permeability 

Stage-    σc Ub Indicator Reading Reading Vol (cm3) Reading Uncorrected Preliminary

Trial Mercury Gage  Rate Head Tail Correction Final at 20ºC
No. º C hr min sec psi psi in (inch) (psi) (cm) (cm3/sec) (cm) (cm) Corrected (cm) cm/sec
initial 20.7 5/14/03 00 00 00 105.0 100.0 0.414 3.80 64.108 68.00 38.40 29.60
final 20.7 5/14/03 00 20 45 6.90 0.0515 68.00 38.40 11.08 1.42E-03
1 RT = 0.982 dT = 20.75 min  σ'c = 0.7 ksf 68 38.4 18.52 1.83 1.42E-03

initial 20.7 5/14/03 00 00 00 105.0 100.0 0.414 4.60 47.564 68.00 38.40 29.60
final 20.7 5/14/03 00 15 30 6.90 0.0511 68.00 38.40 11.00 1.41E-03
2 RT = 0.982 dT = 15.50 min  σ'c = 0.7 ksf 68 38.4 18.60 1.84 1.40E-03

initial 20.7 5/14/03 00 00 00 105.0 100.0 0.414 3.50 66.176 68.00 38.40 29.60
final 20.7 5/14/03 00 21 28 6.70 0.0514 68.00 38.40 11.05 1.42E-03
3 RT = 0.982 dT = 21.47 min  σ'c = 0.7 ksf 68 38.4 18.55 1.83 1.41E-03

initial 20.7 5/14/03 00 00 00 105.0 100.0 0.414 4.30 70.312 68.00 38.40 29.60
final 20.7 5/14/03 00 22 42 7.70 0.0516 68.00 38.40 11.10 1.43E-03
4 RT = 0.982 dT = 22.70 min  σ'c = 0.7 ksf 68 38.4 18.50 1.83 1.42E-03

Preliminary Length/Area Calculations TEST SUMMARY
Lo = 4.001 in Lo= 10.162 cm Final Specimen and Test Conditions HYDRAULIC CONDUCTIVITY SUMMARY

Ao= 3.088 in2
Ao = 19.92 cm2

Lc = 10.126 cm εaxial = 0.3% Averages for trials: 1-4

Vo= 12.353 in3 Vo = 202.44 cm3 Ac = 19.522 cm2 ave K @ 20 ºC: 1.41E-03 cm/sec

Vc= 197.68 cm3 εvol = 2.4% (io)ave = 1.83

Lc = 10.126 cm Vc = 200.31 cm3
w γτ γd S

Ac= 19.782 cm2
m= 215.11 (%) (pcf) (pcf) (%)

Initial 13.29 106.3 93.8 44.3
Tested By: DT Reviewed By: G. Thomas    PreTest 28.43 123.4 96.1 100.0 HYDRAULIC CONDUCTIVITY TEST
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Project No.:  11656351.30015         File:  Indx1.xls

SWMU 54

LABORATORY TESTING DATA SUMMARY

BORING SAMPLE DEPTH IDENTIFICATION TESTS REMARKS
WATER USCS SIEVE HYDROMETER ORGANIC pH

NO. NO. CONTENT SYMB. MINUS % MINUS CONTENT Distilled 0.01 M
 (1) NO. 200 2 µm (burnoff) Water CaCl

(ft) (%) (%) (%) (%)  Solution
NR-SED-1 63.7 SM 33.8 7 4.7 7.1 6.1
NR-SED-2 42.3 SP-SM 10.9 3 2.6 7.1 6.3
NR-SED-3 51.6 SM 25.0 4 3.8 6.8 6.1
NR-SED-4 173.0 CH 97.3 18 13.8 6.9 6.0
NR-SED-5 96.5 MH 64.7 4 12.1 7.3 6.4
NR-SED-6 107.0 CH 51.9 11 8.1 7.1 6.3
NR-SED-7 95.7 CH 59.0 10 9.3 7.1 6.5
NR-SED-8 48.6 SP-SM 9.8 2 12.6 7.2 6.3
NR-SED-9 54.2 SM 22.8 5 3.6 6.9 6.3
NR-SED-10 48.5 CL 51.6 13 4.7 6.9 6.1
NR-SED-11 49.6 SM 32.6 6 4.5 6.4 5.6
NR-SED-12 61.0 SM 24.4 4 4.6 6.4 5.5
NR-SED-13 65.5 SM 15.3 4 3.8 5.8 5.5
NR-SED-14 41.8 SM 14.4 4 3.3 6.8 5.8
NR-SED-15 49.7 SC 34.4 6 4.3 6.4 5.5
NR-SED-16 58.6 CH 69.1 21 8.7 6.6 6.0
NR-SED-17 59.9 SC 24.2 5 5.4 7.0 6.2
NR-SED-18 40.2 SM 22.2 4 3.0 6.5 5.6
NR-SED-19 42.1 SP-SM 8.3 2 2.1 6.2 5.5
NR-SED-20 43.5 SP-SM 9.0 2 1.6 6.7 6.0
NR-SED-21 54.2 CH 51.4 16 7.3 7.1 6.5
NR-SED-22 65.2 SC 40.3 7 6.6 6.2 5.7
NR-SED-23 48.4 SC 50.0 12 5.6 6.6 5.9

Note:  (1)  USCS symbol based on visual observation and Sieve reported.

Prepared by:  RV         Reviewed by:  CMJ        Date:  1/4/2007  Page 1 of 1



GRAVEL SAND Symbol
COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring NR- NR- NR- NR-

U.S. Standard Sieve Size Sample SED-1 SED-2 SED-3 SED-4
Spec
Depth
% +3"

% Gravel 0.3 0.4
% SAND 65.9 89.1 74.6 2.7
% FINES 33.8 10.9 25.0 97.3

% -2µ 7 3 4 18
Cc 1.6
Cu 3.3
LL
PL
PI

USCS SM SP-SM SM CH
w (%)

Particle  
Size PERCENT FINER

(Sieve #)
4"
3"

1 1/2"
3/4"
3/8" 100.0 100.0

4 99.7 100.0 99.6
10 99.3 99.8 99.5 100.0
20 99.0 99.7 99.5 99.9
40 97.0 98.4 98.2 99.8
60 81.4 74.8 83.8 99.6

100 53.4 28.9 46.5 99.2
SYMBOL DESCRIPTION AND REMARKS 200 33.8 10.9 25.0 97.3

brown silty f. SAND, trace m. sand. PARTICLE SIZE DISTRIBUTION
brown f. SAND, trace m. sand, silt. SWMU 54

Project No.  
brown f. SAND, some silt, trace m. sand. 11656351 January 2007 Figure 
brown CLAY, trace f. sand.

URS Corporation
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GRAVEL SAND Symbol
COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring NR- NR- NR- NR-

U.S. Standard Sieve Size Sample SED-5 SED-6 SED-7 SED-8
Spec
Depth
% +3"

% Gravel 3.1 8.1
% SAND 35.3 45.0 41.0 82.1
% FINES 64.7 51.9 59.0 9.8

% -2µ 4 11 10 2
Cc 1.5
Cu 3.2
LL
PL
PI

USCS MH CH CH SP-SM
w (%)

Particle  
Size PERCENT FINER

(Sieve #)
4"
3"

1 1/2"
3/4" 100.0 100.0
3/8" 97.0 94.1

4 96.9 100.0 91.9
10 100.0 96.7 99.9 87.9
20 99.9 96.6 99.8 86.0
40 99.5 96.1 99.1 80.0
60 96.5 89.3 97.0 63.4

100 86.1 70.9 84.6 22.8
SYMBOL DESCRIPTION AND REMARKS 200 64.7 51.9 59.0 9.8

brown f. sandy clayey SILT. PARTICLE SIZE DISTRIBUTION
brown c-f sandy silty CLAY, trace f. gravel. SWMU 54

Project No.  
brown f. sandy silty CLAY. 11656351 January 2007 Figure 
brown c-f SAND, trace f. gravel, silt.

URS Corporation
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GRAVEL SAND Symbol
COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring NR- NR- NR- NR-

U.S. Standard Sieve Size Sample SED-9 SED-10 SED-11 SED-12
Spec
Depth
% +3"

% Gravel 8.0 4.8 0.0 0.3
% SAND 69.2 43.6 67.4 75.3
% FINES 22.8 51.6 32.6 24.4

% -2µ 5 13 6 4
Cc
Cu
LL
PL
PI

USCS SM CL SM SM
w (%)

Particle  
Size PERCENT FINER

(Sieve #)
4"
3"

1 1/2" 100.0
3/4" 93.0 100.0
3/8" 93.0 95.2 100.0

4 92.0 95.2 100.0 99.7
10 91.6 95.2 99.9 99.3
20 91.4 95.2 99.9 99.1
40 89.2 93.7 98.7 95.7
60 74.9 85.5 93.5 81.2

100 44.7 66.7 67.6 49.6
SYMBOL DESCRIPTION AND REMARKS 200 22.8 51.6 32.6 24.4

brown m-f SAND, some silt, trace gravel, c. sand. PARTICLE SIZE DISTRIBUTION
brown f. sandy silty CLAY, trace f. gravel, m. sand. SWMU 54

Project No.  
brown silty f. SAND, trace m. sand. 11656351 January 2007 Figure 
brown f. SAND, some silt, trace m. sand.

URS Corporation
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GRAVEL SAND Symbol
COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring NR- NR- NR- NR-

U.S. Standard Sieve Size Sample SED-13 SED-14 SED-15 SED-16
Spec
Depth
% +3"

% Gravel 1.9 0.0 0.3
% SAND 82.8 85.6 65.3 30.9
% FINES 15.3 14.4 34.4 69.1

% -2µ 4 4 6 21
Cc
Cu
LL
PL
PI

USCS SM SM SC CH
w (%)

Particle  
Size PERCENT FINER

(Sieve #)
4"
3"

1 1/2"
3/4" 100.0
3/8" 98.8 100.0

4 98.1 100.0 99.7
10 97.6 99.5 99.6 100.0
20 95.6 99.2 99.5 100.0
40 86.0 95.7 98.7 99.5
60 66.2 71.3 94.4 95.8

100 31.6 29.2 73.1 81.5
SYMBOL DESCRIPTION AND REMARKS 200 15.3 14.4 34.4 69.1

brown m-f SAND, some silt, trace f. gravel. PARTICLE SIZE DISTRIBUTION
brown f. SAND, some silt, trace m. sand. SWMU 54

Project No.  
brown silty clayey f. SAND, trace m. sand. 11656351 January 2007 Figure 
brown f. sandy silty CLAY.

URS Corporation
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GRAVEL SAND Symbol
COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring NR- NR- NR- NR-

U.S. Standard Sieve Size Sample SED-17 SED-18 SED-19 SED-20
Spec
Depth
% +3"

% Gravel 0.1 0.1 0.9
% SAND 75.8 77.7 91.6 90.1
% FINES 24.2 22.2 8.3 9.0

% -2µ 5 4 2 2
Cc 1.4 1.4
Cu 3.1 3.0
LL
PL
PI

USCS SC SM SP-SM SP-SM
w (%)

Particle  
Size PERCENT FINER

(Sieve #)
4"
3"

1 1/2"
3/4"
3/8" 100.0 100.0 100.0

4 100.0 99.9 99.9 99.1
10 99.9 99.7 99.9 99.1
20 99.3 99.4 99.7 99.8
40 95.6 97.7 95.5 94.7
60 83.6 87.9 55.0 64.6

100 49.6 61.1 19.3 23.3
SYMBOL DESCRIPTION AND REMARKS 200 24.2 22.2 8.3 9.0

brown f. SAND, some silty clay, trace m. sand. PARTICLE SIZE DISTRIBUTION
brown f. SAND, some silt, trace m. sand. SWMU 54

Project No.  
brown f. SAND, trace m. sand, silt. 11656351 January 2007 Figure 
brown f. SAND, trace m. sand, silt.
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GRAVEL SAND Symbol
COBBLES COARSE        FINE COARSE    MEDIUM          FINE SILT OR CLAY Boring NR- NR- NR-

U.S. Standard Sieve Size Sample SED-21 SED-22 SED-23
Spec
Depth
% +3"

% Gravel 10.9 7.6 #VALUE!
% SAND 37.7 59.7 42.4 #VALUE!
% FINES 51.4 40.3 50.0

% -2µ 16 7 12
Cc
Cu
LL
PL
PI

USCS CH SC SC
w (%) 54.2

Particle  
Size PERCENT FINER

(Sieve #)
4"
3"

1 1/2"
3/4" 100.0 100.0
3/8" 95.5 93.4

4 89.1 100.0 92.4
10 81.8 99.9 92.1
20 75.4 99.7 92.0
40 70.2 94.7 91.7
60 67.5 71.4 89.6

100 59.0 57.4 73.0
SYMBOL DESCRIPTION AND REMARKS 200 51.4 40.3 50.0

brown c-f sandy CLAY, trace f. gravel. PARTICLE SIZE DISTRIBUTION
brown silty clayey f. SAND, trace m. sand. SWMU 54

Project No.  
brown silty clayey f. SAND, trace f. gravel; shells noted. 11656351 January 2007 Figure 
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APPENDIX C.2 
 

PREVIOUS INVESTIGATION BORING LOGS
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APPENDIX C.3 
 

RCRA FACILITY INVESTIGATION 
BORING LOGS
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Sample 54SB17A
collected from 0-1 ft
bgs.

Sample 54SB17B
collected from 9-10 ft
bgs.

7.5YR 3/4, dark brown, fine SAND, poorly graded, moist, trace silt, loose,
micaceous, homogeneous

Grading to 7.5YR 5/4, brown

4.0-7.0 ft bgs; 7.5YR 4/4, brown, SILTY fine SAND, moist, micaceous, loose

7.5YR 4/4, brown, CLAYEY SAND, moist, homogeneous

Borehole Terminated at 10.0 ft bgs

1
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3

ND

ND

ND

SM

SC

3.4

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.35

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler
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Project: RFAAP SWMU 54

Project Number:  21355035
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Sample 54SB18A
collected from 0-1 ft
bgs.

Sample 54SB18B
collected from 9-10 ft
bgs.

7.5YR 4/4, brown, SILTY fine SAND, moist, micaceous, loose, homogeneous

5.5-7.0 ft bgs; 7.5YR 4/6, strong brown, fine, SILTY SAND, some clay,
micaceous, some clay

7.5YR 4/6, strong brown, CLAYEY fine SAND, wet

Borehole Terminated at 10.0 feet bgs.

1

2

3

ND

ND

ND

SM

SC

2.9

2.9

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1698.98

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler

Drilling
Method
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Sample 54SB19A
collected from 0-1 ft
bgs.

Sample 54SB19B
collected from 9-10 ft
bgs.

7.5YR 4/4, brown, SILTY fine SAND, moist, micaceous, trace clay, loose,
homogeneous

5.0-8.0 ft bgs; 7.5YR 4/4, brown, SANDY fine SILT,  trace clay, moist, soft, slight
elasticity

8.0-10.0 ft bgs; 7.5YR 4/4, brown, SILTY fine SAND, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

3.7

3.2

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.15

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler

Drilling
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Sample 54SB20A
collected from 0-1 ft
bgs.

Sample 54SB20B
collected from 9-10 ft
bgs.

7.5YR 3/4, dark brown, SILTY fine SAND, moist, homogenous, trace clay

6.5-10.0 ft bgs; 7.5YR 4/6, strong brown, SILTY very fine SAND, trace clay,
moist

Increasing clay, slight plasticity

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

3.5

3.2

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1698.88

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler

Drilling
Method
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Samples 54SB21A
collected from 0-1 ft
bgs.

Samples 54SB21B
and Duplicate
collected from 9-10 ft
bgs.

7.5YR 4/3, brown, CLAYEY SILT, trace sand, moist, soft, slight plasticity

2.0-4.0 ft bgs; 7.5YR 4/6, strong brown, fine SANDY SILT, trace clay, trace
gravel, moist, highly micaceous

Interbedded layers of 7.5YR 3/4, dark brown, fine SANDY SILT, soft, and 7.5YR
4/6, strong brown, SILTY fine SAND, loose, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.6

3.4

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.04

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB22A
sample collected
from 0-1 ft bgs.

Sample 54SB22B
sample collected
from 9-10 ft bgs.

7.5YR 3/3, dark brown, very fine SANDY SILT, moist, soft, micaceous

Grading to 7.5YR 4/4, brown, increasing fine sand, moist

Increasing elasticity

Occasional clayey silt lenses

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

4.0

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.98

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler

Drilling
Method
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Sample 54SB23A
collected at 0-1 ft
bgs.

Samples 54SB23B
and MS/MSD
collected at 9-10 ft
bgs.

7.5YR3/4, dark brown, CLAYEY SILT, trace fine sand, moist, stiff, micaceous

7.5YR4/6, strong brown, SILTY fine SAND, moist, hard, micaceous,
homogeneous

4.0-10.0 ft bgs; Some gravel

Grading to less gravels

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.4

3.6

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1699.31

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler

Drilling
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Sample 54SB24A
collected at 0-1 ft
bgs.

Sample 54SB24B
collected at 9-10 ft
bgs.

7.5YR4/6, strong brown, SANDY CLAY, moist, plastic, micaceous
0.2-0.3 ft bgs; Fine pea gravel and fill layer
7.5YR4/6, strong brown, SILTY fine SAND, moist, micaceous, homogeneous

2.2 ft bgs; Loose gravel inclusion

2.8 ft bgs; Loose gravel inclusion

Grading to trace clay, cohesive

Grading to homogeneous

Borehole Terminated at 10.0 ft bgs

1

2

3

SC

SM

4.0

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.17

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB25A
collected from 0-1 ft
bgs.

Sample 54SB25B
collected from 9-10 ft
bgs.

7.5YR 5/6, strong brown, SILTY CLAY, moist, stiff, slight plasticity, fill soil

7.5YR 4/4, brown, SILTY fine SAND, moist, cohesive, micaceous,
Black material at 9.2

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

FILL

SM

4.0

2.2

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.66

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB26A
collected from 0-1 ft
bgs.

Samples 54SB26B
and Duplicate
collected from 9-10 ft
bgs.

7.5YR 3/3, dark brown, fine SAND, trace silt, moist, loose, micaceous,
homogeneous

4.0 ft bgs; 7.5YR 4/6, brown, SILTY fine SAND, moist, loose

Grading to trace clay, plastic, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

3.4

3.4

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments
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Drill Rig
Type
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NA

1698.88
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Sample 54SB27A
collected from 0-1 ft
bgs.

Sample 54SB27B
collected from 9-10 ft
bgs.

7.5YR 4/4, brown, CLAYEY SAND, slight plasticity, moist, stiff
Fill soil

7.5YR 4/4, brown, SANDY GRAVEL, trace silt, moist

7.5YR 4/4, SILTY fine SAND, moist, micaceous, homogeous, loose

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SC

GM

SM

3.6

3.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.56
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Sample 54SB28A
collected from 0-1 ft
bgs.

Sample 54SB28B
collected from 8-10 ft
bgs.

7.5YR 4/6, strong brown, SANDY CLAY, moist, fat, slight plasticity

7.5YR 3/4, dark brown, SILTY fine SAND, micaceous, homogeneous, loose to
very loose, moist

5.0-7.5 ft bgs; 7.5YR 4/4, brown, SILTY fine SAND, moist, micaceous, soft, loose

Grading to 7.5YR 3/4, dark brown, increasing silt and clay, cohesive

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SC

SM

2.8

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1697.68
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T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

Sample 54SB29A
collected from 0-1 ft
bgs.

Sample 54SB29B
collected from 9-10 ft
bgs.

7.5YR 3/4, dark brown, SILTY fine SAND, moist, micaceous, homogeneous,
loose

Grading to 7.5YR 4/6, strong brown, less silt, moist

Grading to 7.5YR 3/4, dark brown, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

3.2

3.5

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1698.88
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Sample 54SB30A
collected from 0-1 ft
bgs.

Sample 54SB30B
collected from 9-10 ft
bgs.

7.5YR 4/6, strong brown, SILTY fine SAND, moist, loose, micaceous,
homogeneous

2.5 ft bgs; Black cinder and ash layer

4.0 ft bgs; 7.5YR 4/4, brown, SILTY fine SAND, moist, soft, micaceous,
homogeneous, cohesive

6.5 ft bgs; Large rounded gravel layer

8.0 ft bgs; Wood chips

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

2.3

2.0

1.5

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.76
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Sample 54SB31A
collected at 0-1 ft
bgs.

Samples 54SB31B
and Duplicate
collected at 9-10 ft
bgs.

5YR4/6, yellowish red, fine SANDY CLAY, trace fine to medium angular gravel,
moist, stiff

Grading to less clay

5YR4/6, yellowish red, SILTY SAND, with occasional fine to medium angular
gravel, homogeneous, soft, cohesive, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

CL

SM

3.4

3.3

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1697.87
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Sample 54SB32A
collected at 0-1 ft
bgs.

Sample 54SB32B
collected 9-10 ft bgs.

7.5YR5/8, strong brown, CLAYEY SILT, moist, non-elastic, hard, micaceous

7.5YR4/6, strong brown, fine, SILTY fine SAND, moist, dense, Manganese
Oxide (MnO) at 2.0 ft bgs

2.6 ft bgs; MnO
2.9 ft bgs; MnO

4.0 ft bgs; Trace gravel

4.8 ft bgs; MnO

6.6 ft bgs; MnO

9.5 ft bgs; MnO

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.0

3.5

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1699.07
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Sample 54SB33A
sample collected at
1-2 ft bgs.

Samples 54SB33B
and MS/MSD
collected at 9-10 ft
bgs.

7.5YR5/8, strong brown, SANDY fine CLAY, moist, stiff, medium plasticity

7.5YR4/4, brown, very fine, SILTY SAND, with fine to medium gravel, lenses of
black/gray cinders
1.3 ft bgs; Black and gray cinders

2.2 ft bgs; Black and gray cinders

3.0-4.0 ft bgs; Black and gray cinders

5.0 ft bgs; Black and gray cinders

6.7 ft bgs; Black and gray cinders
7.0-7.1 ft bgs; Black and gray cinders with organics, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

CL

SM

CINDERS

SM

3.5

3.5

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.44
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Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Sample 54SB34A
collected from 0-1 ft
bgs.

Sample 54SB34B
collected from 9-10 ft
bgs.

7.5YR3/4, dark brown, SILTY fine SAND, moist, loose, homogeneous

Grading to 7.5YR4/6, strong brown, less silt

7.0 ft bgs; very moist to wet

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

3.6

3.8

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1698.03

3/8 inch bentonite pellets SWMU 54 AREA A
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Sample 54SB35A
collected at 1.2 ft
bgs.

Sample 54SB35B
collected at 9-10 ft
bgs.

7.5YR5/8, strong brown, SANDY CLAY, moist, hard

Fine, angular gravel, with silt, dry
7.5YR5/8, strong brown, SILTY SAND, moist, dense, micaceous, homogeneous,
non-cohesive

Grading to less silt

7.0-10.0 ft bgs; 7.5YR4/6, strong brown, SILTY fine SAND, moist, loose,
micaceous

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

CL

GM

SM

3.6

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.63
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Sample 54SB36A
collected at 0-1 ft
bgs.

Samples 54SB36B
and Duplicate
collected at 9-10 ft
bgs.

7.5YR4/6, strong brown, SILTY SAND, trace pea gravel, moist, non-cohesive,
micaceous, homogeneous

Grading to 7.5YR 5/8, strong brown, fine SAND, less silt

7.5YR 5/8, strong brown, fine SAND, moist, micaceous, homogeneous

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

SP

3.3

3.5

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/03/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.31
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Sample 54SB37A
collected at 1-1.5 ft
bgs.

Sample 54SB37B
collected at 9-10 ft
bgs.

7.5YR5/8 4/6, strong brown, SANDY CLAY, stiff, micaceous, plastic

0.5-1.0 ft bgs; 7.5YR3/4, dark brown, CLAY , with angular pea gravel

7.5YR4/6, SILTY fine SAND, moist, micaceous, homogeneous, hard

10YR5/4, yellow brown, fine SAND,  with silt lenses, moist

Borehole Terminated at 10.0 ft bgs

1
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3

ND

ND

ND

CL

SM

SP

4.0

3.6

2.0
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Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit
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Method
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Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
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Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.09

3/8 inch bentonite pellets SWMU 54 AREA A

Geoprobe-Direct Push Technology

J. Spangler

Drilling
Method

N
um

be
r FIELD NOTES

SAMPLES
G

ra
ph

ic
 L

og

MATERIAL  DESCRIPTION

E
le

va
tio

n,
fe

et

Fe
et

R
ec

ov
er

y

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

pe

Li
th

ol
og

ic
 L

og
(U

S
C

S
 C

od
e)

P
ID

 (p
pm

)

0

1

2

3

4

5

6

7

8

9

10

11

12

Sheet 1 of 1

1695

1690

1685

Project Location:   Radford, Virginia
Project: RFAAP SWMU 54

Project Number:  21355035

Log of Borehole 54SB37
R

ep
or

t: 
E

N
V

_1
2A

S
_C

LE
V

E
LA

N
D

+/
-U

S
C

S
;  

 F
ile

: R
FA

A
P

54
.G

P
J;

   
9/

30
/2

00
5 

  5
4S

B
37



Sample 54SB38A
collected at 0-1 ft
bgs.

Sample 54SB38B
collected at 9-10 ft
bgs.

7.5YR3/4, dark brown, very fine, SANDY SILT, moist, soft, loose, non-cohesive,
micaceous

4.0-9.0 ft bgs; 7.5YR4/4, brown, fine SANDY SILT, moist, loose, soft, micaceous,
homogeneous

Increasing sand with depth

7.5YR 4/4, brown, SILTY fine SAND, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.3

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/04/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1696.31
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Sample 54SB39A
collected from 0-1 ft
bgs.

Sample 54SB39B
collected from 9-10 ft
bgs.

7.5YR 4/4, brown, SANDY SILT, soft, moist

7.5YR 4/6, strong brown, SILTY very fine SAND, moist, micaceous

4.5-10.0 ft bgs; 7.5YR 5/6, strong brown, fine, SAND, poorly graded, dry, very
loose, micaceous, dry

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SP

3.0

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1700.91

3/8 inch bentonite pellets SWMU 54 AREA B
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Sample 54SB40A
collected from 0-1 ft
bgs.

Sample 54SB40B
collected from 9-10 ft
bgs.

7.5YR 5/6, strong brown, SILTY fine SAND, moist, soft, micaceous

7.5YR 3/3, dark brown, very fine SANDY SILT, moist, stiff, friable

5.0 ft bgs; Trace clay, medium, stiff

7.5YR 4/6, strong brown, SILTY fine SAND, moist, micaceous, mottled trace
clay, 5YR 5/6, yellow red, medium dense

8.0 ft bgs; Trace clay grading out

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

ML

SM

3.0

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1697.44
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Samples 54SB41A
and MS/MSD
collected from 0-1 ft
bgs.

Sample 54SB41B
collected from 9-10 ft
bgs.

7.5YR 3/4, dark brown, SILTY fine SAND, poorly graded,moist, medium dense,
micaceous,

3.0 ft bgs; Gravel and coarse sand

7.5YR 3/4, dark brown, very fine SANDY SILT, moist, trace gravel, micaceous

Grading to 7.5YR 4/6, strong brown

7.5YR 4/6, strong brown, fine SAND, poorly graded, moist, micaceous, loose

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

ML

SP

3.3

3.8

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1704.70
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Samples 54SB42A
and Duplicate
collected from 0-1 ft
bgs.

Sample 54SB42B
collected from 9-10 ft
bgs.

7.5YR 4/6, strong brown, fine SANDY CLAY, moist, slightly plastic

7.5YR 3/3, dark brown, SILTY fine SAND, moist, homogeneous, 2 pieces of hard
black material

4.0 ft bgs; Small fibrous like material and some black flaky material

8.5-10.0 ft bgs; 7.5YR 5/6, strong brown, SILTY fine SAND, moist, micaceous

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

CL

SM

2.5

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1700.79
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Sample 54SB43A
collected from 0.5-1 ft
bgs.

Sample 54SB43B
collected from 8-9 ft
bgs.

Sample 54SB43C
collected from 10-11
ft bgs.

7.5YR 3/4, dark brown, SILTY fine SAND, moist, loose

1.0 ft bgs; Becoming more sandy, MnO

7.5YR 3/4, dark brown, very fine SANDY SILT, moist, stiff, micaceous,
homogenous

7.5YR 5/4, brown, SILTY fine SAND, moist, micaceous

Increasing sand

7.5YR 5/6, strong brown, fine SAND, moist to wet, micaceous

Fine to coarse SAND/GRAVEL/SILT

14.2 ft bgs; 10YR 6/4, light yellow brown, weathered ROCK, SILTSTONE, friable

Borehole Refusal at 15.0 ft bgs

1
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ND

ND

ND

ND

SM

ML
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SP
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3.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit
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Method

12/04/2002 T. LaMaskin

Ground Surface
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Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments
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Drill Rig
Type

15.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA
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Sample 54SB44A
collected from 0.5-1 ft
bgs.

Sample 54SB44B
collected from 9-10 ft
bgs.

Samples 54SB44C
and Duplicate
collected from 17-18
ft bgs.

7.5YR3/2, dark brown, very fine SANDY SILT, moist, soft, homogeneous

4.0-6.5 ft bgs; 7.5YR5/6, strong brown, very stiff, very fine SANDY SILT, moist,
micaceous

6.5-7.0 ft bgs; 7.5YR4/4, brown, very fine SANDY SILT, moist, medium gravel,
micaceous, homogeneous

7.5YR5/6, strong brown, GRAVEL, SAND, and SILT
7.5YR5/6, strong brown, SILTY fine SAND, moist, stiff, micaceous

11.2-11.3 ft bgs; thin gravel layer

13.0 ft bgs; Trace gravel

16.0 ft bgs; Trace gravel

18.0 ft bgs; Fine sand grading to medium sand

19.0-20.7 ft bgs; 7.5YR5/8, strong brown, very soft, SILTY, medium SAND, with
weathered gravel, wet

Borehole Refusal at 20.7 ft bgs
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ND

ND

ND
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Data
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Level(s) NA
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of Borehole

Tractor Mounted Geoprobe Unit
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Method
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Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By
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Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

20.7 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

18.0 ft bgs
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Sample 54SB45A
collected from 0-1 ft
bgs.

Sample 54SB45B
collected from 9-10 ft
bgs.

7.5YR 4/3, brown, fine SANDY SILT, moist, soft

7.5YR 5/6, strong brown, SILTY fine SAND, moist, dense, homogeneous,
micaceous

Grading to less silt

7.0-10.0 ft bgs; 7.5YR 5/6, strong brown, fine SAND, trace silt, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.7

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1700.94
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Sample 54SB46A
collected from 0.5-1 ft
bgs.

Sample 54SB46B
collected from 7.5-9 ft
bgs.

Sample 54SB46C
collected from 11-12
ft bgs.

7.5YR3/2, dark brown, FILL, GRAVEL, SILT, SAND, moist, black stained, burn
material

Grading to 7.5YR2.5/1, black

7.5YR5/6, strong brown, very fine to fine SAND, moist, homogeneous,
micaceous

Fine to coarse GRAVEL, wet

Borehole Refusal at 16.2 ft bgs

1
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ND
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SP
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2.0
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Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/04/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

16.2 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

12.0 ft bgs
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3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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Project: RFAAP SWMU 54

Project Number:  21355035

Log of Borehole 54SB46
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Samples 54SB47A
and Duplicate
collected from 0-1 ft
bgs.

Sample 54SB47B
collected from 9-10 ft
bgs.

7.5YR 3/3, dark brown, fine, SANDY SILT, moist, trace sand, soft, micaceous,
cohesive

Grading to more sand

2.0-3.5 ft bgs; 7.5YR 4/6, strong brown, fine SANDY SILT, moist, elastic, stiff,
micaceous

7.5YR 4/6, strong brown, SILTY fine SAND, dense, cohesive, micaceous

Grading to less silt

8.0-10.0 ft bgs; 7.5YR 4/6, strong brown, fine SAND, trace silt, moist, micaceous

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.7

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/09/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1694.02

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology
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Sample 54SB48A
collected from 0-1 ft
bgs.

Sample 54SB48B
collected from 9-10 ft
bgs.

7.5YR 4/6, strong brown, SANDY SILT, moist, micaceous
7.5YR 3/3, dark brown, SILTY fine SAND, with MnO, moist

1.5 ft bgs; Grading to 7.5YR 4/6, strong brown, loose, micaceous

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

3.2

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/09/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1701.60

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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Sampling
Method

12/04/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Samples 54SB49A
and MS/MSD
collected from 1-2 ft
bgs.

Sample 54SB49B
collected from 9-10 ft
bgs.

Sample 54SB49C
collected from
13.5-14.5 ft bgs.

7.5YR3/4, dark brown, very fine, SANDY SILT, moist, loose, micaceous

7.5 YR 2.5/1, Black, GRAVEL, SAND, and SILT, moist, some MnO

7.5YR3/4, dark brown, SILTY fine SAND, moist, loose, homogeneous

6.0-14.5 ft bgs; 7.5YR5/6, strong brown, fine SAND, trace silt, moist, loose,
micaceous

GRAVEL, SILT, and SAND, wet, loose

Fine to coarse SAND, trace silt, wet

Borehole Refusal at 16.2 ft bgs

1
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4

5

ND

ND

ND

ND

ND

ML

GM

SM

GM

SM

3.5

3.7

4.0

4.0

0.2

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe UnitDrill Rig
Type

16.2 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

15.0 ft bgs

1697.67

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology
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Sample 54SB50A
collected from 0-1 ft
bgs.

Sample 54SB50B
collected from 9.5-10
ft bgs.

7.5YR 4/3, brown, SILTY CLAY, highly plastic, medium stiff

Grading to less clay

7.5YR 4/6, strong brown, fine SANDY SILT, moist, trace clay, micaceous,
medium dense, slightly cohesive

7.5YR 5/4, brown, fine SAND, trace silt, medium dense, micaceous, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

CL

ML

SP

3.2

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/09/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1694.08

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB51A
collected from 0-1 ft
bgs.

7.5YR 3/3, dark brown, fine SANDY SILT, moist, homogeneous, soft- medium
stiff, micaceous

Grading to 7.5YR 4/4, brown

Grading to increasing sand

7.5YR 4/6, strong brown, SILTY SAND, moist, medium dense, homogeneous,
micaceous

SILT, SAND, GRAVEL, moist, micaceous

7.5YR 4/6, strong brown, fine SAND, moist

15.5 ft bgs; Trace rock chips

19.0-20.9 ft bgs; 10YR 5/4, yellowish brown, fine to medium SAND, trace silt,
wet

GRAVEL, SAND, SILT, wet
Borhole Refusal at 21.5 ft bgs

1

2

3
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5

6

ND

ND

ND

ND

ND

ND

ML

SM

GM

SP

GM

4.0

4.0

3.5

3.5

4.0

1.5

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/04/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

21.5 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

17.0 ft bgs

1702.91

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB52A
collected from 0-1 ft
bgs.

Sample 54SB52B
collected from 9-10 ft
bgs.

7.5YR 5/6, strong brown, fine SANDY CLAY, homogenous, slight plasticity,
moist

Increasing sand, soft to medium stiff

7.5YR 5/6, strong brown, CLAYEY SAND, moist, loose to medium dense,
cohesive, trace fine to medium gravels, rounded

Increasing gravel

7.5YR 4/6, strong brown, SAND, CLAY, GRAVEL, moist

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

CL

SC

GC

4.0

3.8

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1711.06

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB53A
collected from 0-1 ft
bgs.

Sample 54SB53B
collected from 9-10 ft
bgs.

7.5YR 3/4, dark brown, fine, SANDY SILT, moist, soft

Increasing sand

7.5YR 4/4, brown, CLAY, very stiff, high plasticity

Increasing silt

7.5YR 3/4, dark brown, SILTY CLAY, moist, slight plasticity, stiff, homogeneous

4.0-6.0 ft bgs; 7.5YR 4/3, brown, fine SANDY CLAY, moist, slight plasticity

7.5YR 4/6, strong brown, SILTY fine SAND, moist, dense

Decreasing silt

7.5YR 4/6, strong brown, fine SAND, mosit, trace silt

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

CH

CL

SM

3.0

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1695.28

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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Sample 54SB54A
collected from 0-1 ft
bgs.

Sample 54SB54B
collected from 9-10 ft
bgs.

7.5YR 3/4, dark brown, very fine SANDY SILT, moist, soft

7.5YR 4/4, brown, SILTY fine SAND, dense, moist, micaceous

Decreasing silt

6.0-8.0 ft bgs; 7.5YR 5/6, strong brown, SILTY fine SAND, moist, micaceous

7.5YR 4/5, strong brown, SAND, moist, trace silt, poorly graded

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

ML

SM

SP

3.6

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/09/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1701.88

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology
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Sample 54SB55A
collected from 0.5-1
feet bgs.

Samples 54SB55B
and Duplicate
collected from 9-10
feet bgs.

7.5YR 4/4, brown, SILTY fine SAND, most, micaceous, soft
7.5YR 3/1, very dark gray, SAND, cinders, moist, poorly graded, loose

7.5YR 4/6, strong brown, SILTY fine SAND, moist, loose

7.5YR 4/6, strong brown, fine SAND, moist, trace silt, poorly graded, loose,
micaceous

Borehole Terminated at 10.0 ft bgs

1

2

3

ND

ND

ND

SM

SP

SM

SP

3.0

4.0

2.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/09/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

10.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1697.57

3/8 inch bentonite pellets SWMU 54 AREA B

Geoprobe-Direct Push Technology

J. Spangler
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7.5YR 3/4, dark brown, SILTY very fine, SAND, moist, loose, micaceous,
homogenous

5.0-13.0 ft bgs; 7.5YR 5/6, strong brown, fine SAND, moist, trace silt, medium
dense, micaceous

Occasional lenses

13.0-14.7 ft bgs; 7.5YR 4/4, brown, SILTY fine SAND, moist, soft, loose,
micaceous

Borehole Refusal at 14.7 ft bgs

1

2

3

4

ND

ND

ND

ND

SM

3.0

3.0

4.0

4.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/11/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

14.7 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.4 ft bgs

1691 msl

3/8 inch bentonite pellets

Geoprobe-Direct Push Technology

J. Spangler
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7.5YR 3/3, dark brown, SILTY fine SAND, moist, homogeneous, micaceous

7.5YR 4/4, brown, fine SAND, moist, trace silt, very loose, homogeneous,
micaceous

Grading to 7.5YR 4/6, strong brown

7.5YR 4/3, brown, SILTY fine SAND, moist, medium dense, micaceous

7.5YR 5/6, strong brown, fine to medium, SAND, moist, well graded, speckled
(black, strong brown, reddish yellow), very loose

7.5YR 4/3, brown, very fine, poorly graded, SAND, micaceous, loose, wet

18.3-19.5 ft bgs; 10YR 4/2, dark grayish brown, fine to medium, SAND, moist,
poorly graded, trace silt

7.5YR 5/8, strong brown, fine to coarse, gravel, fine to coarse SAND and SILT

Borehole Refusal at 21.0 ft bgs

1
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1.0
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Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/02/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

21.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

17.0 ft bgs

1695 msl

3/8 inch bentonite pellets

Geoprobe-Direct Push Technology

J. Spangler
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7.5YR 3/4, brown, SILTY fine SAND, moist, very soft, loose

7.5YR 5/6, strong brown, medium SAND, layer, moist
7.5YR 4/4, brown, SILTY fine SAND, moist, soft

4.0-6.0 ft bgs; 2.5YR 4/6, red, SILTY fine SAND, moist, soft

Interbedded sands

5YR 4/6, yellowish red, SILT, dry, very hard, friable

Increasing sand

7.5YR 4/6, strong brown, SILTY fine SAND, moist, micaceous

11.3-11.5 ft bgs; 7.5YR 4/6, CLAY, moist, highly plastic
7.5YR 4/6, strong brown, SILTY fine SAND, moist, micaceous

7.5YR 5/3, brown, fine, SAND, speckled with black, yellow, highly micaceous

14.0 ft bgs; 7.5YR 4/1, dark gray, wet

Fine to coarse SILT, GRAVEL, SAND, wet, rounded to angular

Borehole Refusal at 17.5 ft bgs

1

2
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4

5

ND

ND

ND

ND

ND

SM

SP

SM

ML

SM

SP

GM

2.3

3.8

1.5

3.8

1.5

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

12/10/2002 T. LaMaskin

Ground Surface
Elevation

Logged By

Richard Simmons Drilling Co., Inc.

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

17.5 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.0 ft bgs

1689 msl

3/8 inch bentonite pellets

Geoprobe-Direct Push Technology

J. Spangler
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Collected 54SB56A
at 0.0-1.0 ft bgs

Collected 54SB56B
at 9.0-10.0 ft bgs

Collected 54SB56C
at 12.5-13.8 ft bgs

5YR 4/4 reddish brown, silty very fine SAND, slightly moist, loose,
homogeneous, micaceous

     Silt grades less

5YR 4/3 reddish brown, silty fine SAND with trace clay, moist, medium dense to
loose

6.5-7.2 ft bgs; 5YR 4/3 reddish brown, fine SAND layer, dry to slightly moist

5YR 4/3 reddish brown, silty fine SAND with trace clay

9.5-11.0 ft bgs; 7.5YR 4/6 strong brown, silty SAND, slightly moist, loose

11.0-13.9 ft bgs; silty fine to medium SAND, homogeneous

7.5YR 4/6 strong brown, gravelly fine to medium SAND, wet, loose

Gravel; fine and rounded

5YR 5/8 yellowish red, GRAVEL and SAND, wet; gravel, fine to medium,
sub-rounded; sand, fine to coarse, rounded

17.0-17.8 ft bgs; 5YR 4/6 yellowish red, medium to coarse GRAVEL with some
medium to coarse sand, wet, angular
5YR 4/2 dark reddish gray SILT/Rock flour
Borehole Refusal 17.8 ft bgs

1
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5

ND

ND

ND

ND

ND

ML

SM

SP

GP

3.2

3.8

3.6

3.0

1.8

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/18/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

17.8 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.9 ft bgs

1685 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB57A
at 0.0-1.0 ft bgs

Collected 54SB57B
and MS/MSD at
8.0-12.0 ft bgs

Collected 54SB57C
and Dup-1 at
16.0-18.0 ft bgs

5YR 4/6 yellowish red, very fine sandy SILT with trace gravel, dry to slightly
moist, medium stiff, micaceous; gravel, rounded

2.2-4.7 ft bgs; 10YR 3/3 dark brown, very fine sandy SILT with some clay and
trace fine gravel, moist; gravel, sub-rounded

4.7-10.0 ft bgs; 7.5YR 4/4 brown, SILT with very fine sand, highly micaceous,
homogeneous
Moisture increases

8.0 ft bgs; Sand increases and becomes very moist

10.0-14.2 ft bgs; 7.5YR 4/6 strong brown, very fine SAND and SILT, very moist,
highly micaceous, loose to medium dense, homogeneous

14.2-14.6 ft bgs; SAND layer, dry
10YR 4/4 dark yellowish brown, SILT and fine SAND, moist; silt, elastic

15.0-15.4 ft bgs; perched water

fine to medium GRAVEL with fine to medium sand and some silt, very moist to
wet

10YR 4/4 dark yellowish brown, silty SAND

fine GRAVEL with fine to coarse sand, wet

10YR 4/2 dark grayish brown, clayey silt SAPROLITE with some rock flour and
angular gravel, hard
Borehole Refusal 23.0 ft bgs
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ND

ND

ND

ND

ND

ND

ML

GM

SM

GP

Saprolite

3.2

4.0

3.2

3.2

4.0

3.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/17/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

23.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA

1697 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB58A
at 0.0-1.0 ft bgs

Collected 54SB58B
at 9.0-10.0 ft bgs

Collected 54SB58C
at 16.0-18.0 ft bgs

7.5YR 4/4 brown, silty fine SAND, dry to slightly moist, loose, micaceous

0.9 ft bgs; color grades to 7.5YR 3/4 dark brown
1.5-4.0 ft bgs; 7.5YR 4/6 strong brown, fine SAND with some silt, slightly moist,
loose

4.0-9.0 ft bgs; becomes moist and micaceous

Increasing moisture

9.0-10.5 ft bgs; SAND and SILT, elastic

10.5-16.0 ft bgs; 7.5YR 4/6 strong brown, silty fine SAND, moist

11.5-12.0 ft bgs; perched water zone

10YR 4/3 brown, sandy SILT, moist, soft, micaceous

18.0-18.2 ft bgs; SAND layer
18.5-18.8 ft bgs; SAND layer

19.4-19.6 ft bgs; SAND layer

21.5-22.0 ft bgs; 7.5YR 4/6 strong brown, fine SAND with silt, moist
GRAVEL and SAND with some silt; gravel, fine to medium; sand, fine to coarse

7.5YR 5/1 gray, SAPROLITE, silt/rock flour, very moist
Borehole Refusal 26.6 ft bgs
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ND
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ML

GM

Saprolite
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3.4
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3.5

2.6

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/17/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

26.6 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

24.0 ft bgs

1700 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB59A
at 0.0-1.0 ft bgs

Collected 54SB59B
at 9.0-10.0 ft bgs

Collected 54SB59C
and Dup-2 at
13.0-15.0 ft bgs

7.5YR 3/3 dark brown, SILT and very fine SAND, slightly moist, loose,
homogeneous, micaceous

Silt grades less

7.5YR 4/6 strong brown, fine to medium SAND

3.2-4.8 ft bgs; 7.5YR 6/6 reddish yellow

4.8-5.2 ft bgs; 10YR 3/4 dark yellowish brown, silty fine SAND layer, moist

7.5YR 5/6 strong brown, fine to medium SAND with some silt, moist, loose,
micaceous

11.1-12.5 ft bgs; 7.5YR 4/6 strong brown, silty fine SAND, very moist, medium
dense, micaceous

12.5-13.7 ft bgs; 10YR 4/4 dark yellowish brown, silty fine SAND, moist, loose

13.7-15.4 ft bgs; 10YR 3/6 dark yellowish brown, silty SAND with little clay, very
moist, micaceous

14.7 ft bgs; wet
15.4-16.0 ft bgs; 10YR 4/6 dark yellowish brown, GRAVEL and SAND with some
silt; gravel fine to medium, rounded; sand, fine to coarse
7.5YR 5/6 strong brown, medium SAND

17.3-17.5 ft bgs; GRAVEL layer, sub-rounded to sub-angular

18.3-18.6 ft bgs; GRAVEL layer, sub-rounded to sub-angular

Borehole Refusal 20.6 ft bgs
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ND

ND

ND

ND
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ML

SP

SM

SP
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2.7

3.2

4.0
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0.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/18/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

20.6 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

14.7 ft bgs

1689 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB60A
at 0.0-1.0 ft bgs

Collected 54SB60B
at 9.0-10.0 ft bgs

Collected 54SB60C
at 12.0-13.5 ft bgs

7.5YR 3/3 dark reddish brown, silty very fine SAND, slightly moist, loose,
homogeneous, micaceous

7.5YR 4/6 strong brown, silty fine SAND with trace clay, slightly moist, medium
dense, micaceous

4.5-5.5 ft bgs; becomes 7.5YR 3/4 dark brown with some clay

5.5-5.7 ft bgs; 5YR 4/4 reddish brown, fine to medium SAND layer, loose
5.7-11.5 ft bgs; 5YR 4/4 reddish brown, silty fine SAND

6.7-7.0 ft bgs; fine to medium SAND layer

8.5-9.0 ft bgs; fine to medium SAND layer
9.0-10.5 ft bgs; silty fine SAND with trace clay

10.5-10.8 ft bgs; fine to medium SAND layer

11.5-11.8 ft bgs; 5YR 4/4 reddish brown, CLAY layer, slightly moist, plastic, soft,
micaceous
11.8-13.5 ft bgs; silty SAND, slightly moist, loose, micaceous

7.5YR 5/3 brown, sandy CLAY with gravel, loose to medium dense
7.5YR 5/6 strong brown, SAND and GRAVEL; sand, fine to coarse; gravel, fine
to medium, sub-angular to angular

17.0-18.0 ft bgs; gravel is coarse

Gley 1 5/5G greenish gray, gravel and clay SAPROLITE, moist

Borehole Refusal 19.0 ft bgs

1
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ND

ND

ND

ND

ND

ML

SM

CL

GP

Saprolite

3.0

2.9

3.7

3.6

3.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/18/2004 Brett Fisher

Ground Surface
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Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner
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Contractor
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Drilled

Drill Rig
Type

19.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.5 ft bgs

1694 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB61A
at 0.0-1.0 ft bgs

Collected 54SB61B
at 9.0-10.0 ft bgs

Collected 54SB61C
at 16.0-18.0 ft bgs

7.5YR 3/3 dark brown, silty fine SAND, slightly moist, loose, micaceous,
homogeneous

4.0-9.8 ft bgs; 10YR 4/4 dark yellowish brown, SAND with some silt

9.8-11.5 ft bgs; 7.5YR 4/4 brown, silty fine SAND, very moist, soft, micaceous

11.5-12.0 ft bgs; clayey silty SAND, wet, perched water zone
7.5YR 4/6 strong brown, silty very fine SAND with trace clay, very moist, very
soft, moderately cohesive, micaceous

Increasing SAND

7.5YR 4/6 strong brown, silty SAND with trace clay
Clay grades out
21.2-23.2 ft bgs; 10YR 4/4 dark yellowish brown, silty fine SAND, wet,
micaceous

GRAVEL/SAND/SILT, wet; sand, fine to coarse; gravel, fine

Gley 2 6/1, greenish gray, SAPROLITE, hard
Borehole Refusal 25.6 ft bgs

1

2

3

4

5

6

7

ND

ND

ND

ND

ND

ND

ND

SM

ML

SM

SM

GM

Saprolite

3.2

3.4

3.5

3.6

4.0

4.0

1.6

Hammer
Data

Groundwater
Level(s) NA

Total Depth
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Macrocore disposable acetate liner
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Collected 54SB62A
at 0.0-1.0 ft bgs

Collected 54SB62B
and Dup-6 at
9.0-10.0 ft bgs

Collected 54SB62C
at 15.0-16.0 ft bgs

5YR 3/3 dark reddish brown, silty SAND, moist, medium dense, homogeneous,
micaceous

2.6-5.5 ft bgs; 7.5YR 5/4 brown, medium SAND with some silt, moist, loose

5.5-17.0 ft bgs; 7.5YR 4/4 brown, silty SAND, moist, medium dense

11.0-11.2 ft bgs; SAND layer

12.8-13.0 ft bgs; SAND layer

14.4-14.6 ft bgs; SAND layer

16.5-16.7 ft bgs; SAND layer
17.0-18.0 ft bgs; 10YR 4/2 dark grayish brown, silty SAND, wet

Borehole Refusal 18.0 ft bgs
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Macrocore disposable acetate liner
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Comments
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Drill Rig
Type

18.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

17.0 ft bgs

1701 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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5YR 3/3 dark reddish brown, very fine sandy SILT, slightly moist

0.5-0.7 ft bgs; 5YR 4/6 yellowish red, fine SAND layer, loose
0.7-2.2 ft bgs; 5YR 4/4 reddish brown, very fine sandy SILT with some clay,
micaceous

5YR 4/6 yellowish red, silty SAND, slightly moist, loose

4.8-5.0 ft bgs; 7.5YR 4/4 brown, fine SAND layer, loose

5.0-10.0 ft bgs; 7.5YR 4/4 brown, silty fine SAND, slightly moist, dense,
micaceous

Grades less silt to 8.0 ft bgs

10.0-12.2 ft bgs; 7.5YR 3/4 dark brown, silty SAND with trace clay, slightly moist,
medium dense, micaceous

12.2-13.0 ft bgs; 7.5YR 5/2 brown, silty fine to medium SAND, wet, micaceous

Borehole Refusal 13.0 ft bgs
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Collected 54SB63A
and Dup-4 at 0.0-1.0
ft bgs

Collected 54SB63B
and MS/MSD at
9.0-10.0 ft bgs

Collected 54SB63C
at 11.0-12.0 ft bgs
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Macrocore disposable acetate liner
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Drill Rig
Type

13.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

12.2 ft bgs

1692 msl

3/8-inch bentonite pellets
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John Spangler
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Collected 54SB64A
at 0.0-2.0 ft bgs

Collected 54SB64B
at 9.0-10.0 ft bgs

Collected 54SB64C
at 12.5-13.5 ft bgs

7.5YR 4/4 brown, silty very fine SAND, dry to slightly moist, loose, micaceous,
homogeneous

4.3-4.7 ft bgs; fine SAND layer, dry
5YR 4/3 dark reddish brown, clayey SILT with some very fine sand, slightly
moist, dense, friable

6.1-6.4 ft bgs; fine SAND layer, dry

5YR 3/4 dark reddish brown, silty fine SAND, dry to slightly moist

5YR 4/6 yellowish red, clayey SILT, slightly moist

9.6-10.1 ft bgs; 7.5YR 4/6 strong brown, fine SAND layer

11.3-13.6 ft bgs; silty SAND with banded saprolitic texture, moist

13.6-14.2 ft bgs; silty medium SAND, wet

7.5YR 5/4 brown, GRAVEL and SAND; gravel, medium to coarse; sand, medium
to coarse

Borehole Refusal 16.5 ft bgs

1

2

3

4

5

ND

ND

ND

ND

ND

SM

ML

SM

ML

SM

GP

2.2

3.2

3.1

4.0

0.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/18/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner
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Drill Rig
Type

16.5 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.6 ft bgs

1694 msl
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Geoprobe-Direct Push Technology

John Spangler

Drilling
Method

N
um

be
r FIELD NOTES

SAMPLES
G

ra
ph

ic
 L

og

MATERIAL  DESCRIPTION

E
le

va
tio

n,
fe

et

Fe
et

R
ec

ov
er

y

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

pe

Li
th

ol
og

ic
 L

og
(U

S
C

S
 C

od
e)

P
ID

0

2

4

6

8

10

12

14

16

18

Sheet 1 of 1

1690

1685

1680

Project Location:   SWMU 54
Project: Radford Army Ammunition Plant

Project Number:  21355035

Log of Borehole 54SB64
R

ep
or

t: 
E

N
V

_1
2A

S
_C

LE
V

E
LA

N
D

+/
-U

S
C

S
;  

 F
ile

: R
FA

A
P

_5
4 

A
D

D
 C

H
A

R
.G

P
J;

   
9/

30
/2

00
5 

  5
4S

B
64



Collected 54SB65A
at 0.0-1.0 ft bgs

Collected 54SB65B
at 9.0-10.0 ft bgs

Collected 54SB65C
at 15.0-17.0 ft bgs

7.5YR 3/3 dark brown, silty fine SAND, slightly moist, loose, micaceous

1.0-6.5 ft bgs; 7.5YR 5/4 brown, silty medium SAND, moist, homogeneous

Grades clayey at 6.5 ft bgs

6.5-17.5 ft bgs; silty medium SAND with trace to some clay

17.5-17.8 ft bgs; coarse sandy CLAY, plastic
17.8-18.0 ft bgs; medium to coarse SAND, very moist
Borehole Refusal 18.0 ft bgs
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Backfill

Macrocore disposable acetate liner
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Type
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Drill Bit
Size/Type 4-foot x 2-inch macrocore

NA
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Collected 54SB66A
at 0.0-1.0 ft bgs

Collected 54SB66B
at 9.0-10.0 ft bgs

Collected 54SB66C
at 11.0-12.0 ft bgs

7.5YR 3/4 dark brown, very fine sandy SILT with some clay, slightly moist,
medium stiff, micaceous
0.7-2.7 ft bgs; 5YR 4/4 reddish brown, silty very fine SAND, medium dense,
micaceous, homogeneous

5YR 4/4 reddish brown, silty CLAY, slightly moist, slightly plastic, stiff

5YR 4/6 yellowish red, silty fine SAND with some clay, slightly moist, loose,
micaceous

8.5-9.0 ft bgs; 5YR 4/6 yellowish red, medium SAND

5YR 4/4 reddish brown, very fine sandy CLAY, slightly moist, slightly plastic,
medium dense

10.6-12.0 ft bgs; very moist

5YR 4/4 reddish brown, silty fine SAND, wet, loose, micaceous
10YR 3/1 very dark gray, very fine sandy SILT, wet, soft

10YR 4/4 dark yellowish brown, GRAVEL/SAND/SILT, wet; gravel, fine to
medium and rounded; sand, fine to coarse

10YR 4/2 dark grayish brown, SILT, dry, hard to very hard, friable
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15.6 feet
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12.5 ft bgs
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John Spangler

Drilling
Method

N
um

be
r FIELD NOTES

SAMPLES
G

ra
ph

ic
 L

og

MATERIAL  DESCRIPTION

E
le

va
tio

n,
fe

et

Fe
et

R
ec

ov
er

y

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

pe

Li
th

ol
og

ic
 L

og
(U

S
C

S
 C

od
e)

P
ID

0

2

4

6

8

10

12

14

16

18

Sheet 1 of 1

1690

1685

1680

1675

Project Location:   SWMU 54
Project: Radford Army Ammunition Plant

Project Number:  21355035

Log of Borehole 54SB66
R

ep
or

t: 
E

N
V

_1
2A

S
_C

LE
V

E
LA

N
D

+/
-U

S
C

S
;  

 F
ile

: R
FA

A
P

_5
4 

A
D

D
 C

H
A

R
.G

P
J;

   
9/

30
/2

00
5 

  5
4S

B
66



N
um

be
r FIELD NOTES

SAMPLES

G
ra

ph
ic

 L
og

MATERIAL  DESCRIPTION

E
le

va
tio

n,
fe

et

Fe
et

R
ec

ov
er

y

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

pe

Li
th

ol
og

ic
 L

og
(U

S
C

S
 C

od
e)

P
ID

0

2

4

6

8

10

12

14

16

18

Sheet 1 of 1

1710

1705

1700

1695

Collected 54SB67A
at 0.0-1.0 ft bgs

Collected 54SB67B
at 9.0-10.0 ft bgs

Collected 54SB67C
at 11.0-12.5 ft bgs

5YR 4/4 reddish brown, very fine SAND and SILT, dry to slightly moist, loose,
micaceous, homogeneous

4.6-5.0 ft bgs; 7.5YR 5/4 brown, silty fine SAND layer, dry to slightly moist, loose
5.0-5.7 ft bgs; 5YR 4/4 reddish brown, very fine sandy SILT, slightly moist,
dense, friable, micaceous
5.7-6.4 ft bgs; silty fine to medium SAND, loose

8.0-10.3 ft bgs; 5YR 3/4 dark reddish brown, fine sandy SILT, slightly moist,
loose, micaceous, homogeneous

5YR 3/4 dark reddish brown, silty CLAY, moist, slightly plastic, soft

5YR 4/4 reddish brown, silty very fine SAND, slightly moist, loose, micaceous

12.5-13.1 ft bgs; clayey SILT, very moist, very soft

13.1-13.7 ft bgs; 7.5YR 4/3 brown, very fine sandy SILT with trace coarse sand,
wet, soft
7.5YR 4/1 dark gray, silty fine SAND, very loose

Grades less silty

7.5YR 5/6 strong brown, fine to medium GRAVEL and coarse SAND, loose

Borehole Refusal 16.0 ft bgs
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Method

8/19/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

16.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.1 ft bgs

1711 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Method
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Collected 54SB68A
at 0.0-1.0 ft bgs

Collected 54SB68B
at 9.0-10.0 ft bgs

Collected 54SB68C
at 16.0-18.0 ft bgs

5YR 3/3 dark reddish brown, silty SAND, moist, micaceous, homogeneous

4.5-6.8 ft bgs; 7.5YR 4/3 brown, silty fine to medium SAND, moist, medium
dense, homogeneous

6.8-8.5 ft bgs; silty fine to medium SAND with some clay

Clay grades out at 8.5 ft bgs
8.5-8.8 ft bgs; medium SAND layer
8.8-18.0 ft bgs; 7.5YR 4/3 brown, silty fine to medium SAND, moist, medium
dense, homogeneous

18.0-19.0 ft bgs; 7.5YR 4/3 brown, silty fine to medium SAND with some clay,
moist

19.0-20.0 ft bgs; 7.5YR 5/3 brown, silty fine SAND, very moist, medium dense

20.0-20.5 ft bgs; 10YR 4/3 brown, loose to medium dense
10YR 4/4 dark yellowish brown, GRAVEL/SAND/SILT, wet; gravel, coarse; sand,
medium
Borehole Refusal 21.0 ft bgs
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21.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

20.0 ft bgs

1701 msl
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14.0 ft bgs

1691 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler

Drilling
Method

NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/19/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner
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Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

15.2 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

Collected 54SB69A
at 0.0-1.0 ft bgs

Collected 54SB69B
and Dup-5 at
9.0-10.0 ft bgs

Collected 54SB69C
at 12.0-14.0 ft bgs

7.5YR 4/4 brown, SILT and very fine SAND, dry to slightly moist, loose,
homogeneous

1.3-1.5 ft bgs; fine SAND layer, dry, loose

2.3-2.5 ft bgs; fine SAND layer, dry, loose
2.5YR 3/2 reddish brown, silty fine to medium SAND, dry to slightly moist,
medium dense

5YR 4/6 yellowish red, fine sandy CLAY, slightly moist, slightly plastic with some
highly plastic lenses, medium stiff

7.7-8.5 ft bgs; 7.5YR 5/4 brown, fine SAND, dry, loose

5YR 4/6 yellowish red, sandy CLAY, slightly moist, slightly plastic, soft

5YR 4/6 yellowish red, clayey SAND, very moist, medium dense

10YR 3/2 dark grayish brown, silty very fine SAND, very moist, micaceous

10YR 3/4 dark yellowish brown, GRAVEL/SAND/SILT, wet; gravel, fine to
coarse; sand, fine to coarse
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Collected 54SB70A
at 0.0-1.0 ft bgs

Collected 54SB70B
at 9.0-10.0 ft bgs

Collected 54SB70C
at 12.5-14.0 ft bgs

5YR 3/4 dark reddish brown, silty fine SAND, slightly moist, loose to medium
dense, micaceous, homogeneous

4.0-8.0 ft bgs; Grades to 5YR 4/4 reddish brown, less silty, moist

8.0-13.4 ft bgs; 5YR 4/6 yellowish red

10.5-10.8 ft bgs; 7.5YR 6/6 reddish yellow, SAND layer, loose

5YR 4/6 yellowish red, medium SAND, moist to wet, loose

5YR 4/6 yellowish red, GRAVEL and SAND with some silt, wet; gravel, fine to
medium; sand, medium to coarse

Borehole Refusal 15.4 ft bgs
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Data

Groundwater
Level(s) NA
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of Borehole
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Method

8/19/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner
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Contractor

Comments

Date(s)
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Drill Rig
Type

15.4 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

14.0 ft bgs

1712 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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4.0

4.0

4.0

4.0

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/20/2004 Brett Fisher

Ground Surface
Elevation

Collected 54SB71A
at 0.0-1.0 ft bgs

Collected 54SB71B
at 9.0-10.0 ft bgs

Collected 54SB71C
at 12.0-12.8 ft bgs

7.5YR 3/4 dark brown, fine, sandy SILT, moist, soft

Increasing sand

7.5YR 4/4 brown, CLAY, very stiff, highly plastic

Increasing silt

7.5YR 3/4 dark brown, silty CLAY, moist, slightly plastic, stiff, homogeneous

4.0-6.0 ft bgs; 7.5YR 4/3 brown, fine sandy CLAY, moist, slight plasticity

7.5YR 4/6 strong brown, silty fine SAND, moist, dense

Decreasing silt

7.5YR 4/6 strong brown, fine SAND, moist, trace silt

GRAVEL, SAND, and SILT, wet

Borehole Terminated at 16.0 ft bgs
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ND

ND

ND

ND

ML

CH
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Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By
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Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

16.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

13.0 ft bgs

1696 msl

Geoprobe-Direct Push Technology

John Spangler

Drilling
Method
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Log of Borehole 54SB72
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Collected 54SB72A
at 0.0-1.0 ft bgs

Collected 54SB72B
at 9.0-10.0 ft bgs

Collected 54SB72C
at 10.3-10.7 ft bgs

0.0-0.3 ft bgs; Thin GRAVEL layer
7.5YR 4/4 brown, very fine sandy SILT, slightly moist, very dense

5YR 4/6 yellowish red, silty very fine SAND with some clay, moist, dense

8.5 ft bgs; Silt and clay grade out

5YR 4/6 yellowish red, medium SAND, moist

10YR 4/4 dark yellowish brown, silty medium SAND, wet, loose

14.0-14.3 ft bgs; GRAVEL layer, wet

7.5YR 6/1 gray, silt SAPROLITE, dry, hard

Borehole Refusal 15.2 ft bgs
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ND

ND

ND

ND

ML

SM

SP

SM

Saprolite

4.0

4.0

4.0

3.2

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/20/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

15.2 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

10.8 ft bgs

1697 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler

Drilling
Method
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Collected 54SB73A
at 0.0-1.0 ft bgs

Collected 54SB73B
at 9.0-10.0 ft bgs

Collected 54SB73C
and MS/MSD at
10.0-11.0 ft bgs

7.5YR 4/4 brown, silty SAND with some clay, slightly moist, dense, micaceous,
homogeneous

4.5-5.1 ft bgs; Clay grades out

5.1-6.5 ft bgs; 7.5YR 4/6 strong brown, silty SAND, moist, medium dense,
micaceous

7.5YR 4/6 strong brown, SAND, moist to very moist, loose

11.0 ft bgs; wet

7.5YR 4/6 strong brown, GRAVEL and SAND, wet

Borehole Refusal 14.7 ft bgs
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ND
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ND

ND

SM

SP

GP
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3.7

4.0

2.7

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/20/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

14.7 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

11.0 ft bgs

1694 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB74A
and Dup-8 at 0.0-1.0
ft bgs

Collected 54SB74B
at 9.0-10.0 ft bgs

Collected 54SB74C
at 12.0-12.5 ft bgs

7.5YR 4/6 brown, SILT with sand, slightly moist, hard, micaceous

7.5YR 5/4 brown, silty fine to medium SAND, slightly moist, dense

5.0-6.5 ft bgs; 5YR 4/6 yellowish red, medium dense

6.5-12.8 ft bgs; SAND with some silty lenses, moist, loose, micaceous

12.8-15.0 ft bgs; silty SAND with some clay lenses, wet

5YR 4/6 yellowish red, GRAVEL and SAND with some silt, wet

Borehole Terminated 16.0 ft bgs

1
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4

ND

ND

ND

ND

ML

SM

GM

3.2

4.0

3.6

3.6

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/20/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

16.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

12.8 ft bgs

1694 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB75A
at 0.0-1.0 ft bgs

Collected 54SB75B
at 9.0-10.0 ft bgs

Collected 54SB75C
at 13.0-14.5 ft bgs

7.5YR 4/6 strong brown, silty very fine SAND with some clay, slightly moist,
medium dense

4.0-13.4 ft bgs; Silt and Clay grade out

7.5YR 5/4 brown, SAND, moist, loose, homogeneous

14.8 ft bgs; wet

7.5YR 5/4 brown, GRAVEL and SAND with some silt, wet

Borehole Terminated 20.0 ft bgs
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Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/20/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

20.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

14.8 ft bgs

1702 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Collected 54SB76C
and Dup-7 at
10.0-11.0 ft bgs

10YR 4/3 brown, silty very fine SAND, slightly moist

10YR 3/2 very dark grayish brown, gravel/sand/silt with some clay, FILL, moist

6.0-10.0 ft bgs; less gravel

10YR 4/4 dark yellowish brown, silty fine SAND, very moist, loose, micaceous

10YR 4/4 dark yellowish brown, fine SAND with gravel, wet

Borehole Terminated 16.0 ft bgs

1
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4

ND

ND

ND

ND

SM

Fill

SM

SP

3.5

3.0

3.7

3.6

Hammer
Data

Groundwater
Level(s) NA

Total Depth
of Borehole

Tractor Mounted Geoprobe Unit

Sampling
Method

8/20/2004 Brett Fisher

Ground Surface
Elevation

Logged By

Richard Simmons Drilling

Borehole
Backfill

Macrocore disposable acetate liner

Reviewed By

Drilling
Contractor

Comments

Date(s)
Drilled

Drill Rig
Type

16.0 feet

Drill Bit
Size/Type 4-foot x 2-inch macrocore

11.5 ft bgs

1697 msl

3/8-inch bentonite pellets

Geoprobe-Direct Push Technology

John Spangler
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Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 2-inch
PVC

ML

GM

SH/LS

1

2

3

4

Borehole logged from auger returns, Topsoil, medium to dark
brown SILT and CLAY

Light brown to moderate brown, SILT and CLAY, trace fine
SAND, moist

Well rounded GRAVEL and COBBLES (2-3 inches long) with
fine SAND, SILT, and CLAY, dusky brown to dusky yellowish
brown

Boring continued in bedrock with air hammer weathered shaly
limestone, alternating layers of rock and soft (clay?) layers

Dry rock powder until bit at 40 feet

Moist to wet rock powder returns

Borehole Terminated at 45.0 ft bgs
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SAMPLES

12/03/1997

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

C. Sprinkle

Sampling
Method

1693.722-inch I. D. Schedule 40 PVC

Seal or
Backfill

45.0 feet

Hammer
Data

Reviewer

Drilling
Method

1696.14 msl

Groundwater
Level(s)

Screen
Perforation

Date(s) Drilled
and Installed

HSA/Air Hammer Drilling
Contractor

Millennium Science & Engineering,
Inc.

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 17.49 TOC N 10,895,625.6  E 3,602,558.6  Coordinates

0

5

10

15

20

25

30

35

40

45

Project:   RFAAP SWMU 54
Project Location:   Radford, Virginia
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3.3

3.5

1.3

1.2

Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 4-inch
PVC

No. 1 Silica Quartz
Sand

ML

SM

SP

LS

1

2

3

4

ND

ND

ND

ND

7.5YR 3/4, dark brown, very fine, SANDY SILT, soft, micaceous,
moist

     Increasing sand

7.5YR 4/6, strong brown, SILTY fine SAND, moist, loose,
micaceous
Increasing sand

7.5YR 5/6, strong brown, fine SAND, moist, very loose,
cohesive, highly micaceous

15.0-17.0 ft bgs; 7.5YR 5/4, brown, fine to coarse, GRAVELLY
SAND, wet, well rounded, loose

Blue gray Limestone; Sampler refusal at 17.0 ft bgs

Borehole terminated at 25.0 ft bgs.
54MW5 installed
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SAMPLES

T. LaMaskin1/30/2003

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

Air hammer/Roller bit

J. Spangler

Sampling
Method

1695.72 msl4-inch I. D. Schedule 40 PVC

Seal or
Backfill

25.0 feet

Drill Bit
Size/Type

Reviewer

Drilling
Method

1698.11 msl

Groundwater
Level(s)

Geoprobe Macrocore

Screen
Perforation

Date(s) Drilled
and Installed

Air Rotary Drilling
Contractor Richard Simmons Drilling Co., Inc.

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 17.47 N 10,895,601.4  E 3,602,215.7  Coordinates
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4.0

4.0

2.0

2.0

0.5

Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 4-inch
PVC

SM

SP

LS

1

2

3

4

5

ND

ND

ND

ND

ND

10YR 3/4, dark brown, SANDY SILT, moist, trace clay, hard
0.4 ft bgs; 10YR 4/4, dark yellowish brown, SILTY fine SAND,
moist, dense
     Trace clay

5.2 ft bgs; 7.5YR 5/6, strong brown, SILTY fine SAND, moist,
medium dense, loose, micaceous

Grading loose
Slightly clayey

15.0-20.0 ft bgs; 7.5YR 5/6, strong brown, SILTY fine SAND,
moist, homogenous, loose

7.5YR 5/6, strong brown, fine to coarse, SAND and GRAVEL,
moist
Sampler refusal in SAND and GRAVEL at 20.5 ft bgs
Blue gray Limestone

Gravelly

Blue gray Limestone

Borehole Terminated 42.0 ft bgs
54MW6 installed
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SAMPLES

T. LaMaskin1/28/2003

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

Air hammer/Roller bit

J. Spangler

Sampling
Method

1736.74 msl4-inch I. D. Schedule 40 PVC

Seal or
Backfill

42.0 feet

Drill Bit
Size/Type

Reviewer

Drilling
Method

1739.19 msl

Groundwater
Level(s)

Geoprobe Macrocore

Screen
Perforation

Date(s) Drilled
and Installed

Air Rotary Drilling
Contractor Richard Simmons Drilling Co., Inc.

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 36.92 bgs N 10,895,234.1  E 3,602,506.4  Coordinates
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Project:   RFAAP SWMU 54
Project Location:   Radford, Virginia

Sheet 1 of 1
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Project Number:     21355035
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3.5

3.4

2.0

1.0

Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 4-inch
PVC

SM/ML

GP

Saprolite

LS

1

2

3

4

ND

ND

ND

ND

7.5YR 3/6, dark yellowish brown, very fine SANDY SILT, moist,
trace clay, dense, micaceous

Increasing clay

4.0-8.0 ft bgs; 7.5YR 4/4, brown, very fine, SANDY CLAYEY
SILT, moist, soft, micaceous

Increasing sand

7.5YR 5/6, strong brown, medium to coarse, SAND and well
rounded GRAVEL, wet

GLEY 1 5/1, greenish gray, SAPROLITE with fat CLAY,
weathered
Greenish gray limestone

Borehole terminated at 23.0 ft bgs
54MW7 installed
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MATERIAL  DESCRIPTION
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SAMPLES

T. LaMaskin1/29/2003

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

Air hammer/Roller bit

J. Spangler

Sampling
Method

1694.15 msl4-inch I. D. Schedule 40 PVC

Seal or
Backfill

23.0 feet

Drill Bit
Size/Type

Reviewer

Drilling
Method

1696.58 msl

Groundwater
Level(s)

Geoprobe Macrocore

Screen
Perforation

Date(s) Drilled
and Installed

Air Rotary Drilling
Contractor Richard Simmons Drilling Co., Inc.

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 15.68 bgs N 10,895,609.2  E 3,602,458.4  Coordinates
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Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 4-inch
PVC

31.4-34.0 ft bgs;
slough and cave in
soils

SM

GM

Saprolite

LS

Silty SAND, moist

Cobbles, GRAVEL

Weathered rock, siltstone, and saprolite

Limestone with some weathered saprolite zones

Compotent Limestone bedrock, unweathered

Borehole Terminated at 34.0 ft bgs
54MW8 installed

MATERIAL  DESCRIPTION
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SAMPLES

B. Fisher12/9/2004

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

Air hammer/Roller bit

J. Spangler

Sampling
Method

1690.07 msl4-inch I. D. Schedule 40 PVC

Seal or
Backfill

34.0 feet

Drill Bit
Size/Type

Reviewer

Drilling
Method

1692.64 msl

Groundwater
Level(s)

Geoprobe Macrocore

Screen
Perforation

Date(s) Drilled
and Installed

Air Rotary Drilling
Contractor Parratt Wolff Drilling

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 15.16 bgs N 10,895,859.6   3,602,012.5    Coordinates
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Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 4-inch
PVC

ML

SM

GM

LS

7.5YR 3/3 dark brown, very fine sandy SILT, moist, loose,
micaceous

7.5 ft bgs; 7.5YR 4/3 brown, silty very fine SAND, moist, loose,
micaceous

Increasing moisture

12.5 ft bgs; 7.5YR 4/4 brown, fine to medium SAND with some
silt, moist, loose micaceous

15.0 ft bgs; 7.5YR 4/6 strong brown, silty medium SAND, very
moist, loose

17.3 ft bgs; medium SAND with little silt, wet, poorly graded
Gravel and cobbles, wet

Limestone bedrock, compotent

Weathered limestone and saprolite, not compotent at 26.0 ft bgs

Borehole Terminated at 28.5 ft bgs
54MW9 installed

MATERIAL  DESCRIPTION
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SAMPLES

B. Fisher12/8/2004

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

Air hammer/Roller bit

J. Spangler

Sampling
Method

1694.11 msl4-inch I. D. Schedule 40 PVC

Seal or
Backfill

28.5 feet

Drill Bit
Size/Type

Reviewer

Drilling
Method

1696.04 msl

Groundwater
Level(s)

Geoprobe Macrocore

Screen
Perforation

Date(s) Drilled
and Installed

Air Rotary Drilling
Contractor Parratt Wolff Drilling

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 18.43 bgs N 10,895,849.8  E 3,602,464.3  Coordinates
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Grout: 90%
Portland/10%
Bentonite

3/8-inch Hydrated
Bentonite Pellets

No. 1 Silica Quartz
Sandpack

Screen:  0.01-inch
Factory Slotted,
Sch 40, 4-inch
PVC

32.0-35.0 ft bgs;
slough and cave in
soils

SM

GM

LS

SS/SH

LS

Silty SAND

GRAVEL and Cobbles

Gray, Weathered limestone and saprolite

Siltstone and shale with some clay lenses

Weathered rock, silty, not competent

Borehole Terminated 35.0 ft bgs
54MW10 installed

MATERIAL  DESCRIPTION
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SAMPLES

B. Fisher12/13/2004

Size and Type
of Well Casing

Total Depth
of Borehole

0.010-inch

Top of Casing
Elevation
Approximate
Surface Elevation

Air hammer/Roller bit

J. Spangler

Sampling
Method

1688.90 msl4-inch I. D. Schedule 40 PVC

Seal or
Backfill

35.0 feet

Drill Bit
Size/Type

Reviewer

Drilling
Method

1691.10 msl

Groundwater
Level(s)

Geoprobe Macrocore

Screen
Perforation

Date(s) Drilled
and Installed

Air Rotary Drilling
Contractor Parratt Wolff Drilling

Bentonite Pellets/Bentonite - cement
grout

Geologist

Static 13.75 N 10,895,890.4  E 3,602,211.1  Coordinates
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3/8-inch bentonite pellets

10.8 ft bgs

Drill Bit
Size/Type

Reviewed By

4-foot x 2-inch macrocore

Macrocore disposable acetate
liner

Logged By

ND

Date(s)
Drilled

Borehole
Backfill

Geoprobe-Direct Push Technology

Ground Surface
Elevation

12.0 feet

Drill Rig
Type

4

SM

4 Collected 54SB77C
at 10.0-11.0 ft bgs.

4

3

2

1

ND

ND

ML

7.5YR 4/6 strong brown, silty SAND, fine, micaceous, loose

Richard Simmons Drilling

Borehole Terminated 12.0 ft bgs

Wet at 10.8 ft bgs

Collected 54SB77A
at 0.0-0.5 ft bgs.

Perched water at 5.1 - 5.6 ft bgs

Collected 54SB77B
at 7.0-8.0 ft bgs.

7.5YR 4/3 brown, fine sandy SILT, moist, medium stiff

Fine medium silty SAND

SAMPLES

Project Location: SWMU 54
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Project: Radford Army Ammunition Plant
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Project Number: 11656351 Sheet 1 of 1

Brett Fisher1/9/2007

Tractor Mounted Geoprobe Unit

Total Depth
of Borehole

NAGroundwater
Level(s)

Hammer
Data

Sampling
Method

Drilling
Method
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14.6 ft bgs

4-foot x 2-inch macrocoreDrill Bit
Size/Type
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Reviewed ByDate(s)
Drilled

ND

3/8-inch bentonite pelletsBorehole
Backfill

Geoprobe-Direct Push Technology

Ground Surface
Elevation

16.0 feet

Drill Rig
Type

Macrocore disposable acetate
liner

4

SM

ML

4

4

4

3

2

1

ND

ND

ND

4

Boring Terminated at 16.0 ft bgs

Wet at 14.6 ft bgs.

Less silt, loose, very fine SAND, micaceous

Same, 7.5YR 4/6 strong brown

7.5YR 4/3 brown, silty fine SAND, moist, micaceous

Collected 54SB78C
at 13.5-14.5 ft bgs.

Collected 54SB78B
at 9-10 ft bgs.

Collected 54SB78A
at 0.0-0.5 ft bgs.

7.5YR 3/4 dark brown, sandy SILT, moist, soft
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Project Location: SWMU 54
Project: Radford Army Ammunition Plant
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Brett Fisher1/9/2007

Tractor Mounted Geoprobe Unit

Total Depth
of Borehole

Drilling
Contractor

Groundwater
Level(s)

Hammer
Data

Sampling
Method

Drilling
Method

John Spangler

Richard Simmons Drilling
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3/8-inch bentonite pellets

10.6 ft bgs

Drill Bit
Size/Type

Reviewed By

4-foot x 2-inch macrocore

Macrocore disposable acetate
liner

Logged By

ND

Date(s)
Drilled

Borehole
Backfill

Geoprobe-Direct Push Technology

Ground Surface
Elevation

12.0 feet

Drill Rig
Type

4

SM

4
Collected 54SB79C
at 9.5-10.5 ft bgs.

4

3

2

1

ND

ND

ML

7.5YR 4/6 strong brown, silty fine SAND, moist, micaceous, soft, moist

Richard Simmons Drilling

Boring Terminated at 12.0 ft bgs

Wet at 10.6 ft bgs

Collected 54SB79A
at 0.0-0.5 ft bgs.

Perched water 5.0-6.0 ft bgs

Collected 54SB79B
at 7.0-8.0 ft bgs.

7.5YR 4/3 brown, very fine sandy SILT, moist, medium stiff

Same grading, less silt

SAMPLES

Project Location: SWMU 54
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y MATERIAL DESCRIPTION
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Project: Radford Army Ammunition Plant
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Project Number: 11656351 Sheet 1 of 1

Brett Fisher1/9/2007

Tractor Mounted Geoprobe Unit

Total Depth
of Borehole

NAGroundwater
Level(s)

Hammer
Data

Sampling
Method

Drilling
Method
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Reviewed ByLogged By

3/8-inch bentonite pellets

10.5 ft bgs

4-foot x 2-inch macrocoreDrill Bit
Size/Type

Borehole
Backfill

ND

Date(s)
Drilled

Macrocore disposable acetate
liner

Geoprobe-Direct Push Technology

Ground Surface
Elevation

12.0 feet

Drill Rig
Type

4

SM4

Collected 54SB80B
at 5.0-6.0 ft bgs.

4

3

2

1

ND

ND

ML

Richard Simmons Drilling

Boring Terminated at 12.0 ft bgs

Wet at 10.5 ft bgs

7.5YR 4/4 brown, silty fine SAND, micaceous

7.5YR 3/4 dark brown, SILT, with trace to little sand, moist, soft, elastic, grading
sandy with depth

Collected 54SB80A
at 0-0.5 ft bgs.

Collected 54SB80C
at 9.0-10.0 ft bgs.

7.5YR 4/4 brown, very fine sandy SILT, moist, micaceous, medium stiff
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Project Location: SWMU 54
Project: Radford Army Ammunition Plant
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N
um

be
r

SAMPLES

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Log of Borehole 54SB80

Project Number: 11656351 Sheet 1 of 1

Brett Fisher1/9/2007

Tractor Mounted Geoprobe Unit

Total Depth
of Borehole

Drilling
Contractor

Groundwater
Level(s)

Hammer
Data

Sampling
Method

Drilling
Method
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N 3,602,649.2 E 10,895,556.6Coordinates



Silt grades out at 3.8 ft bgs

Boring Refusal at 24.0 ft bgs.
Well graded gravel, fine to course, with little fines
10YR 4/2 dark grayish brown, sandy SILT with some clay, elastice, micaceous

7.5YR 4/6 strong brown SILT, sandy, sticky

Wet at 20.5 ft bgs

Grading more silt

7.5YR 4/6 strong brown, fine silty SAND, moist, loose, micaceous, no stains or
odor

Increasing silt
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ND

20.5 ft bgs

4-foot x 2-inch macrocoreDrill Bit
Size/Type

Reviewed By

4

SP

SM

4

4

4

3

3

3

4

GW

3

2

1

ND

ND

ND

ND

ND

5

Collected 54SB81C
at 19.0-20.0 ft bgs.

Collected 54SB81B
at 9.0-10.0 ft bgs.

Collected 54SB81A
at 0.0-0.5 ft bgs.

SM

ML

SAMPLES

Project: Radford Army Ammunition Plant
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3/8-inch bentonite pellets

Ground Surface
Elevation4-foot x 2-inch macrocoreDrill Bit
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Collected 54SB82B
at 9.0-10.0 ft bgs.7.5YR 4/4 brown, clayey SILT with some sand, very moist, very soft, elastic,

clay, slightly plastic

7.5YR 4/4 brown, very fine silty SAND, moist, loose
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Very fine to fine silty SAND, medium dense

Very fine silty SAND, very moist, soft, micaceous

Wet at 20.0 ft bgs

10YR 5/2 grayish brown, SAND

Very fine to medium GRAVEL with fine to coarse sand, trace coarse gravel

Boring Refusal at 24.0 ft bgs
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3/8-inch bentonite pellets

22.5 ft bgs

Drill Bit
Size/Type

Reviewed By

4-foot x 2-inch macrocore

Macrocore disposable acetate
liner

Logged By

ND

Date(s)
Drilled

Borehole
Backfill

Geoprobe-Direct Push Technology

Ground Surface
Elevation

24.0 feet

Drill Rig
Type

4

Collected 54SB83A
at 0.0-0.5 ft bgs.
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Very moist at 3.5 ft bgs

Richard Simmons Drilling

7.5YR 4/6 strong brown, very soft, very fine sandy SILT with some clay, very
moist, slightly elastic

7.5YR 4/6 strong brown, silty CLAY with some very fine sand

Collected 54SB83B
at 9.0-10.0 ft bgs.

7.5YR 4/4 brown SAND with trace to little silt, moist, fine, loose

7.5YR 3/4 dark brown, silty SAND, very moist, micaceous, loose

Sand grades to medium
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Boring Refusal at 24.0 ft bgs

7.5YR 4/6 strong brown, very soft, very fine sandy SILT with some clay, very
moist, slightly elastic

Strong brown, silty fine to medium SAND, very moist, loose, micaceous

Strong brown, very fine silty SAND, very moist, loose, micaceous

Strong brown silty CLAY, moist, slightly plastic, soft

Well graded GRAVEL, fine to coarse
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7.5YR 5/7 brown, SAND, wet, loose
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at 21.0-22.0 ft bgs.
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Boring Refusal at 17.6 ft bgs

Well graded GRAVEL, wet at 16.2 ft bgs

7.5YR 4/2 brown very fine sany SILT with some clay, micaceous, soft

7.5YR 4/4 brown, very fine SAND and SILT, with trace to little clay, moist

7.5YR 5/6 strong brown, silty fine SAND, micaceous, medium dense

7.5YR 1/4 brown SILT with trace to little sand, very moist, micaceous, soft

7.5YR 4/4 brown, fine sandy SILT, moist, soft, grading less silt
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3/8-inch bentonite pellets
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Type
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4-foot x 2-inch macrocoreDrill Bit
Size/Type

Reviewed By

4

GW

SM

ML

2

4

4

4

5

3

2

1

ND

ND

ND

ND

3

Collected 54SB84B
at 9.0-10.0 ft bgs.

Collected 54SB84C
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54MW4 FALLING HEAD

Data Set:  P:\...\54MW4FALL.aqt
Date:  06/19/07 Time:  16:26:36

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP SWMU 54
Test Well:  MW-4
Test Date:  03/06/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0005832 cm/sec
y0 = 3.514 ft

AQUIFER DATA

Saturated Thickness:  33.34 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-4)

Initial Displacement:  4.905 ft Casing Radius:  0.083 ft
Wellbore Radius:  0.333 ft Well Skin Radius:  0.333 ft
Screen Length:  15. ft Total Well Penetration Depth:  34.7 ft
Gravel Pack Porosity:  0.3
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54MW4 RISING HEAD

Data Set:  P:\...\54MW4RISE.aqt
Date:  06/19/07 Time:  16:31:57

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP SWMU 54
Test Well:  MW-4
Test Date:  03/06/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0005269 cm/sec
y0 = 3.6 ft

AQUIFER DATA

Saturated Thickness:  33.55 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-4)

Initial Displacement:  3.718 ft Casing Radius:  0.083 ft
Wellbore Radius:  0.333 ft Well Skin Radius:  0.333 ft
Screen Length:  15. ft Total Well Penetration Depth:  34.91 ft
Gravel Pack Porosity:  0.3
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54MW-5 FALLING HEAD

Data Set:  P:\...\54MW5FALL.aqt
Date:  06/19/07 Time:  16:45:28

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP
Test Well:  54MW5
Test Date:  3/6/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.00373 cm/sec
y0 = 2.729 ft

AQUIFER DATA

Saturated Thickness:  30.76 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-5)

Initial Displacement:  2.465 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  10. ft Total Well Penetration Depth:  10.37 ft
Gravel Pack Porosity:  0.3
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54MW-5 RISING HEAD

Data Set:  P:\...\54MW5RISE.aqt
Date:  06/19/07 Time:  16:32:46

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP
Test Well:  54MW5
Test Date:  3/6/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.003322 cm/sec
y0 = 2.813 ft

AQUIFER DATA

Saturated Thickness:  30.57 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (MW-5)

Initial Displacement:  2.737 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  10. ft Total Well Penetration Depth:  10.18 ft
Gravel Pack Porosity:  0.3
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54MW-6 FALLING HEAD

Data Set:  P:\...\54MW6FALL.aqt
Date:  06/19/07 Time:  16:28:36

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP
Test Well:  54MW6
Test Date:  3/6/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.004998 cm/sec
y0 = 2.23 ft

AQUIFER DATA

Saturated Thickness:  18.85 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW-6)

Initial Displacement:  1.93 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.333 ft Well Skin Radius:  0.333 ft
Screen Length:  15. ft Total Well Penetration Depth:  4.66 ft
Gravel Pack Porosity:  0.3
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54MW-6 RISING HEAD

Data Set:  P:\...\54MW6RISE.aqt
Date:  06/19/07 Time:  16:33:40

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP
Test Well:  54MW6
Test Date:  3/6/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.00476 cm/sec
y0 = 3.369 ft

AQUIFER DATA

Saturated Thickness:  18.95 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW-6)

Initial Displacement:  2.713 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.333 ft Well Skin Radius:  0.333 ft
Screen Length:  15. ft Total Well Penetration Depth:  4.76 ft
Gravel Pack Porosity:  0.3
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54MW-7 FALLING HEAD

Data Set:  P:\...\54MW7FALL.aqt
Date:  06/19/07 Time:  16:29:33

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP
Test Well:  54MW-7
Test Date:  3/6/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.000984 cm/sec
y0 = 2.172 ft

AQUIFER DATA

Saturated Thickness:  28.49 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW-7)

Initial Displacement:  3.115 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  10. ft Total Well Penetration Depth:  11.75 ft
Gravel Pack Porosity:  0.3
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54MW-7 RISING HEAD

Data Set:  P:\...\54MW7RISE.aqt
Date:  06/19/07 Time:  16:34:04

PROJECT INFORMATION

Company:  URS Corporation
Client:  USACE Balt. Dist.
Project:  09604-263-155
Test Location:  RFAAP
Test Well:  54MW-7
Test Date:  3/6/03

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0008645 cm/sec
y0 = 2.041 ft

AQUIFER DATA

Saturated Thickness:  28.34 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW-7)

Initial Displacement:  3.062 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  10. ft Total Well Penetration Depth:  11.6 ft
Gravel Pack Porosity:  0.3
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54MW8 FALLING HEAD

Data Set:  P:\...\54MW8FALL.aqt
Date:  06/19/07 Time:  16:30:20

PROJECT INFORMATION

Company:  URS Group
Client:  RFAAP
Project:  21355035
Test Location:  Radford, VA
Test Well:  54MW8
Test Date:  March 2, 2005

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.001587 cm/sec
y0 = 4.358 ft

AQUIFER DATA

Saturated Thickness:  32.4 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW10)

Initial Displacement:  4.912 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  15. ft Total Well Penetration Depth:  17.25 ft
Gravel Pack Porosity:  0.3
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54MW8 RISING HEAD

Data Set:  P:\...\54MW8RISE.aqt
Date:  06/19/07 Time:  16:34:30

PROJECT INFORMATION

Company:  URS Group
Client:  RFAAP
Project:  21355035
Test Location:  Radford, VA
Test Well:  54MW8
Test Date:  March 3, 2005

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.001957 cm/sec
y0 = 4.308 ft

AQUIFER DATA

Saturated Thickness:  31.96 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW8)

Initial Displacement:  3.986 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  15. ft Total Well Penetration Depth:  16.81 ft
Gravel Pack Porosity:  0.3
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54MW9 FALLING HEAD

Data Set:  P:\...\54MW9FALL.aqt
Date:  06/19/07 Time:  16:30:48

PROJECT INFORMATION

Company:  URS Group
Client:  RFAAP
Project:  21355035
Test Location:  Radford, VA
Test Well:  54MW9
Test Date:  March 3, 2005

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0002182 cm/sec
y0 = 3.385 ft

AQUIFER DATA

Saturated Thickness:  27.95 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW9)

Initial Displacement:  4.759 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  10. ft Total Well Penetration Depth:  11.08 ft
Gravel Pack Porosity:  0.3
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54MW9 RISING HEAD

Data Set:  P:\...\54MW9RISE.aqt
Date:  06/19/07 Time:  16:34:57

PROJECT INFORMATION

Company:  URS Group
Client:  RFAAP
Project:  21355035
Test Location:  Radford, VA
Test Well:  54MW9
Test Date:  March 2, 2005

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0003089 cm/sec
y0 = 4.399 ft

AQUIFER DATA

Saturated Thickness:  27.95 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW9)

Initial Displacement:  4.375 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  10. ft Total Well Penetration Depth:  11.08 ft
Gravel Pack Porosity:  0.3
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54MW10 FALLING HEAD

Data Set:  P:\...\54MW10FALL.aqt
Date:  06/19/07 Time:  16:31:23

PROJECT INFORMATION

Company:  URS Group
Client:  RFAAP
Project:  21355035
Test Location:  Radford, VA
Test Well:  54MW10
Test Date:  March 2, 2005

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0002929 cm/sec
y0 = 3.325 ft

AQUIFER DATA

Saturated Thickness:  31.21 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW10)

Initial Displacement:  4.812 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  15. ft Total Well Penetration Depth:  15.9 ft
Gravel Pack Porosity:  0.3
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54MW10 RISING HEAD

Data Set:  P:\...\54MW10RISE.aqt
Date:  06/19/07 Time:  16:35:22

PROJECT INFORMATION

Company:  URS Group
Client:  RFAAP
Project:  21355035
Test Location:  Radford, VA
Test Well:  54MW10
Test Date:  March 2, 2005

SOLUTION

Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

K  = 0.0002355 cm/sec
y0 = 3.658 ft

AQUIFER DATA

Saturated Thickness:  31.3 ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (54MW10)

Initial Displacement:  4.131 ft Casing Radius:  0.167 ft
Wellbore Radius:  0.458 ft Well Skin Radius:  0.458 ft
Screen Length:  15. ft Total Well Penetration Depth:  15.99 ft
Gravel Pack Porosity:  0.3
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FIELD SAMPLING DATA SHEETS
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NEW RIVER SEDIMENT SAMPLING 
November 2006 
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NEW RIVER SURFACE WATER AND PORE WATER SAMPLING 
November/December 2006 
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1st QUARTER GROUNDWATER SAMPLING 
November/December 2006 
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SOIL ADDITIONAL INVESTIGATIONS 
January 2007 
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2nd QUARTER GROUNDWATER SAMPLING 
March 2007 
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3rd QUARTER GROUNDWATER SAMPLING 
June 2007 



THIS PAGE LEFT INTENTIONALLY BLANK 
 























4th QUARTER GROUNDWATER SAMPLING 
September 2007 
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APPENDIX C.6 
 

SAMPLE LOCATION COORDINATES AND ELEVATIONS  
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Table C.6-1
Sample Coordinates - Soil  
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Elevation
Northing Easting Ground Surface

(msl)
Area A
54SB3 3602114.26 10895619.24 --
54SB10 3602183.40 10895655.46 --
54SB17 3602262.25 10895715.18 1696.35
54SB18 3602252.05 10895753.85 1698.98
54SB19 3602223.57 10895704.98 1696.15
54SB20 3602213.38 10895743.66 1698.88
54SB21 3602195.09 10895656.12 1696.04
54SB22 3602184.90 10895694.79 1696.98
54SB23 3602174.71 10895733.46 1699.31
54SB24 3602156.42 10895645.92 1696.17
54SB25 3602146.22 10895684.60 1696.66
54SB26 3602136.03 10895723.27 1698.88
54SB27 3602117.74 10895635.73 1696.56
54SB28 3602107.55 10895674.40 1697.68
54SB29 3062565.62 10897129.49 1698.88
54SB30 3602079.17 10895625.34 1696.76
54SB31 3602068.88 10895664.21 1697.87
54SB32 3602058.68 10895702.89 1699.07
54SB33 3602030.20 10895654.02 1696.44
54SB34 3602020.01 10895692.69 1698.03
54SB35 3602050.59 10895576.67 1696.63
54SB36 3602127.94 10895597.06 1696.31
54SB37 3602019.71 10895581.27 1696.09
54SB38 3601983.79 10895641.79 1696.31
54SB56 3602022.42 10895828.59 1685.05
54SB57 3602072.61 10895653.59 1697.03
54SB58 3602062.75 10895747.59 1700.43
54SB59 3602074.60 10895810.03 1688.97
54SB60 3602073.47 10895877.59 1693.89
54SB61 3602149.04 10895763.02 1702.06
54SB62 3602154.77 10895815.33 1700.91
54SB63 3602165.50 10895854.51 1692.13
54SB64 3602164.58 10895877.48 1694.40
54SB65 3602212.06 10895816.21 1701.31
54SB66 3602212.95 10895865.34 1692.12
54SB67 3602223.63 10895900.26 1711.14
54SB68 3602299.07 10895813.73 1701.11
54SB69 3602306.03 10895883.85 1690.61
54SB70 3602389.35 10895863.26 1711.68
54SB81 3601984.68 10895736.45 --
54SB82 3602040.49 10895724.76 --
54SB83 3602188.53 10895761.41 --
54SB84 3602097.59 10895586.79 --
54MW5 3602215.01 10895601.44 1695.72
54MW-8 3602211.14 10895601.34 1688.90
54MW-9 3602464.31 10895849.83 1694.11
54MW-10 3602012.49 10895859.27 1690.07

Coordinates

Boring

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table C.6-1
Sample Coordinates - Soil  
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Elevation
Northing Easting Ground Surface

(msl)

Coordinates

Boring
Area B
54SB39 3602415.70 10895439.24 1700.91
54SB40 3602415.70 10895499.23 1697.44
54SB41 3602475.69 10895379.25 1704.70
54SB42 3602475.69 10895439.36 1700.79
54SB43 3602475.69 10895499.23 1696.54
54SB44 3602535.69 10895379.25 1704.00
54SB45 3602535.69 10895439.24 1700.94
54SB46 3602533.75 10895499.23 1698.14
54SB47 3602535.69 10895559.22 1694.02
54SB48 3602595.37 10895439.24 1701.60
54SB49 3602595.68 10895499.23 1697.67
54SB50 3602595.68 10895559.22 1694.08
54SB51 3602455.70 10895399.24 1702.91
54SB52 3602515.69 10895339.25 1711.06
54SB53 3602495.69 10895559.22 1695.28
54SB54 3602595.68 10895419.24 1701.88
54SB55 3602635.67 10895499.23 1697.57
54SB71 3602496.44 10895561.97 1695.82
54SB72 3602472.76 10895504.67 1696.53
54SB73 3602536.52 10895565.75 1694.47
54SB74 3602597.01 10895563.67 1694.41
54SB75 3602534.78 10895440.71 1701.65
54SB76 3602530.31 10895500.44 1697.45
54SB77 3602703.53 10895497.43 --
54SB78 3602654.83 10895441.72 --
54SB79 3602669.51 10895498.19 --
54SB80 3602649.19 10895556.55 --
54MW4 3602558.11 10895625.67 1693.72
54MW6 3602505.43 10895234.04 1736.74
54MW7 3602457.87 10895608.99 1694.15
VI Borings
54MW1 3602191.70 10895353.65 1704.47
54MW1A 3602162.05 10895354.01 1704.04
54MW2 3602110.65 10895709.15 1697.82
54MW3 3602204.62 10895761.92 1699.58

Notes:
bgs = Below ground surface
msl = Mean sea level
Coordinate System is Virginia State Plane South.  Units are in feet.

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table C.6-2
Sample Coordinates - Sediment  

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Elevation
Northing Easting Ground Surface

(msl)
Sediment Locations
NR-SED-1 3599585.344 10885249.806 --
NR-SED-2 3600033.451 10886509.114 --
NR-SED-3 3600459.465 10888792.461 --
NR-SED-4 3600913.807 10888365.271 --
NR-SED-5 3600391.079 10890085.847 --
NR-SED-6 3599916.895 10890965.854 --
NR-SED-7 3600100.324 10891843.843 --
NR-SED-8 3599305.412 10892587.511 --
NR-SED-9 3599862.320 10893505.886 --
NR-SED-10 3599970.136 10894139.449 --
NR-SED-11 3600034.680 10894432.178 --
NR-SED-12 3600168.277 10894807.311 --
NR-SED-13 3600526.231 10895098.216 --
NR-SED-14 3601835.611 10895838.344 --
NR-SED-15 3602269.019 10895912.338 --
NR-SED-16 3604886.487 10895086.258 --
NR-SED-17 3604876.993 10894584.382 --
NR-SED-18 3605055.004 10893358.289 --
NR-SED-19 3604994.049 10891957.151 --
NR-SED-20 3604770.512 10890592.958 --
NR-SED-21 3602803.952 10881924.264 --
NR-SED-22 3601376.785 10880573.949 --
NR-SED-23 3601531.291 10880447.852 --

Notes:
bgs = Below ground surface
msl = Mean sea level
Coordinate System is Virginia State Plane South.  Units are in feet.

Coordinates

Sample ID

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table C.6-3
Sample Coordinates - Surface Water/Sediment Pore Water  

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Elevation
Northing Easting Ground Surface

(msl)
NR-SW/PW-1 3602479.094 10895962.640 --
NR-SW/PW-2 3602386.333 10895952.300 --
NR-SW/PW-3 3602306.527 10895951.582 --
NR-SW/PW-4 3602252.251 10895938.452 --
NR-SW/PW-5 3602207.388 10895935.085 --
NR-SW/PW-6 3602150.092 10895934.649 --
NR-SW/PW-7 3602051.153 10895916.634 --
NR-SW/PW-8 3602024.710 10895903.777 --
NR-SW/PW-9 3601932.491 10895892.101 --
NR-SW/PW-10 3601828.442 10895849.735 --

Notes:
msl = Mean sea level
Coordinate System is Virginia State Plane South.  Units are in feet.

Coordinates
Sampling 
Location

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



APPENDIX C.7 
 

INVESTIGATION-DERIVED MATERIAL 
ANALYTICAL RESULTS
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APPENDIX C.8 
 

SITE-SPECIFIC SSL CALCULATIONS
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AREA A SITE-SPECIFIC SSLs
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units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 5.15E-05 mg/L
Cw = Target Leachate Conc = 6.18E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.100E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 33.8 L/kg

Site-specific SSL = 2.103E-02 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 3.38E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for gamma-BHC (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 7.36E-06 mg/L
Cw = Target Leachate Conc = 8.83E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 8.590E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 52.6 L/kg

Site-specific SSL = 4.665E-03 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Heptachlor Epoxide (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 5.26E+03 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.35E-05 mg/L
Cw = Target Leachate Conc = 4.02E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.160E-02 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 756 L/kg

Site-specific SSL = 3.039E-01 mg/kg

Site-Specific SSL(s) for Aroclor 1254 (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 7.56E+04 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.35E-05 mg/L
Cw = Target Leachate Conc = 4.02E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.370E-02 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 2,070 L/kg

Site-specific SSL = 8.319E-01 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 2.07E+05 L/kg

Site-Specific SSL(s) for Aroclor 1260 (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 1.37E-02 mg/L
Cw = Target Leachate Conc = 1.64E-01 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.950E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 61.54 L/kg

Site-specific SSL = 1.013E+01 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 6.15E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for N-Nitrosodiphenylamine (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.70E-01 mg/L
Cw = Target Leachate Conc = 4.44E+00 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 7.440E-03 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 61.2 L/kg

Site-specific SSL = 2.727E+02 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 6.12E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Acenaphthene (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.00E-05 mg/L
Cw = Target Leachate Conc = 3.60E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.910E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 2,310 L/kg

Site-specific SSL = 8.317E-01 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(a)anthracene (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 2.31E+05 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.00E-06 mg/L
Cw = Target Leachate Conc = 3.60E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 7,870 L/kg

Site-specific SSL = 2.833E-01 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 7.87E+05 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(a)pyrene (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.00E-05 mg/L
Cw = Target Leachate Conc = 3.60E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.69E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 8,030 L/kg

Site-specific SSL = 2.891E+00 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(b)fluoranthene (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 8.03E+05 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.00E-05 mg/L
Cw = Target Leachate Conc = 3.60E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.39E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 7,870 L/kg

Site-specific SSL = 2.833E+00 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(k)fluoranthene (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 7.87E+05 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.00E-06 mg/L
Cw = Target Leachate Conc = 3.60E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 5.030E-06 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 26,200 L/kg

Site-specific SSL = 9.432E-01 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 2.62E+06 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Dibenz(a,h)anthracene (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 3.00E-05 mg/L
Cw = Target Leachate Conc = 3.60E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.420E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 26800 L/kg

Site-specific SSL = 9.648E+00 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Ideno(1,2,3-cd)pyrene (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 2.68E+06 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 6.50E-03 mg/L
Cw = Target Leachate Conc = 7.80E-02 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.800E-02 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.4 L/kg

Site-specific SSL = 1.452E+00 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.84E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Naphthalene (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 1.095 mg/L
Cw = Target Leachate Conc = 13.14 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.260E-07 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 10.87 L/kg

Site-specific SSL = 146.044 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1,087 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for 1,3,5-Trinitrobenzene (using Cw = T-RBC)



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.00183 mg/L
Cw = Target Leachate Conc = 0.02196 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.34 L/kg

Site-specific SSL = 0.408 mg/kg

Site-Specific SSL(s) for 2,4,6-TNT (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1,834 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.00010 mg/L
Cw = Target Leachate Conc = 0.00118 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.620E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 3.714 L/kg

Site-specific SSL = 0.005 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 371 L/kg

Site-Specific SSL(s) for DNT Mixture (50% 2,4-DNT, 50% 2,6-DNT) (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.073 mg/L
Cw = Target Leachate Conc = 0.876 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.610E-10 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.005 L/kg

Site-specific SSL = 1.095 mg/kg

Site-Specific SSL(s) for AminoDNTs (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 101 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 1.825 mg/L
Cw = Target Leachate Conc = 21.9 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.53 L/kg

Site-specific SSL = 411.16 mg/kg

Site-Specific SSL(s) for HMX (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1,853 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.0037 mg/L
Cw = Target Leachate Conc = 0.0444 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.040E-07 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.308 L/kg

Site-specific SSL = 0.069 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 130.8 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Site-Specific SSL(s) for Nitroglycerin (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 4.46E-10 mg/L
Cw = Target Leachate Conc = 5.36E-09 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.040E-03 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1,460 L/kg

Site-specific SSL = 7.824E-06 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.46E+05 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for 2,3,7,8-TCDD TEQ (using Cw = T-RBC)



AREA B SITE-SPECIFIC SSLs
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units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.94E-06 mg/L
Cw = Target Leachate Conc = 3.94E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.800E-03 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1,060 L/kg

Site-specific SSL = 4.177E-02 mg/kg

Site-Specific SSL(s) for Aldrin (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.06E+05 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 1.06E-05 mg/L
Cw = Target Leachate Conc = 1.06E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.990E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 33.8 L/kg

Site-specific SSL = 3.617E-03 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 3.38E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for alpha-BHC (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.72E-05 mg/L
Cw = Target Leachate Conc = 3.72E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.990E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 33.8 L/kg

Site-specific SSL = 1.266E-02 mg/kg

Site-Specific SSL(s) for beta-BHC (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 3.38E+03 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 4.20E-06 mg/L
Cw = Target Leachate Conc = 4.20E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.090E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 106 L/kg

Site-specific SSL = 4.461E-03 mg/kg

Site-Specific SSL(s) for Dieldrin (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.06E+04 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 5.15E-05 mg/L
Cw = Target Leachate Conc = 5.15E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.100E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 33.8 L/kg

Site-specific SSL = 1.753E-02 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 3.38E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for gamma-BHC (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 7.36E-06 mg/L
Cw = Target Leachate Conc = 7.36E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 8.590E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 52.6 L/kg

Site-specific SSL = 3.887E-03 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 5.26E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Heptachlor Epoxide (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.35E-05 mg/L
Cw = Target Leachate Conc = 3.35E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.160E-02 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 756 L/kg

Site-specific SSL = 2.532E-01 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Aroclor 1254 (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 7.56E+04 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.35E-05 mg/L
Cw = Target Leachate Conc = 3.35E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.370E-02 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 2,070 L/kg

Site-specific SSL = 6.932E-01 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 2.07E+05 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Aroclor 1260 (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.35E-03 mg/L
Cw = Target Leachate Conc = 3.35E-02 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.950E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 113 L/kg

Site-specific SSL = 3.791E+00 mg/kg

Site-Specific SSL(s) for Carbazole (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.13E+04 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 2.92E+01 mg/L
Cw = Target Leachate Conc = 2.92E+02 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.490E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.262 L/kg

Site-specific SSL = 4.327E+02 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Diethylphlalate (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.26E+02 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 1.37E-02 mg/L
Cw = Target Leachate Conc = 1.37E-01 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.950E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 61.54 L/kg

Site-specific SSL = 8.441E+00 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 6.15E+03 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for N-Nitrosodiphenylamine (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.00E-05 mg/L
Cw = Target Leachate Conc = 3.00E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.910E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 2,310 L/kg

Site-specific SSL = 6.931E-01 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(a)anthracene (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 2.31E+05 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.00E-06 mg/L
Cw = Target Leachate Conc = 3.00E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 7,870 L/kg

Site-specific SSL = 2.361E-01 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 7.87E+05 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(a)pyrene (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.00E-05 mg/L
Cw = Target Leachate Conc = 3.00E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.69E-05 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 8,030 L/kg

Site-specific SSL = 2.409E+00 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Benzo(b)fluoranthene (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 8.03E+05 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 1.095 mg/L
Cw = Target Leachate Conc = 10.95 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.260E-07 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 10.87 L/kg

Site-specific SSL = 121.703 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1,087 L/kg

Site-Specific SSL(s) for 1,3,5-Trinitrobenzene (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 0.00223 mg/L
Cw = Target Leachate Conc = 0.02232 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.34 L/kg

Site-specific SSL = 0.415 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for 2,4,6-TNT (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1,834 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 0.00010 mg/L
Cw = Target Leachate Conc = 0.00098 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.620E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 3.714 L/kg

Site-specific SSL = 0.004 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 371 L/kg

Site-Specific SSL(s) for DNT Mixture (50% 2,4-DNT, 50% 2,6-DNT) (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 0.073 mg/L
Cw = Target Leachate Conc = 0.730 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.610E-10 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.005 L/kg

Site-specific SSL = 0.912 mg/kg

Site-Specific SSL(s) for AminoDNTs (using Cw = T-RBC)
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Radford Army Ammunition Plant, Radford, Virginia

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 101 L/kg



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 1.825 mg/L
Cw = Target Leachate Conc = 18.25 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.53 L/kg

Site-specific SSL = 342.634 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for HMX (using Cw = T-RBC)

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1,853 L/kg



units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.00061 mg/L
Cw = Target Leachate Conc = 0.00731 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.760E-06 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.045 L/kg

Site-specific SSL = 0.009 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 104.5 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for RDX (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 0.00370 mg/L
Cw = Target Leachate Conc = 0.03700 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.040E-07 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.308 L/kg

Site-specific SSL = 0.057 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 130.8 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for Nitroglycerin (using Cw = T-RBC)



units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 4.46E-10 mg/L
Cw = Target Leachate Conc = 4.46E-09 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.040E-03 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1,460 L/kg

Site-specific SSL = 6.520E-06 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 1.46E+05 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant, Radford, Virginia
SWMU 54 RCRA Facility Investigation/Corrective Measures Study Report

Site-Specific SSL(s) for 2,3,7,8-TCDD TEQ (using Cw = T-RBC)



APPENDIX C.9 
 

SOIL BACKGROUND EVALUATIONS
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Table C.9-1
Background Statistics - Area A - Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter
Detection 
Frequency Mean Median Distribution

Detection 
Frequency Mean Median Distribution

F-Test
P-Value

F-test 
Result

Background 
Test Used P-value W Stat W Crit Site > Bkgd

Aluminum 28/28 8,300 6,705 Lognormal 25/25 11,408 10,700 Normal -- Mann-Whitney 0.0009 851.5 Yes
Antimony 0/14 -- -- Non-Parametric 13/22 0.4076 0.4250 Non-Parametric -- Mann-Whitney <0.0001 528.0 Yes
Arsenic 28/28 3.732 2.750 Lognormal 25/25 1.3296 1.3000 Normal -- Mann-Whitney 356.0 675 No
Barium 24/28 64.85 58.65 Normal 25/25 136.80 142.00 Normal 0.024 Unequal Mann-Whitney <0.0001 944.0 Yes

Beryllium 15/28 0.4879 0.6150 Non-Parametric 25/25 0.7116 0.7400 Non-Parametric Mann-Whitney 0.0291 781.5 Yes
Cadmium 2/28 0.0768 0.0200 Non-Parametric 6/25 0.2320 0.0300 Non-Parametric Mann-Whitney <0.0001 917.5 Yes
Calcium 23/28 984 762 Non-Parametric 25/25 3,020 1,700 Non-Parametric Mann-Whitney <0.0001 933.5 Yes

Chromium 28/28 21.09 22.40 Normal 25/25 18.932 18.100 Normal 0.000 Unequal Mann-Whitney 633.5 675 No
Cobalt 20/28 11.53 10.15 Non-Parametric 25/25 8.164 7.800 Lognormal Mann-Whitney 610.5 675 No
Copper 26/28 6.437 5.200 Normal 25/25 15.42 11.50 Lognormal Mann-Whitney 0.0002 875.5 Yes

Iron 28/28 20,107 19,750 Normal 25/25 19,036 18,500 Normal 0.000 Unequal Mann-Whitney 673.0 675 No
Lead 28/28 26.96 15.15 Non-Parametric 26/26 69.7 25.3 Lognormal Mann-Whitney 0.0159 839.5 Yes

Magnesium 25/28 2,231 741 Non-Parametric 25/25 2,944 2,930 Normal Mann-Whitney <0.0001 896 Yes
Manganese 28/28 696 490 Lognormal 25/25 548.5 528.0 Normal Mann-Whitney 0.3184 702 No

Mercury 3/28 0.0916 0.0600 Non-Parametric 25/25 0.0634 0.0430 Non-Parametric Mann-Whitney 620 675 No
Nickel 17/28 6.43 5.55 Normal 25/25 10.924 10.900 Normal 0.000 Unequal Mann-Whitney 0.0006 857.5 Yes

Potassium 22/28 625 318 Non-Parametric 25/25 1,176 1,120 Normal Mann-Whitney 0.0001 893 Yes
Selenium 2/28 0.2475 0.1550 Non-Parametric 23/25 0.9730 1.0000 Non-Parametric Mann-Whitney <0.0001 936 Yes

Silver 2/28 0.371 0.180 Non-Parametric 3/25 0.0828 0.0800 Non-Parametric Mann-Whitney 325 675 No
Sodium 1/28 18.54 11.70 Non-Parametric 21/25 170.4 177.0 Normal Mann-Whitney <0.0001 1014 Yes
Thallium 4/28 0.431 0.140 Non-Parametric 3/15 0.5020 0.5800 Non-Parametric Mann-Whitney 0.0018 443 Yes

Vanadium 28/28 33.89 33.80 Lognormal 25/25 28.23 25.10 Lognormal Mann-Whitney 615.5 675 No
Zinc 28/28 41.21 29.70 Lognormal 25/25 118.9 91.4 Lognormal Mann-Whitney <0.0001 955.5 Yes

Area A Surface Soil Data SetBackground Soil Data Set

Radford Army Ammuntion Plant
SWMU 54 RFI/CMS Report



Table C.9-2
Background Statistics - Area A - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter
Detection 
Frequency Mean Median Distribution

Detection 
Frequency Mean Median Distribution

F-Test
P-Value

F-test 
Result

Background 
Test Used P-value W Stat W Crit Site > Bkgd

Aluminum 79/79 14,128 11,900 Lognormal 50/50 11,420 10,850 Normal Mann-Whitney 3129.0 3250 No
Antimony 0/38 -- -- Non-Parametric 25/43 0.502 0.430 Non-Parametric Mann-Whitney <0.0001 2362.0 Yes
Arsenic 76/79 4.686 3.200 Non-Parametric 49/50 1.2144 1.2500 Normal Mann-Whitney 1574.0 3250 No
Barium 63/79 54.74 45.50 Non-Parametric 50/50 131.11 130.50 Normal Mann-Whitney <0.0001 4821.5 Yes

Beryllium 40/79 0.749 0.610 Non-Parametric 50/50 0.7275 0.7450 Non-Parametric Mann-Whitney 0.051 3586.5 No
Cadmium 14/79 0.2188 0.0200 Non-Parametric 9/50 0.2234 0.0500 Non-Parametric Mann-Whitney <0.0001 4340.0 Yes
Calcium 63/79 1111 534 Non-Parametric 50/50 2459 1585 Non-Parametric Mann-Whitney <0.0001 4737.0 Yes

Chromium 79/79 27.08 26.20 Normal 50/50 18.653 18.100 Normal 0.000 Unequal Mann-Whitney 2339.0 3250 No
Cobalt 57/79 16.34 11.40 Non-Parametric 50/50 8.279 8.150 Normal Mann-Whitney 2771.5 3250 No
Copper 77/79 11.67 8.60 Non-Parametric 50/50 13.50 11.55 Lognormal Mann-Whitney 0.0537 3583.5 No

Iron 79/79 26,980 25,200 Normal 50/50 18,516 17,950 Normal 0.000 Unequal Mann-Whitney 2266.5 3250 No
Lead 79/79 22.23 12.50 Non-Parametric 52/52 46.5 11.3 Non-Parametric Mann-Whitney 0.3420 3519.0 No

Magnesium 73/79 5,857 1,080 Non-Parametric 50/50 3,073 2,960 Lognormal Mann-Whitney 0.0002 3976.0 Yes
Manganese 79/79 470.2 359.0 Lognormal 50/50 517.6 519.0 Normal Mann-Whitney 0.0011 3886.5 Yes

Mercury 19/79 0.0796 0.0600 Non-Parametric 48/50 0.0613 0.0375 Non-Parametric Mann-Whitney 2419.5 3250 No
Nickel 63/79 14.19 9.40 Non-Parametric 50/50 11.346 11.350 Normal Mann-Whitney 0.1655 3451.5 No

Potassium 67/79 1476 618 Non-Parametric 50/50 1141.7 1100.0 Normal Mann-Whitney 0.0033 3813.0 Yes
Selenium 2/79 0.2720 0.1700 Non-Parametric 46/50 0.9299 0.9950 Non-Parametric Mann-Whitney <0.0001 4695.0 Yes

Silver 2/79 0.2599 0.1900 Non-Parametric 6/50 0.08276 0.08000 Non-Parametric Mann-Whitney 1275.0 3250 No
Sodium 6/79 23.88 12.10 Non-Parametric 46/50 169.9 168.0 Normal Mann-Whitney <0.0001 5103.5 Yes
Thallium 16/79 0.633 0.160 Non-Parametric 6/31 0.5058 0.5800 Non-Parametric Mann-Whitney 0.0003 2237.5 Yes

Vanadium 79/79 46.13 41.40 Normal 50/50 27.42 25.35 Lognormal Mann-Whitney 2044.5 3250 No
Zinc 79/79 54.71 29.80 Lognormal 50/50 90.87 65.80 Non-Parametric Mann-Whitney <0.0001 4456.5 Yes

Background Soil Data Set Area A Total Soil Data Set

Radford Army Ammuntion Plant
SWMU 54 RFI/CMS Report



Table C.9-3
Background Statistics - Area B - Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter
Detection 
Frequency Mean Median Distribution

Detection 
Frequency Mean Median Distribution

F-Test
P-Value

F-test 
Result

Background 
Test Used P-value W Stat W Crit Site > Bkgd

Aluminum 28/28 8,300 6,705 Lognormal 17/17 14,351 13,800 Normal -- Mann-Whitney <0.0001 563.5 Yes
Antimony 0/14 -- -- Non-Parametric 7/15 0.731 0.450 Non-Parametric -- Mann-Whitney <0.0001 330.0 Yes
Arsenic 28/28 3.732 2.750 Lognormal 17/17 1.565 1.200 Normal -- Mann-Whitney 211.5 391 No
Barium 24/28 64.85 58.65 Normal 17/17 145.4 132.0 Normal 0.953 Equal T-test <0.0001 Yes

Beryllium 15/28 0.4879 0.6150 Non-Parametric 17/17 0.7774 0.7500 Normal Mann-Whitney 0.0360 468.0 Yes
Cadmium 2/28 0.0768 0.0200 Non-Parametric 3/17 0.0982 0.0500 Non-Parametric Mann-Whitney <0.0001 570.5 Yes
Calcium 23/28 984 762 Non-Parametric 17/17 2,338 1,380 Non-Parametric Mann-Whitney 0.0013 520.0 Yes

Chromium 28/28 21.09 22.40 Normal 17/17 22.34 20.80 Lognormal Mann-Whitney 0.4166 400.5 No
Cobalt 20/28 11.53 10.15 Non-Parametric 17/17 8.776 8.500 Normal Mann-Whitney 363.0 391 No
Copper 26/28 6.437 5.200 Normal 17/17 30.4 13.0 Lognormal Mann-Whitney 0.0002 542.0 Yes

Iron 28/28 20,107 19,750 Normal 17/17 21,018 19,600 Normal 0.001 Unequal Mann-Whitney 0.2636 418.5 No
Lead 28/28 26.96 15.15 Non-Parametric 17/17 357 30 Lognormal Mann-Whitney 0.0518 461.0 No

Magnesium 25/28 2,231 741 Non-Parametric 17/17 3,454 3,140 Normal Mann-Whitney 0.0002 541.0 Yes
Manganese 28/28 696 490 Lognormal 17/17 536.2 480.0 Normal Mann-Whitney 389.0 391 No

Mercury 3/28 0.0916 0.0600 Non-Parametric 17/17 0.143 0.049 Lognormal Mann-Whitney 0.2280 423.0 No
Nickel 17/28 6.43 5.55 Normal 17/17 12.462 12.400 Normal 0.007 Unequal Mann-Whitney 0.0002 543.0 Yes

Potassium 22/28 625 318 Non-Parametric 17/17 1,678 1,610 Normal Mann-Whitney <0.0001 581.0 Yes
Selenium 2/28 0.2475 0.1550 Non-Parametric 17/17 1.317 1.250 Normal Mann-Whitney <0.0001 625.0 Yes

Silver 2/28 0.371 0.180 Non-Parametric 1/17 0.08882 0.08000 Non-Parametric Mann-Whitney 153.0 391 No
Sodium 1/28 18.54 11.70 Non-Parametric 16/17 271.8 198.0 Lognormal Mann-Whitney <0.0001 626.0 Yes

Vanadium 28/28 33.89 33.80 Lognormal 17/17 35.43 33.40 Lognormal Mann-Whitney 0.3496 408.0 No
Zinc 28/28 41.21 29.70 Lognormal 17/17 126.8 66.7 Non-Parametric Mann-Whitney <0.0001 577.5 Yes

Background Soil Data Set Area B Surface Soil Data Set

Radford Army Ammuntion Plant
SWMU 54 RFI/CMS Report



Table C.9-4
Background Statistics - Area B - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter
Detection 
Frequency Mean Median Distribution

Detection 
Frequency Mean Median Distribution

F-Test
P-Value

F-test 
Result

Background 
Test Used P-value W Stat W Crit Site > Bkgd

Aluminum 79/79 14,128 11,900 Lognormal 37/37 12,843 12,800 Normal Mann-Whitney 0.2358 2286.5 No
Antimony 0/38 -- -- Non-Parametric 13/30 1.242 0.430 Non-Parametric Mann-Whitney <0.0001 1600.5 Yes
Arsenic 76/79 4.686 3.200 Non-Parametric 36/37 1.364 1.100 Lognormal Mann-Whitney 1051.5 2164.5 No
Barium 63/79 54.74 45.50 Non-Parametric 37/37 122.62 103.00 Lognormal Mann-Whitney <0.0001 3202.0 Yes

Beryllium 40/79 0.749 0.610 Non-Parametric 37/37 0.6795 0.6500 Normal Mann-Whitney 0.2022 2304.5 No
Cadmium 14/79 0.2188 0.0200 Non-Parametric 4/37 0.0862 0.0400 Non-Parametric Mann-Whitney <0.0001 2915.5 Yes
Calcium 63/79 1111 534 Non-Parametric 37/37 2,549 1,200 Non-Parametric Mann-Whitney <0.0001 3021.0 Yes

Chromium 79/79 27.08 26.20 Normal 37/37 20.35 19.40 Lognormal Mann-Whitney 1623.5 2164.5 No
Cobalt 57/79 16.34 11.40 Non-Parametric 37/37 7.932 7.5 Normal Mann-Whitney 1785.5 2164.5 No
Copper 77/79 11.67 8.60 Non-Parametric 35/35 27.6 10.2 Lognormal Mann-Whitney 0.2390 2128.5 No

Iron 79/79 26,980 25,200 Normal 37/37 19,691 19,300 Normal 0.000 Unequal Mann-Whitney 1541.5 2164.5 No
Lead 79/79 22.23 12.50 Non-Parametric 37/37 251 11 Non-Parametric Mann-Whitney 2043.5 2164.5 No

Magnesium 73/79 5,857 1,080 Non-Parametric 37/37 3,742 3,280 Non-Parametric Mann-Whitney 0.0004 2730.0 Yes
Manganese 79/79 470.2 359.0 Lognormal 37/37 423.5 370.0 Normal Mann-Whitney 0.1315 2354.0 No

Mercury 19/79 0.0796 0.0600 Non-Parametric 32/37 0.101 0.033 Non-Parametric Mann-Whitney 1630.0 2164.5 No
Nickel 63/79 14.19 9.40 Non-Parametric 37/37 11.727 11.200 Normal Mann-Whitney 0.1423 2345.5 No

Potassium 67/79 1,476 618 Non-Parametric 37/37 1,699 1,630 Normal Mann-Whitney <0.0001 2875.5 Yes
Selenium 2/79 0.2720 0.1700 Non-Parametric 37/37 1.1459 1.1000 Normal Mann-Whitney <0.0001 3563.0 Yes

Silver 2/79 0.2599 0.1900 Non-Parametric 2/37 0.08784 0.08000 Non-Parametric Mann-Whitney 765.5 2164.5 No
Sodium 6/79 23.88 12.10 Non-Parametric 36/37 236.5 182.0 Non-Parametric Mann-Whitney <0.0001 3577.0 Yes

Vanadium 79/79 46.13 41.40 Normal 37/37 32.55 31.10 Normal 0.000 Unequal Mann-Whitney 1493.5 2164.5 No
Zinc 79/79 54.71 29.80 Lognormal 37/37 102.4 53.7 Non-Parametric Mann-Whitney <0.0001 2900.5 Yes

Background Soil Data Set Area B Total Soil Data Set

Radford Army Ammuntion Plant
SWMU 54 RFI/CMS Report



Table C.9-5
Aluminum Site and Outside Fence Means Comparison - Area A - Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

t-Test Site vs Background Comparison for Full Data Sets without NDs

Site

25 12

23 12

6620 5900

19400 17100

11408 12381

10700 13200

3576 3435

715.2 991.5

t-Test Critical

DF Value t (0.050) P-Value

35 -0.784 1.69 0.781

22.6 -0.795 1.714 0.783

P-Value

0.929

User Selected Options

From File   WorkSheet.wst

Full Precision   OFF

Confidence Coefficient   95%

Substantial Difference (S)   0

Area of Concern Data: Aluminum(site)

Background Data: Aluminum(outside fence)

Selected Null Hypothesis   Site or AOC Mean Less Than or Equal to Background Mean (Form 1)

Alternative Hypothesis   Site or AOC Mean Greater Than the Background Mean

Raw Statistics

Background

Number of Valid Samples   

Number of Distinct Samples   

Minimum   

Maximum   

Mean   

Median   

SD   

SE of Mean   

Site vs Background Two-Sample t-Test

H0: Mu of Site - Mu of Background <= 0

Method

Pooled (Equal Variance)

Satterthwaite (Unequal Variance)

Pooled SD 3532.048

Conclusion with Alpha = 0.050

  * Student t (Pooled) Test: Do Not Reject H0, Conclude Site <= Background

  * Satterthwaite Test: Do Not Reject H0, Conclude Site <= Background

Test of Equality of Variances

Conclusion with Alpha = 0.05

 * Two variances appear to be equal

Numerator DF Denominator DF F-Test Value

24 11 1.084

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table C.9-6
Manganese Site and Outside Fence Means Comparison - Area A - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Wilcoxon-Mann-Whitney Site vs Background Comparison Test for Full Data Sets without NDs

Site

50 36

47 35

220 224

909 3710

517.6 981.2

519 640

135 843.1

19.09 140.5

1994

-1.593

1.645

0.944

User Selected Options

From File   WorkSheet.wst

Full Precision   OFF

Confidence Coefficient   95%

Substantial Difference   0

Selected Null Hypothesis   Site or AOC Mean/Median Less Than or Equal to Background Mean/Median (Form 1)

Alternative Hypothesis   Site or AOC Mean/Median Greater Than Background Mean/Median

Area of Concern Data: Manganese(site)

Background Data: Manganese(outside fence)

Raw Statistics

Background

Number of Valid Samples    

Number of Distinct Samples    

Minimum    

Maximum    

Mean    

Median    

SD    

SE of Mean    

Wilcoxon-Mann-Whitney (WMW) Test

H0: Mean/Median of Site or AOC  <= Mean/Median of Background

Site Rank Sum W-Stat

WMW Test U-Stat

WMW Critical Value (0.050)

    P-Value >= alpha (0.05)

P-Value

Conclusion with Alpha = 0.05

    Do Not Reject H0, Conclude Site <= Background

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

General UCL Statistics for Full Data Sets

25 23

6620 8.798

19400 9.873

11408 9.296

10700 0.308

3576

0.313

0.653

0.936 0.964

0.918 0.918

12632 12816

14520

12684 15868

12648 18516

9.764

1168

488.2

438

0.0395 12585

434.7 12632

12581

0.336 12790

0.745 12738

0.114 12653

0.174 12664

14526

15875

18524

12717

12812

12632Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

ALUMINUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Number of Bootstrap Operations   2000

Full Precision   OFF

Confidence Coefficient   95%

User Selected Options

From File   P:\21355035 RFI Report (2007) SWMU 54\02_Deliverables\RFI Report 2007\Working Tables\Stats\ProUCL4.0\Area A



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 15

0.67 -0.4

2.5 0.916

1.33 0.229

1.3 0.342

0.464

0.349

0.914

0.926 0.97

0.918 0.918

1.488 1.516

1.733

1.5 1.908

1.491 2.252

8.018

0.166

400.9

355.5

0.0395 1.482

352.6 1.488

1.477

0.325 1.515

0.745 1.512

0.115 1.482

0.175 1.498

1.734

1.909

2.253

1.499

1.512

1.488Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

ARSENIC (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 25

1020 6.928

21500 9.976

3020 7.662

1700 0.704

4124

1.365

4.08

0.467 0.827

0.918 0.918

4431 3715

4469

5096 5238

4544 6750

1.407

2147

70.34

52.03

0.0395 4377

50.96 4431

4380

2.419 7155

0.761 8926

0.263 4533

0.178 5299

6615

8171

11227

4083

4169

6615Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

CALCIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 23

12 2.485

29.5 3.384

18.93 2.915

18.1 0.233

4.458

0.235

0.569

0.963 0.981

0.918 0.918

20.46 20.62

22.82

20.51 24.5

20.47 27.8

17.01

1.113

850.4

783.8

0.0395 20.4

779.4 20.46

20.32

0.193 20.54

0.743 20.55

0.0853 20.43

0.174 20.58

22.82

24.5

27.8

20.54

20.66

20.46Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

CHROMIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 19

5.8 1.758

16 2.773

8.164 2.07

7.8 0.239

2.197

0.269

1.888

0.832 0.921

0.918 0.918

8.916 8.898

9.863

9.064 10.61

8.943 12.06

15.18

0.538

758.8

695.9

0.0395 8.887

691.8 8.916

8.879

0.546 9.191

0.744 9.75

0.104 8.932

0.174 9.112

10.08

10.91

12.54

8.902

8.955

8.902Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

COBALT (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 25

3.9 1.361

84.1 4.432

15.42 2.466

11.5 0.686

15.81

1.026

3.655

0.586 0.948

0.918 0.918

20.83 20.1

24.17

23.09 28.26

21.22 36.29

1.79

8.613

89.51

68.7

0.0395 20.62

67.46 20.83

20.52

0.884 26.79

0.756 41.63

0.207 21.07

0.177 24.51

29.21

35.17

46.89

20.09

20.46

20.1Potential UCL to Use Use 95% H-UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

COPPER (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 22

13700 9.525

27200 10.21

19036 9.833

18500 0.208

4033

0.212

0.53

0.933 0.95

0.918 0.918

20416 20528

22505

20454 24008

20430 26961

21.17

899.3

1058

983.8

0.0395 20363

979 20416

20333

0.395 20527

0.743 20458

0.113 20352

0.174 20440

22552

24073

27061

20478

20580

20416Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

IRON (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

26 25

6.4 1.856

528 6.269

69.72 3.473

25.3 1.127

122.5

1.757

3.108

0.519 0.929

0.92 0.92

110.8 110.7

124.4

124.9 152.9

113.2 208.8

0.709

98.34

36.87

23.97

0.0398 109.2

23.28 110.8

107

1.797 206.8

0.783 294.8

0.216 110.8

0.178 132.8

174.4

219.8

308.8

107.2

110.4

110.7Potential UCL to Use Use 95% H-UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

LEAD (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 23

1880 7.539

5000 8.517

2944 7.958

2930 0.247

755.4

0.257

0.945

0.931 0.969

0.918 0.918

3202 3223

3582

3223 3859

3207 4402

14.95

196.9

747.7

685.3

0.0395 3193

681.2 3202

3190

0.302 3249

0.744 3270

0.107 3188

0.174 3197

3603

3887

4447

3212

3231

3202Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MAGNESIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 24

309 5.733

909 6.812

548.5 6.277

528 0.25

143.6

0.262

1.046

0.908 0.964

0.918 0.918

597.7 601.2

668.8

602.2 721

598.7 823.5

14.55

37.69

727.7

666.1

0.0395 595.8

662.1 597.7

594.8

0.511 608.5

0.744 610.7

0.148 596.6

0.174 604.8

673.7

727.9

834.3

599.2

602.9

599.2Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MANGANESE (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 20

0.017 -4.075

0.31 -1.171

0.0634 -3.028

0.043 0.645

0.0671

1.059

3.026

0.547 0.851

0.918 0.918

0.0863 0.0785

0.0943

0.0941 0.11

0.0877 0.14

1.795

0.0353

89.73

68.89

0.0395 0.0854

67.64 0.0863

0.0855

2.426 0.137

0.756 0.188

0.258 0.0856

0.177 0.0976

0.122

0.147

0.197

0.0825

0.084

0.122Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MERCURY (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 25

16 2.773

55.3 4.013

28.23 3.277

25.1 0.349

11.09

0.393

1.302

0.836 0.921

0.918 0.918

32.03 32.15

36.84

32.5 40.62

32.12 48.05

7.158

3.944

357.9

315.1

0.0395 31.88

312.3 32.03

31.76

0.976 32.94

0.746 32.23

0.177 32.05

0.175 32.39

37.9

42.08

50.29

32.07

32.35

32.03

32.12

32.15or 95% H-UCL

Potential UCL to Use Use 95% Student's-t UCL

or 95% Modified-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

General Statistics

Number of Valid Samples Number of Unique Samples

VANADIUM (mg/kg)



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 25

43.2 3.766

337 5.82

118.9 4.619

91.4 0.555

76.51

0.644

1.717

0.806 0.955

0.918 0.918

145.1 148.6

177.1

149.7 203

145.9 253.7

2.924

40.66

146.2

119.3

0.0395 144.1

117.6 145.1

143.3

0.608 154.6

0.751 162.4

0.134 144.1

0.176 151.6

185.6

214.4

271.1

145.7

147.8

145.7Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

ZINC (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

11 11

0.0377 -3.277

16.99 2.833

2.757 -0.508

0.766 2.024

5.029

1.824

2.692

0.604 0.951

0.85 0.85

5.506 132.8

11.86

6.567 15.64

5.711 23.07

0.372

7.419

8.177

2.838

0.0278 5.252

2.351 5.506

5.086

0.405 12.7

0.795 14.77

0.171 5.307

0.272 6.551

9.367

12.23

17.84

7.945

9.591

9.591Potential UCL to Use Use 95% Adjusted Gamma UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

Gamma Distribution Test Data Distribution

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Skewness

Relevant UCL Statistics

SD

Coefficient of Variation

Mean Mean of log Data

Median SD of log Data

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

2,3,7,8-TCDD TEQ HH/Mammalian (pg/g)

General Statistics



Table C.10-1
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

11 11

0.0133 -4.317

16.8 2.821

2.734 -1.096

0.283 2.453

5.279

1.931

2.36

0.598 0.943

0.85 0.85

5.619 851.3

14.35

6.562 19.1

5.807 28.44

0.296

9.229

6.517

1.91

0.0278 5.352

1.531 5.619

5.232

0.545 18.73

0.815 17.6

0.254 5.598

0.275 7.085

9.672

12.67

18.57

9.331

11.64

11.64Potential UCL to Use Use 95% Adjusted Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

General Statistics

Number of Valid Samples Number of Unique Samples

2,3,7,8-TCDD TEQ AVIAN (pg/g)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 6

6 19

76.00%

0.1 -2.303

1.6 0.47

0.837 -0.634

0.671 1.189

0.03 -3.507

0.05 -2.996

19

6

76.00%

0.851 0.861

0.788 0.788

0.216 -3.126

0.469 1.543

0.377 0.368

N/A

-4.128

2.519

0.211

0.472

0.378

0.424

0.73

1.147

8.757

0.49

0.712

0.712 0.277

0.339 0.435

0.0953

0.44

0.433

0.407

0.00937 0.448

2.284 1.328

0.983 0.64

0.959 0.692

0.71 0.872

1.027 1.225

0.957

51.33

35.88 0.44

1.406 0.64

1.442

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

CADMIUM (mg/kg)

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   P:\21355035 RFI Report (2007) SWMU 54\02_Deliverables\RFI Report 2007\Working Tables\Stats\ProUCL4.0\Area A

Full Precision   OFF

General UCL Statistics for Data Sets with Non-Detects

User Selected Options



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 23

13 2

8.00%

0.057 -2.865

2 0.693

1.053 -0.0773

0.394 0.679

0.0486 -3.024

0.0486 -3.024

0.916 0.621

0.914 0.914

0.971 -0.368

0.472 1.2

1.133 1.962

0.957 -0.17

0.495 0.726

1.127 0.992

1.131 0.432

1.131

1.119

3.531

0.298

162.4

1.888

0.749

0.749 0.974

0.182 0.458

0.0936

1.134

1.128

1.131

0.057 1.12

2 1.158

0.993 1.133

1 1.382

0.432 1.558

2.843 1.905

0.349

142.2

115.6 1.134

1.22 1.133

1.238

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

SELENIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Detected Data



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

25 3

3 22

88.00%

0.12 -2.12

0.2 -1.609

0.16 -1.854

0.04 0.256

0.26 -1.347

0.64 -0.446

25

0

100.00%

1 0.995

0.767 0.767

0.214 -1.612

0.0796 0.39

0.241 0.316

N/A

-1.854

0.198

0.16

0.0315

0.169

0.17

    N/A    

    N/A    

    N/A    

0.249

    N/A    

    N/A    0.16

    N/A    0.0327

0.0231

0.2

0.198

0.207

    N/A    0.221

    N/A    0.18

    N/A    0.2

    N/A    0.261

    N/A    0.304

    N/A    0.39

    N/A    

    N/A    

    N/A    0.2

    N/A    0.2

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

THALLIUM (mg/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

14 3

3 11

78.57%

2.1 0.742

26 3.258

10.73 1.804

13.26 1.303

0.39 -0.942

3.07 1.122

12

2

85.71%

0.812 0.932

0.767 0.767

2.881 0.0491

6.729 1.179

6.066 2.851

N/A

-2.204

2.574

2.363

6.902

5.895

8.332

    N/A    

    N/A    

    N/A    

0.399

    N/A    

    N/A    3.95

    N/A    6.137

2.009

7.508

7.254

6.649

    N/A    18.98

    N/A        N/A    

    N/A    26

    N/A    12.71

    N/A    16.5

    N/A    23.94

    N/A    

    N/A    

    N/A    7.508

    N/A    26

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Non-Detect Data

Percent Non-Detects

4,4'-DDT (ug/kg)

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

14 3

3 11

78.57%

28 3.332

200 5.298

97.67 4.268

90.53 0.986

6.8 1.917

9 2.197

11

3

78.57%

0.902 0.993

0.767 0.767

23.93 1.964

53.46 1.311

49.24 24.78

N/A

0.354

2.434

21.65

54.39

47.36

66.24

    N/A    

    N/A    

    N/A    

0.283

    N/A    

    N/A    42.93

    N/A    44.59

14.59

68.77

66.93

71.65

    N/A    79.31

    N/A    200

    N/A    200

    N/A    106.5

    N/A    134.1

    N/A    188.1

    N/A    

    N/A    

    N/A    68.77

    N/A    200

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

AROCLOR 1254 (ug/kg)

General Statistics

Number of Valid Samples Number of Detected Data



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 7

7 11

61.11%

57 4.043

320 5.768

169.6 5.009

86.48 0.564

380 5.94

420 6.04

18

0

100.00%

0.971 0.975

0.803 0.803

186.2 5.176

53.36 0.363

208.1 223.4

N/A

5.009

0.457

164.4

71.39

191.9

191.5

2.479

68.39

34.71

0.156

0.71

0.71 169.6

0.313 80.06

32.68

226.4

223.3

229.3

57 246.6

320 219.6

172.1 221.3

179.9 312

70.19 373.7

4.737 494.8

36.33

170.5

141.3 226.4

207.6 221.3

211.4

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

DI-N-OCTYLPHTHALATE (ug/kg)

General Statistics



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

13 9

9 4

30.77%

33 3.497

1600 7.378

343.8 5.046

505.3 1.301

5.9 1.775

5.9 1.775

0.665 0.916

0.829 0.829

238.9 3.826

443.9 2.18

458.3 1194

116.1 4.022

551.2 1.96

388.6 240.1

401.6 443.2

466.5

578.6

0.576

596.5

10.37

0.619

0.751

0.751 248.2

0.289 421.5

124

469.2

452.1

460.8

0 809.6

1600 510

243.1 476.2

66.25 788.7

441.8 1023

0.145 1482

1671

3.782

0.637 510

1442

1905

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

ACENAPHTHENE (ug/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 5

5 13

72.22%

22 3.091

1100 7.003

289.6 4.528

463.9 1.69

5.9 1.775

51 3.932

16

2

88.89%

0.692 0.853

0.762 0.762

86.19 2.393

259.9 1.772

192.8 94.37

N/A

0.689

3.017

81.33

261.4

200.3

306.7

0.353

820.6

3.529

0.566

0.708

0.708 96.62

0.371 249.3

65.7

210.9

204.7

197.4

0 3610

7615 306.7

1849 257.1

1036 383

2189 506.9

0.194 750.3

9546

6.974

2.156 210.9

5981

6757   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

ACENAPHTHYLENE (ug/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 7

7 11

61.11%

3.4 1.224

58 4.06

19.51 2.646

18.11 0.885

1.6 0.47

10 2.303

14

4

77.78%

0.778 0.971

0.803 0.803

8.531 1.093

14.09 1.488

14.31 9.112

33.64 1.074

16.95 1.539

40.59 8.446

47.87 14.1

14.14

17.24

1.057

18.46

14.8

0.304

0.719

0.719 9.743

0.316 13.06

3.328

15.53

15.22

14.79

0 19.94

58 21.67

24.94 19.11

20.33 24.25

17.64 30.53

0.394 42.86

63.33

14.18

6.692 15.53

52.82

56.99

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

BENZO(A)PYRENE (ug/kg)

General Statistics



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 9

9 9

50.00%

5.2 1.649

110 4.7

26.88 2.843

32.69 0.946

1.7 0.531

1.7 0.531

0.662 0.954

0.829 0.829

13.86 1.34

26.12 1.677

24.57 25.18

N/A

1.44

1.707

14.15

25.98

25.31

30.36

0.91

29.52

16.39

0.469

0.739

0.739 16.04

0.285 24.34

6.084

26.62

26.05

26.04

0 44.23

110 31.01

27.42 27.5

17.5 42.56

27.75 54.04

0.243 76.58

112.7

8.758

3.181 26.62

75.48

83.78

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

BENZO(B)FLUORANTHENE (ug/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 10

10 8

44.44%

4.5 1.504

210 5.347

38.61 2.878

62.33 1.236

2.4 0.875

2.4 0.875

0.587 0.928

0.842 0.842

21.98 1.68

49.22 1.646

42.17 53.07

N/A

1.335

2.107

21.82

49.3

41.95

55.61

0.605

63.8

12.1

0.621

0.756

0.756 23.45

0.276 47.22

11.73

43.86

42.75

43.34

0 88.77

210 47.53

31.47 45.44

14.5 74.59

49.01 96.72

0.18 140.2

174.4

6.496

1.898 47.53

107.7

122.4

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

CHRYSENE (ug/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 4

4 14

77.78%

16 2.773

36 3.584

26.25 3.207

10.21 0.409

4.2 1.435

10 2.303

14

4

77.78%

0.845 0.855

0.748 0.748

7.775 1.383

11.06 1.052

12.31 7.771

27.25 1.798

8.842 0.991

30.88 9.64

34.86 10.43

13.82

14.65

2.259

11.62

18.07

0.475

0.658

0.658 18.28

0.395 5.961

1.622

21.1

20.95

20.91

14.26 20.13

69.95     N/A    

42.3 34.22

44.28 25.35

17.26 28.41

4.411 34.42

9.591

158.8

130.7 21.1

51.41 34.22

    N/A

DIBENZO(A,H)ANTHRACENE (ug/kg)

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 5

4 13

72.22%

14 2.639

390 5.966

113.2 3.916

159.7 1.428

2.5 0.916

10 2.303

13

5

72.22%

0.731 0.899

0.762 0.762

32.75 1.4

92.92 1.801

70.85 35.03

N/A

-0.346

3.332

31.86

93.24

72.27

98.31

0.429

264.1

4.286

0.422

0.699

0.699 41.56

0.367 87.4

23.03

81.62

79.44

78.43

0 320.8

2345 110

573.8 98.89

363.8 142

693.7 185.4

0.275 270.7

2087

9.897

3.877 81.62

1465

1612

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

INDENO(1,2,3-CD)PYRENE (ug/kg)

General Statistics



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 9

8 9

50.00%

46 3.829

9400 9.148

1996 6.081

3504 1.821

14 2.639

51 3.932

10

8

55.56%

0.616 0.884

0.829 0.829

1004 4.154

2612 2.375

2074 12046

N/A

3.531

3.072

1001

2613

2055

2483

0.36

5547

6.478

0.98

0.784

0.784 1021

0.297 2531

632.8

2122

2062

2056

46 15745

9400 2240

1783 2110

855.2 3779

2483 4973

0.644 7318

2771

23.17

13.22 7318

3126

3305   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    99% KM (Chebyshev) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

NAPHTHALENE (ug/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 5

5 13

72.22%

19 2.944

120 4.787

42.6 3.468

43.36 0.748

8.5 2.14

51 3.932

17

1

94.44%

0.616 0.713

0.762 0.762

17.18 2.204

27.34 1.045

28.39 18.04

N/A

1.862

1.289

15.07

27.51

27

34.18

0.899

47.41

8.985

0.97

0.685

0.685 25.68

0.361 22.99

6.063

36.23

35.65

34.05

1.66 91.02

228.1 42.5

97.18 39.17

96.72 52.11

72.41 63.55

1.037 86.01

93.69

37.34

24.35 36.23

149 39.17

155.4

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (% Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

PHENANTHRENE (ug/kg)

General Statistics



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 13

12 5

27.78%

13 2.565

180 5.193

46.23 3.479

46.95 0.831

4.3 1.459

20 2.996

10

8

55.56%

0.725 0.917

0.866 0.866

34.42 2.811

44.07 1.353

52.49 80.15

5.757 2.97

71.11 1.123

34.92 34.97

44.48 43.66

52.76

57.98

1.249

37

32.48

0.625

0.75

0.75 37.06

0.241 41.09

10.08

54.6

53.64

54.4

0 70.65

180 54.72

37.04 55.44

21.94 81

42.83 100

0.354 137.4

104.6

12.75

5.723 55.44

82.5

89.48   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (Percentile Bootstrap) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   95% MLE (t) UCL Mean in Original Scale

   95% MLE (Tiku) UCL SD in Original Scale

Mean Mean in Log Scale

SD SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

PYRENE (ug/kg)



Table C.10-2
EPC Calculation Results - Area A Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

29 4

4 25

86.21%

0.43 -0.844

130 4.868

33.73 1.373

64.19 2.467

0.051 -2.976

0.16 -1.833

25

4

86.21%

0.646 0.902

0.748 0.748

4.709 -2.251

24.1 1.744

12.32 0.742

N/A

-10.8

7.062

4.654

24.12

13.56

22.57

0.246

137

1.97

0.561

0.702

0.702 5.023

0.417 23.62

5.065

13.64

13.36

11.97

0 276.5

255.3     N/A    

44.5 18.43

3.451 27.1

68.85 36.66

0.1 55.42

444.3

5.808

1.543 13.64

167.5

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

2,4,6-TRINITROTOLUENE (mg/kg)

General Statistics



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

51 45

5550 8.622

19400 9.873

11480 9.31

11000 0.28

3180

0.277

0.482

0.118 0.0735

0.124 0.124

12227 12324

13486

12245 14351

12232 16050

12.58

912.3

1284

1201

0.0453 12213

1199 12227

12212

0.233 12252

0.749 12233

0.0816 12244

0.124 12283

13421

14261

15911

12266

12289

12227Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

General Statistics

Number of Valid Samples Number of Unique Samples

ALUMINUM (mg/kg)

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   WorkSheet_a.wst

Full Precision   OFF

General UCL Statistics for Full Data Sets

User Selected Options



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

51 42

9.7 2.272

29.5 3.384

18.72 2.905

18.1 0.225

4.085

0.218

0.235

0.07 0.0804

0.124 0.124

19.68 19.8

21.33

19.68 22.46

19.68 24.67

19.64

0.953

2003

1900

0.0453 19.66

1897 19.68

19.64

0.171 19.73

0.748 19.73

0.0673 19.66

0.124 19.74

21.21

22.29

24.41

19.73

19.76

19.68Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

CHROMIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

51 38

4.7 1.548

16 2.773

8.332 2.095

8.2 0.224

1.944

0.233

1.174

0.0911 0.0657

0.124 0.124

8.789 8.801

9.478

8.828 9.975

8.796 10.95

19.04

0.438

1942

1841

0.0453 8.78

1838 8.789

8.772

0.281 8.856

0.748 8.892

0.061 8.793

0.124 8.831

9.519

10.03

11.04

8.791

8.805

8.789Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

COBALT (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

51 42

10100 9.22

27200 10.21

18610 9.811

18000 0.208

3808

0.205

0.259

0.0755 0.0599

0.124 0.124

19503 19593

21004

19508 22037

19507 24066

22.69

820.1

2314

2204

0.0453 19487

2201 19503

19471

0.21 19526

0.748 19456

0.064 19486

0.124 19527

20934

21940

23915

19545

19573

19503Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

IRON (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

53 48

4.4 1.482

528 6.269

45.85 2.912

10.9 1.168

94.06

2.052

3.907

0.33 0.182

0.122 0.122

67.49 54.38

66.31

74.51 79.58

68.64 105.6

0.641

71.53

67.94

49.97

0.0455 67.1

49.54 67.49

67.16

4.981 93.44

0.8 156.6

0.246 69.32

0.128 76.08

102.2

126.5

174.4

62.34

62.88

126.5Potential UCL to Use Use 97.5% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

LEAD (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

51 48

220 5.394

909 6.812

520.6 6.221

519 0.269

135.4

0.26

0.548

0.107 0.0946

0.124 0.124

552.4 557.6

608.3

553.3 646

552.6 720

13.94

37.34

1422

1336

0.0453 551.8

1333 552.4

550.9

0.409 554.1

0.749 554.5

0.0876 551.4

0.124 552.6

603.2

639

709.2

554.3

555.3

552.4Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MANGANESE (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

51 47

14.6 2.681

55.3 4.013

27.51 3.269

25.4 0.297

9.018

0.328

1.391

0.169 0.112

0.124 0.124

29.63 29.57

32.51

29.85 34.7

29.67 39

10.48

2.624

1069

994.5

0.0453 29.59

992.4 29.63

29.6

1.015 29.94

0.75 29.94

0.132 29.71

0.124 29.95

33.01

35.4

40.07

29.58

29.64

29.63

29.67

29.57or 95% H-UCL

Potential UCL to Use Use 95% Student's-t UCL

or 95% Modified-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

Lilliefors Critical Value Lilliefors Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

VANADIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-3
EPC Calculation Results - Area A Total Soil

ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

23 23

0.0286 -3.554

16.99 2.833

1.635 -1.3

0.106 1.839

3.763

2.301

3.47

0.485 0.876

0.914 0.914

2.983 6.591

3.89

3.532 5.032

3.077 7.275

0.352

4.643

16.2

8.105

0.0389 2.926

7.691 2.983

2.861

2.221 4.982

0.833 6.964

0.259 2.967

0.195 3.837

5.056

6.535

9.443

3.269

3.445

9.443

2,3,7,8-TCDD TEQ (pg/g)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

44 26

22 18

40.91%

0.04 -3.219

4.8 1.569

0.535 -1.181

0.892 1.059

0.4 -0.916

0.46 -0.777

32

12

72.73%

0.39 0.834

0.92 0.92

0.404 -1.327

0.698 0.827

0.581 0.436

N/A

-1.546

0.967

0.373

0.709

0.585

0.691

0.941

0.569

48.92

2.116

0.773

0.773 0.392

0.176 0.699

0.11

0.576

0.572

0.575

0.04 0.826

4.8 0.628

0.536 0.591

0.48 0.87

0.681 1.077

1.561 1.483

0.343

137.4

111.3 0.87

0.661

0.666   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (Chebyshev) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

ANTIMONY (mg/kg)

General Statistics

Number of Valid Samples Number of Detected Data

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   WorkSheet_a.wst

Full Precision   OFF

General UCL Statistics for Data Sets with Non-Detects

User Selected Options



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

51 50

27 1

1.96%

0.33 -1.109

2.5 0.916

1.228 0.136

0.45 0.387

0.26 -1.347

0.26 -1.347

0.963 0.974

0.947 0.947

1.206 0.0937

0.472 0.489

1.317 1.356

1.206 0.117

0.469 0.407

1.316 1.212

1.316 0.46

1.317

1.319

6.979

0.176

697.9

0.305

0.752

0.752 1.21

0.125 0.459

0.0649

1.319

1.317

1.317

0 1.332

2.5 1.323

1.204 1.317

1.2 1.493

0.478 1.615

1.172 1.856

1.027

119.5

95.28 1.319

1.51 1.317

1.52   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   95% MLE (t) UCL Mean in Original Scale

   95% MLE (Tiku) UCL SD in Original Scale

Mean Mean in Log Scale

SD SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Lilliefors Critical Value 5% Lilliefors Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Lilliefors Test Statistic Lilliefors Test Statistic

UCL Statistics

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

ARSENIC (mg/kg)

General Statistics



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

31 5

5 26

83.87%

1.9 0.642

290 5.67

131.9 3.707

134 2.26

0.26 -1.347

4.15 1.423

27

4

87.10%

0.87 0.859

0.762 0.762

21.78 -0.232

69.3 2.109

42.9 14.03

N/A

-4.619

4.404

21.28

69.46

43.04

50.57

0.347

379.6

3.474

0.425

0.709

0.709 22.86

0.371 67.84

13.62

45.98

45.27

41.09

1.9 45.9

290 253.9

131.3 130.6

121.7 82.24

66.65 107.9

2.021 158.4

64.97

125.3

100.5 45.98

163.8 130.6

165.9   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

HEPTACHLOR EPOXIDE (ug/kg)

General Statistics

Number of Valid Samples Number of Detected Data



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

31 3

3 28

90.32%

28 3.332

200 5.298

97.67 4.268

90.53 0.986

6.8 1.917

9 2.197

28

3

90.32%

0.902 0.993

0.767 0.767

12.95 1.63

36.62 0.919

24.11 8.754

123.8 -2.007

73.92 2.776

146.4 9.701

194.4 37.46

22.47

32.48

    N/A    

    N/A    

    N/A    

0.283

    N/A    

    N/A    34.74

    N/A    30.87

6.791

46.27

45.91

59.22

    N/A    50.94

    N/A        N/A    

    N/A    200

    N/A    64.34

    N/A    77.15

    N/A    102.3

    N/A    

    N/A    

    N/A    46.27

    N/A    200

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

AROCLOR 1254 (ug/kg)

General Statistics



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

36 12

12 24

66.67%

31 3.434

385 5.953

165 4.787

121.2 0.9

380 5.94

420 6.04

36

0

100.00%

0.915 0.917

0.859 0.859

188.5 5.128

70.21 0.561

208.2 237.8

N/A

4.749

0.729

146.9

100.2

175

176.1

1.342

122.9

32.22

0.336

0.744

0.744 161

0.249 113.2

33.4

217.4

215.9

219

31 226.9

385 215.2

174.8 216.7

180.1 306.6

88.16 369.6

2.952 493.3

59.21

212.5

179.8 217.4

206.6 216.7

208.2   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

DI-N-OCTYLPHTHALATE (ug/kg)



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

36 17

15 19

52.78%

3.6 1.281

350 5.858

40.46 2.787

82.43 1.243

2.2 0.788

10 2.303

26

10

72.22%

0.46 0.93

0.892 0.892

20.01 1.493

59.1 1.554

36.65 11.79

N/A

1.017

2.077

19.61

59.22

38.14

53.13

0.588

68.8

19.99

1.151

0.784

0.784 21.06

0.218 57.94

9.954

37.88

37.44

37.61

0 83.88

350 40.85

43.25 39.17

16 64.45

67.05 83.23

0.156 120.1

278.1

11.2

4.703 40.85

103

107.3

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

BENZO(A)ANTHRACENE (ug/kg)

General Statistics



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

36 13

13 23

63.89%

2 0.693

675 6.515

68.48 2.744

183 1.528

1.6 0.47

10 2.303

29

7

80.56%

0.384 0.922

0.866 0.866

25.82 1.102

112 1.655

57.35 11.69

N/A

-0.0835

2.681

25.03

112.1

61.86

82.5

0.388

176.5

10.09

1.501

0.802

0.802 26.12

0.252 110.3

19.14

58.46

57.61

57.3

0 312.3

1126 65.48

195.3 62.92

33.31 109.6

286.1 145.7

0.141 216.6

1384

10.16

4.042 145.7

490.8

513   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2  97.5% KM (Chebyshev) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

BENZO(A)PYRENE (ug/kg)



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

36 15

13 21

58.33%

4.9 1.589

725 6.586

75.45 3.044

183 1.427

1.7 0.531

10 2.303

27

9

75.00%

0.419 0.885

0.881 0.881

32.17 1.272

121.6 1.812

66.39 16.5

N/A

0.616

2.543

31.85

121.6

72.27

96.44

0.442

170.7

13.26

1.522

0.794

0.794 34.32

0.234 119.3

20.58

69.09

68.17

68.23

0 202.7

725 73.61

139.3 73.77

36.01 124

200.4 162.9

0.159 239.1

874.6

11.47

4.88 73.61

327.5

341.1

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

BENZO(B)FLUORANTHENE (ug/kg)

General Statistics



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

36 6

6 30

83.33%

16 2.773

681 6.524

136 3.792

267.1 1.377

4.2 1.435

10 2.303

30

6

83.33%

0.525 0.714

0.788 0.788

24.81 1.369

112.9 1.251

56.59 9.763

N/A

-1.429

3.337

23.17

113.2

60.46

80.38

0.39

348.9

4.678

1.235

0.732

0.732 36

0.347 109.1

19.92

69.66

68.77

65.08

0 560.7

22340 92.17

5412 73.17

2469 122.8

6522 160.4

0.246 234.2

22028

17.69

9.167 92.17

10444

10771   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (BCA) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

DIBENZO(A,H)ANTHRACENE (ug/kg)



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

36 7

6 29

80.56%

5.9 1.775

517 6.248

155.6 3.944

209.8 1.74

2.5 0.916

10 2.303

30

6

83.33%

0.753 0.918

0.803 0.803

31.66 1.099

106.6 1.647

61.67 14.83

N/A

-2.266

4.207

30.5

106.9

61.89

73.48

0.418

372.1

5.853

0.46

0.748

0.748 35

0.326 104.1

18.74

66.67

65.83

60.67

0 170.3

11539 90.58

2886 73.03

1412 116.7

3397 152.1

0.258 221.5

11172

18.6

9.825 66.67

5463

5629

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

INDENO(1,2,3-CD)PYRENE (ug/kg)

General Statistics



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

60 8

8 52

86.67%

0.43 -0.844

130 4.868

22.16 1.491

44.39 1.951

0.051 -2.976

0.16 -1.833

52

8

86.67%

0.564 0.948

0.818 0.818

3.011 -2.26

17.06 1.693

6.692 0.477

N/A

-7.447

5.275

2.964

17.07

7.166

9.74

0.338

65.49

5.413

0.569

0.778

0.778 3.327

0.313 16.87

2.328

7.217

7.156

6.834

0 25.71

180.1 8.853

37.94 7.978

12.66 13.47

50.88 17.86

0.107 26.49

354.5

12.84

5.786 7.217

84.19

85.93   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Lilliefors Critical Value 5% Lilliefors Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Lilliefors Test Statistic Lilliefors Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

2,4,6-TRINITROTOLUENE (mg/kg)



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

60 3

3 57

95.00%

0.4 -0.916

17 2.833

6.107 0.611

9.437 1.969

0.073 -2.617

0.12 -2.12

57

3

95.00%

0.773 0.907

0.767 0.767

0.357 -2.76

2.188 0.883

0.829 0.102

N/A

-15.91

7.579

0.306

2.196

0.866

1.424

    N/A    

    N/A    

    N/A    

0.441

    N/A    

    N/A    0.685

    N/A    2.125

0.336

1.247

1.238

1.145

    N/A    7.369

    N/A    17

    N/A    17

    N/A    2.15

    N/A    2.784

    N/A    4.028

    N/A    

    N/A    

    N/A    1.247

    N/A    17

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

5% Lilliefors Critical Value 5% Lilliefors Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

2,4-DINITROTOLUENE (mg/kg)

General Statistics



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

60 2

2 58

96.67%

1.1 0.0953

11 2.398

6.05 1.247

7 1.628

0.099 -2.313

0.19 -1.661

58

2

96.67%

1 1

    N/A        N/A    

0.282 -2.393

1.413 0.762

0.587 0.132

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.357

    N/A    

    N/A    1.265

    N/A    1.267

0.231

1.652

1.646

7.694

    N/A    1.8E+308

    N/A    11

    N/A    11

    N/A    2.274

    N/A    2.71

    N/A    3.567

    N/A    

    N/A    

    N/A    2.274

    N/A    

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (Chebyshev) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Lilliefors Critical Value 5% Lilliefors Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Lilliefors Test Statistic Lilliefors Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

2,6-DINITROTOLUENE (mg/kg)



Table C.10-4
EPC Calculation Results - Area A Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

60 3

3 57

95.00%

0.495 -0.703

28 3.332

10.17 1.111

15.46 2.048

0.099 -2.313

0.19 -1.661

57

3

95.00%

0.791 0.97

0.767 0.767

0.587 -2.34

3.608 0.922

1.366 0.161

N/A

-16.35

8.011

0.509

3.619

1.442

2.35

    N/A    

    N/A    

    N/A    

0.355

    N/A    

    N/A    0.979

    N/A    3.523

0.557

1.91

1.895

2.083

    N/A    7.084

    N/A        N/A    

    N/A    28

    N/A    3.407

    N/A    4.458

    N/A    6.522

    N/A    

    N/A    

    N/A    1.91

    N/A    28

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic Lilliefors Test Statistic

5% Lilliefors Critical Value 5% Lilliefors Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

DNT Mix (mg/kg)

General Statistics



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 16

8690 9.07

22600 10.03

14351 9.548

13800 0.224

3206

0.223

0.705

0.936 0.949

0.892 0.892

15708 15909

17773

15772 19253

15730 22159

17.86

803.6

607.2

551

0.0346 15630

545.4 15708

15599

0.414 15804

0.738 16396

0.184 15583

0.209 15665

17740

19207

22088

15813

15976

15708Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

General Statistics

Number of Valid Samples Number of Unique Samples

ALUMINUM (mg/kg)

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   WorkSheet_a.wst

Full Precision   OFF

General UCL Statistics for Full Data Sets

User Selected Options



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 16

0.44 -0.821

5.1 1.629

1.565 0.258

1.2 0.621

1.124

0.718

2.135

0.795 0.986

0.892 0.892

2.041 2.197

2.613

2.164 3.074

2.065 3.979

2.331

0.671

79.26

59.75

0.0346 2.014

57.97 2.041

2.012

0.288 2.424

0.746 4.183

0.132 2.014

0.211 2.142

2.754

3.268

4.278

2.076

2.14

2.076Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

ARSENIC (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples
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Radford Army Ammunition Plant, Radford, Virginia
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636 6.455

14900 9.609

2338 7.345

1380 0.761

3409

1.458

3.548

0.468 0.81

0.892 0.892

3782 3234

3769

4458 4524

3900 6005

1.157

2022

39.32

25.96

0.0346 3698

24.82 3782

3646

2.113 10744

0.759 9610

0.351 3875

0.214 4700

5942

7501

10564

3542

3704

5942Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

CALCIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
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Radford Army Ammunition Plant, Radford, Virginia
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14.8 2.695

41.6 3.728

22.34 3.077

20.8 0.24

6.227

0.279

2.092

0.78 0.888

0.892 0.892

24.97 24.91

27.99

25.64 30.46

25.1 35.32

14.04

1.591

477.3

427.6

0.0346 24.82

422.7 24.97

24.76

0.958 27.09

0.738 40.48

0.228 24.91

0.209 25.64

28.92

31.77

37.36

24.93

25.22

24.97

25.1

Potential UCL to Use Use 95% Student's-t UCL

or 95% Modified-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

CHROMIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
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Radford Army Ammunition Plant, Radford, Virginia

17 16

6.1 1.808

12.2 2.501

8.776 2.149

8.5 0.22

1.954

0.223

0.474

0.937 0.955

0.892 0.892

9.604 9.707

10.83

9.614 11.72

9.613 13.46

18.15

0.483

617.3

560.6

0.0346 9.556

555 9.604

9.524

0.28 9.683

0.738 9.589

0.102 9.482

0.209 9.594

10.84

11.74

13.49

9.663

9.761

9.604Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

General Statistics

Number of Valid Samples Number of Unique Samples

COBALT (mg/kg)



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia
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3.3 1.194

195 5.273

30.4 2.789

13 1.035

47.29

1.556

3.036

0.558 0.926

0.892 0.892

50.42 56.38

58.8

58.29 72.75

51.83 100.2

0.806

37.73

27.39

16.45

0.0346 49.26

15.57 50.42

49.16

1.325 143.5

0.769 107.1

0.287 50.98

0.216 60.46

80.39

102

144.5

50.6

53.48

58.8Potential UCL to Use Use 95% Chebyshev (MVUE) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

COPPER (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples
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ProUCL 4.0 for Full Data Sets 
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Radford Army Ammunition Plant, Radford, Virginia
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13200 9.488

35100 10.47

21018 9.928

19600 0.228

5014

0.239

1.201

0.911 0.961

0.892 0.892

23141 23330

26103

23396 28309

23200 32641

16.7

1258

567.9

513.7

0.0346 23018

508.2 23141

22963

0.352 23837

0.738 25168

0.147 23082

0.209 23400

26319

28612

33118

23238

23486

23141Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

IRON (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
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Radford Army Ammunition Plant, Radford, Virginia

17 16

7.4 2.001

3610 8.191

356.8 3.867

29.8 1.818

921.5

2.583

3.25

0.438 0.848

0.892 0.892

747 1596

662.6

912.6 861.8

776.3 1253

0.316

1127

10.76

4.421

0.0346 724.4

4.003 747

717.7

2.23 3980

0.834 3182

0.312 750.1

0.226 983.2

1331

1753

2581

868.1

958.8

2581Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

LEAD (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
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Radford Army Ammunition Plant, Radford, Virginia
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1120 7.021

9040 9.109

3454 8.042

3140 0.467

1782

0.516

1.982

0.832 0.975

0.892 0.892

4208 4384

5192

4387 5949

4243 7435

4.101

842.2

139.4

113.1

0.0346 4165

110.7 4208

4143

0.32 4595

0.742 7842

0.122 4229

0.21 4376

5338

6153

7754

4256

4351

4256Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MAGNESIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples
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ProUCL 4.0 for Full Data Sets 
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Radford Army Ammunition Plant, Radford, Virginia
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296 5.69

883.5 6.784

536.2 6.238

480 0.313

170.4

0.318

0.585

0.932 0.96

0.892 0.892

608.3 622.7

715.9

610.4 793.8

609.3 946.7

9.04

59.31

307.4

267.8

0.0346 604.2

263.9 608.3

602.5

0.396 621.1

0.739 609.8

0.134 598.7

0.209 607

716.3

794.2

947.3

615.5

624.6

608.3Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MANGANESE (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples
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Radford Army Ammunition Plant, Radford, Virginia
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0.02 -3.912

0.77 -0.261

0.143 -2.591

0.049 1.08

0.205

1.436

2.433

0.623 0.91

0.892 0.892

0.23 0.287

0.291

0.256 0.361

0.235 0.499

0.784

0.182

26.65

15.88

0.0346 0.225

15.02 0.23

0.223

1.144 0.397

0.77 0.602

0.217 0.23

0.216 0.262

0.36

0.454

0.638

0.24

0.254

0.291Potential UCL to Use Use 95% Chebyshev (MVUE) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

MERCURY (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples
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0.56 -0.58

2.6 0.956

1.317 0.206

1.25 0.389

0.506

0.384

0.864

0.95 0.983

0.892 0.892

1.531 1.6

1.872

1.546 2.112

1.536 2.582

6.122

0.215

208.2

175.8

0.0346 1.519

172.7 1.531

1.51

0.168 1.576

0.74 1.611

0.112 1.526

0.209 1.542

1.852

2.083

2.538

1.56

1.588

1.531

SELENIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL

   95% Adjusted Gamma UCL



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 16

23 3.135

58.9 4.076

35.43 3.537

33.4 0.246

9.566

0.27

1.39

0.854 0.927

0.892 0.892

39.48 39.64

44.64

40.08 48.65

39.61 56.53

13.86

2.556

471.2

421.8

0.0346 39.24

417 39.48

39.13

0.721 41.42

0.738 42.78

0.204 39.22

0.209 39.86

45.54

49.92

58.51

39.57

40.03

39.57Potential UCL to Use Use 95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

General Statistics

Number of Valid Samples Number of Unique Samples

VANADIUM (mg/kg)



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 17

47.1 3.852

555 6.319

126.8 4.531

66.7 0.704

137.6

1.085

2.538

0.587 0.781

0.892 0.892

185.1 177.5

209.2

203.7 249.1

188.5 327.5

1.483

85.5

50.43

35.12

0.0346 181.7

33.79 185.1

180.8

2.094 333.8

0.753 420.2

0.306 186.7

0.212 207.4

272.3

335.2

458.9

182.1

189.3

272.3Potential UCL to Use Use 95% Chebyshev (Mean, Sd) UCL

   95% Adjusted Gamma UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Theta Star

nu star

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Coefficient of Variation

Skewness

Median SD of log Data

SD

Maximum Maximum of Log Data

Mean Mean of log Data

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

ZINC (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 18

0.0636 -2.755

183.2 5.211

26.09 1.098

1.598 2.254

55.51

2.128

2.424

0.526 0.941

0.897 0.897

48.85 531.1

98.6

55.6 130

50.1 191.6

0.3

86.84

10.82

4.457

0.0357 47.61

4.072 48.85

46.66

1.408 111.2

0.839 119

0.27 50.23

0.22 56.54

83.12

107.8

156.3

63.3

69.29

191.6

2,3,7,8-TCDD TEQ HH/Mammalian (pg/g)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 99% Chebyshev (MVUE) UCL

Recommended UCL exceeds the maximum observation



Table C.10-5
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Full Data Sets 
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

18 18

0.232 -1.461

322 5.774

39.74 1.501

2.018 2.221

85.01

2.139

2.668

0.542 0.927

0.897 0.897

74.6 687.5

137.9

86.16 181.6

76.7 267.5

0.299

133.1

10.75

4.415

0.0357 72.7

4.031 74.6

71.83

1.381 123.7

0.839 90.04

0.253 74.45

0.22 83.94

127.1

164.9

239.1

96.76

106

267.5

2,3,7,8-TCDD TEQ Avian (pg/g)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

Potential UCL to Use Use 99% Chebyshev (MVUE) UCL

   95% Adjusted Gamma UCL



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

15 6

6 9

60.00%

0.44 -0.821

1.9 0.642

0.925 -0.275

0.665 0.664

0.41 -0.892

1.9 0.642

14

1

93.33%

0.737 0.773

0.788 0.788

0.551 -0.922

0.54 0.771

0.796 0.717

N/A

-1.148

0.884

0.483

0.548

0.715

0.804

1.455

0.636

17.46

0.833

0.702

0.702 0.642

0.335 0.457

0.131

0.873

0.858

0.853

0.44 2.578

1.9 0.925

0.938 0.865

0.96 1.214

0.408 1.462

4.968 1.949

0.189

149

121.8 0.873

1.148 0.865

1.177   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (% Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

ANTIMONY (mg/kg)

General Statistics

Number of Valid Samples Number of Detected Data

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   WorkSheet.wst

Full Precision   OFF

General UCL Statistics for Data Sets with Non-Detects

User Selected Options



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 3

3 14

82.35%

0.05 -2.996

0.64 -0.446

0.347 -1.497

0.295 1.332

0.03 -3.507

0.07 -2.659

15

2

88.24%

1 0.915

0.767 0.767

0.0797 -3.408

0.165 1.046

0.149 0.0756

N/A

-6.381

2.938

0.0629

0.171

0.139

0.175

    N/A    

    N/A    

    N/A    

0.312

    N/A    

    N/A    0.102

    N/A    0.152

0.0451

0.181

0.176

0.297

    N/A    0.132

    N/A        N/A    

    N/A    0.64

    N/A    0.299

    N/A    0.384

    N/A    0.551

    N/A    

    N/A    

    N/A    0.181

    N/A    0.64

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

CADMIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Detected Data



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

10 2

2 8

80.00%

7.6 2.028

60 4.094

33.8 3.061

37.05 1.461

0.4 -0.916

3.92 1.366

8

2

80.00%

1 1

    N/A        N/A    

7.715 0.5

18.49 1.68

18.43 17.17

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.357

    N/A    

    N/A    12.84

    N/A    15.72

7.03

25.73

24.4

49.41

    N/A    1.8E+308

    N/A    60

    N/A    60

    N/A    43.48

    N/A    56.74

    N/A    82.79

    N/A    

    N/A    

    N/A    60

    N/A    

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (BCA) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

4,4'-DDE (ug/kg)

General Statistics

Number of Valid Samples Number of Detected Data



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

10 2

2 8

80.00%

5.9 1.775

21 3.045

13.45 2.41

10.68 0.898

0.26 -1.347

4.71 1.55

8

2

80.00%

1 1

    N/A        N/A    

3.772 0.296

6.281 1.647

7.413 23.35

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

    N/A    7.41

    N/A    4.53

2.026

11.12

10.74

17.95

    N/A    7.41

    N/A        N/A    

    N/A    21

    N/A    16.24

    N/A    20.06

    N/A    27.57

    N/A    

    N/A    

    N/A    11.12

    N/A    21

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (% Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

HEPTACHLOR EPOXIDE (ug/kg)

General Statistics



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

10 5

5 5

50.00%

15 2.708

2800 7.937

620.5 4.536

1222 2.182

7.48 2.012

9 2.197

5

5

50.00%

0.606 0.873

0.762 0.762

312.3 2.973

876.8 2.198

820.6 1289

N/A

1.234

3.862

310.4

877.6

849.3

1133

0.275

2256

2.75

0.612

0.732

0.732 317.8

0.378 829.8

293.4

855.6

800.3

823.3

0 26947

2800 876.7

621.3 855.3

134.3 1597

935.3 2150

0.155 3237

4017

3.093

0.401 855.6

4797

6979   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

AROCLOR 1254 (ug/kg)



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

10 2

2 8

80.00%

24 3.178

380 5.94

202 4.559

251.7 1.953

9.2 2.219

14.1 2.646

8

2

80.00%

1 1

    N/A        N/A    

44.76 2.259

117.9 1.383

113.1 57.52

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.356

    N/A    

    N/A    59.6

    N/A    106.8

47.76

147.2

138.2

308.1

    N/A    1.8E+308

    N/A    380

    N/A        N/A    

    N/A    267.8

    N/A    357.9

    N/A    534.8

    N/A    

    N/A    

    N/A    357.9

    N/A    

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2  97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

AROCLOR 1260 (ug/kg)

General Statistics



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 2

2 15

88.24%

1200 7.09

1900 7.55

1550 7.32

495 0.325

380 5.94

1600 7.378

16

1

94.12%

1 1

    N/A        N/A    

395.6 5.624

474.4 0.725

596.5 422.4

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

    N/A    1241

    N/A    164.7

56.49

1340

1334

1709

    N/A    1241

    N/A        N/A    

    N/A        N/A    

    N/A    1487

    N/A    1594

    N/A    1803

    N/A    

    N/A    

    N/A    1340

    N/A        N/A    

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (% Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

DIMETHYLPHTHALATE (ug/kg)



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 5

5 12

70.59%

34 3.526

3500 8.161

1806 6.408

1636 2.192

5.8 1.758

5.9 1.775

12

5

70.59%

0.843 0.796

0.762 0.762

533.3 2.646

1178 2.732

1032 4140

N/A

1.007

4.41

532.9

1178

1016

1122

0.362

4994

3.616

0.643

0.707

0.707 555.2

0.37 1132

307

1091

1060

1020

0 1018

3500 3059

1347 2594

1568 1893

1235 2473

0.136 3610

9912

4.621

0.981 1091

6344 2594

7582

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

ACENAPHTHENE (ug/kg)

General Statistics



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 3

3 14

82.35%

6.9 1.932

57 4.043

29.97 3.078

25.28 1.067

1.6 0.47

1.6 0.47

0.982 0.979

0.767 0.767

5.947 0.359

14.54 1.351

12.1 5.368

N/A

-1.718

3.178

5.598

14.68

12.04

15.16

    N/A    

    N/A    

    N/A    

0.25

    N/A    

    N/A    10.97

    N/A    12.35

3.669

17.38

17.01

23.66

    N/A    14.98

    N/A    57

    N/A    57

    N/A    26.96

    N/A    33.88

    N/A    47.47

    N/A    

    N/A    

    N/A    17.38

    N/A    57

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

BENZO(A)PYRENE (ug/kg)



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 3

3 14

82.35%

0.45 -0.799

80 4.382

46.48 2.554

41.23 2.907

0.16 -1.833

0.16 -1.833

0.931 0.794

0.767 0.767

8.269 -1.629

23.34 2.245

18.15 11.96

N/A

-8.717

7.488

8.208

23.37

17.64

22.32

    N/A    

    N/A    

    N/A    

0.535

    N/A    

    N/A    8.574

    N/A    22.54

6.694

20.26

19.58

45.99

    N/A    12.97

    N/A    80

    N/A    80

    N/A    37.75

    N/A    50.38

    N/A    75.18

    N/A    

    N/A    

    N/A    20.26

    N/A    80

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

2,4,6-TRINITROTOLUENE (mg/kg)



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 2

2 15

88.24%

0.38 -0.968

11 2.398

5.69 0.715

7.509 2.38

0.12 -2.12

0.12 -2.12

1 1

    N/A        N/A    

0.722 -2.398

2.65 1.314

1.844 0.373

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.355

    N/A    

    N/A    1.005

    N/A    2.499

0.857

2.501

2.414

8.098

    N/A    1.8E+308

    N/A    11

    N/A    11

    N/A    4.741

    N/A    6.357

    N/A    9.533

    N/A    

    N/A    

    N/A    9.533

    N/A    

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    99% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

2,4-DINITROTOLUENE (mg/kg)



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 2

2 15

88.24%

0.475 -0.744

11.1 2.406

5.785 0.831

7.509 2.228

0.19 -1.661

0.19 -1.661

1 1

    N/A        N/A    

0.764 -1.979

2.664 1.195

1.892 0.444

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.355

    N/A    

    N/A    1.1

    N/A    2.499

0.857

2.596

2.509

8.193

    N/A    1.8E+308

    N/A    11.1

    N/A    11.1

    N/A    4.836

    N/A    6.452

    N/A    9.628

    N/A    

    N/A    

    N/A    9.628

    N/A    

    N/A

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Nu star Potential UCLs to Use

AppChi2    99% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

Theta Star

nu star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

DNT Mix (mg/kg)



Table C.10-6
EPC Calculation Results - Area B Surface Soil

ProUCL 4.0 for Data Sets with Non-Detects
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

17 2

2 15

88.24%

95.03 4.554

400 5.991

247.5 5.273

215.6 1.016

0.1 -2.303

1 0

15

2

88.24%

1 1

    N/A        N/A    

29.45 -0.533

98.2 2.411

71.04 65.53

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

    N/A    113

    N/A    71.76

24.61

155.9

153.4

316.7

    N/A    113

    N/A    400

    N/A        N/A    

    N/A    220.3

    N/A    266.7

    N/A    357.9

    N/A    

    N/A    

    N/A    400

    N/A    

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (BCA) UCL

   95% Gamma Approximate UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

General Statistics

Number of Valid Samples Number of Detected Data

NITROGLYCERIN (mg/kg)
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6910 8.841

22600 10.03

12843 9.428

12800 0.26

3323

0.259

0.632

0.973 0.988

0.936 0.936

13765 13882

15274

13802 16324

13775 18385

14.34

895.8

1061

986.4

0.0431 13742

983.3 13765

13739

0.132 13769

0.747 13849

0.0713 13706

0.145 13727

15224

16255

18278

13815

13858

13765

General UCL Statistics for Full Data Sets

User Selected Options

From File   WorkSheet.wst

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

ALUMINUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL
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10.9 2.389

41.6 3.728

20.35 2.974

19.4 0.278

6.27

0.308

1.714

0.847 0.948

0.936 0.936

22.09 22.08

24.43

22.36 26.21

22.14 29.7

11.78

1.727

871.8

804.3

0.0431 22.05

801.5 22.09

22

0.861 22.53

0.748 22.99

0.156 22.08

0.145 22.52

24.84

26.79

30.61

22.06

22.14

22.09

22.14

22.08

CHROMIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL

or 95% Modified-t UCL

or 95% H-UCL
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4.5 1.504

12.2 2.501

7.932 2.042

7.5 0.244

1.93

0.243

0.514

0.957 0.974

0.936 0.936

8.468 8.528

9.337

8.483 9.943

8.473 11.14

16.2

0.49

1199

1119

0.0431 8.454

1116 8.468

8.449

0.283 8.501

0.747 8.496

0.107 8.427

0.145 8.443

9.315

9.914

11.09

8.495

8.52

8.468

COBALT (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL
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35 35

0.39 -0.942

320 5.768

27.65 2.333

10.2 1.305

61.51

2.224

3.976

0.424 0.942

0.934 0.934

45.23 44.95

50.66

52.22 62.57

46.39 85.96

0.588

47

41.18

27.47

0.0425 44.75

26.94 45.23

44.41

2.9 92

0.8 107.4

0.274 46.76

0.156 55.34

72.97

92.57

131.1

41.44

42.26

44.95

COPPER (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Lognormal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% H-UCL
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11600 9.359

35100 10.47

19691 9.861

19300 0.233

4692

0.238

0.916

0.955 0.988

0.936 0.936

20993 21086

23006

21083 24442

21012 27263

17.52

1124

1296

1214

0.0431 20959

1210 20993

20929

0.202 21066

0.747 21189

0.0725 21008

0.145 21036

23053

24507

27365

21031

21091

20993

IRON (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Student's-t UCL
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4 1.386

3610 8.191

250.8 3.011

10.5 1.767

796.7

3.177

3.622

0.35 0.729

0.936 0.936

471.9 262.3

237.8

549.6 302.7

484.9 430.3

0.273

917.7

20.22

11.02

0.0431 466.2

10.72 471.9

460

7.346 841.8

0.867 516.9

0.355 489.5

0.158 576

821.7

1069

1554

460.4

473.1

1554

LEAD (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL
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159 5.069

883.5 6.784

423.5 5.975

370 0.386

169.6

0.4

0.99

0.919 0.982

0.936 0.936

470.6 477.3

543.8

474.2 596

471.3 698.4

6.446

65.7

477

427.4

0.0431 469.4

425.3 470.6

470.3

0.428 477.6

0.75 476.6

0.101 468.6

0.145 469.3

545

597.6

700.9

472.7

475

472.7

MANGANESE (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Approximate Gamma UCL
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ProUCL 4.0 for Full Data Sets
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

37 34

7 1.946

21.6 3.073

11.73 2.431

11.2 0.25

3.08

0.263

1.171

0.92 0.971

0.936 0.936

12.58 12.62

13.85

12.66 14.77

12.6 16.57

14.97

0.783

1108

1032

0.0431 12.56

1028 12.58

12.54

0.41 12.67

0.747 12.76

0.102 12.55

0.145 12.6

13.93

14.89

16.76

12.59

12.63

12.59

NICKEL (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Approximate Gamma UCL
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18.8 2.934

58.9 4.076

32.55 3.452

31.1 0.246

8.48

0.261

1.239

0.908 0.969

0.936 0.936

34.9 34.97

38.31

35.14 40.81

34.95 45.74

15.41

2.113

1140

1063

0.0431 34.84

1059 34.9

34.79

0.534 35.17

0.747 35.43

0.119 34.92

0.145 35.04

38.62

41.25

46.42

34.92

35.02

34.92

VANADIUM (mg/kg)

General Statistics

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Mean Mean of log Data

Median SD of log Data

SD

Coefficient of Variation

Skewness

Relevant UCL Statistics

Normal Distribution Test Lognormal Distribution Test

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

Gamma Distribution Test Data Distribution

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data appear Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

   95% Approximate Gamma UCL

   95% Adjusted Gamma UCL

Potential UCL to Use Use 95% Approximate Gamma UCL
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51 51

0.00702 -4.959

183.2 5.211

11.22 -0.918

0.205 2.623

35.27

3.143

4.129

0.406 0.165

0.124 0.124

19.5 63.76

33.87

22.4 44.35

19.98 64.95

0.218

51.5

22.23

12.51

0.0453 19.35

12.3 19.5

19.32

5.079 34.94

0.9 48.68

0.263 20.51

0.137 23.7

32.76

42.07

60.37

19.94

20.29

60.37

   95% Adjusted Gamma UCL

   95% Approximate Gamma UCL

Potential UCL to Use Use 99% Chebyshev (Mean, Sd) UCL

97.5% Chebyshev(Mean, Sd) UCL

Assuming Gamma Distribution 99% Chebyshev(Mean, Sd) UCL

Kolmogorov-Smirnov 5% Critical Value    95% BCA Bootstrap UCL

Data not Gamma Distributed at 5% Significance Level 95% Chebyshev(Mean, Sd) UCL

Anderson-Darling 5% Critical Value    95% Hall's Bootstrap UCL

Kolmogorov-Smirnov Test Statistic    95% Percentile Bootstrap UCL

   95% Standard Bootstrap UCL

Anderson-Darling Test Statistic    95% Bootstrap-t UCL

Adjusted Level of Significance    95% CLT UCL

Adjusted Chi Square Value    95% Jackknife UCL

nu star

Approximate Chi Square Value (.05) Nonparametric Statistics

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

Gamma Distribution Test Data Distribution

   95% Adjusted-CLT UCL  97.5% Chebyshev (MVUE) UCL

   95% Modified-t UCL    99% Chebyshev (MVUE) UCL

   95% Student's-t UCL    95% H-UCL

   95% UCLs (Adjusted for Skewness)    95% Chebyshev (MVUE) UCL

Assuming Normal Distribution Assuming Lognormal Distribution

Lilliefors Critical Value Lilliefors Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Normal Distribution Test Lognormal Distribution Test

Lilliefors Test Statistic Lilliefors Test Statistic

Skewness

Relevant UCL Statistics

SD

Coefficient of Variation

Mean Mean of log Data

Median SD of log Data

Minimum Minimum of Log Data

Maximum Maximum of Log Data

Number of Valid Samples Number of Unique Samples

Raw Statistics Log-transformed Statistics

2,3,7,8-TCDD TEQ (pg/g)

General Statistics



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

30 12

12 18

60.00%

0.33 -1.109

20.7 3.03

2.346 -0.29

5.804 1.191

0.37 -0.994

1.9 0.642

28

2

93.33%

0.389 0.674

0.859 0.859

1.09 -0.997

3.726 0.979

2.246 0.701

N/A

-0.987

0.991

1.091

3.724

2.424

3.174

0.467

5.027

11.2

2.45

0.781

0.781 1.155

0.258 3.647

0.696

2.336

2.299

2.306

0.33 12.33

20.7 2.614

2.359 2.486

1.623 4.186

3.653 5.498

1.041 8.075

2.265

62.49

45.3 2.614

3.254

3.315

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   WorkSheet.wst

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

ANTIMONY

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 36

28 1

2.70%

0.35 -1.05

5.1 1.629

1.395 0.142

0.995 0.612

0.25 -1.386

0.25 -1.386

0.786 0.98

0.935 0.935

1.36 0.0817

1.003 0.705

1.639 1.692

1.35 0.0996

1.007 0.656

1.629 1.363

1.617 0.999

1.647

1.7

2.563

0.544

184.5

0.491

0.755

0.755 1.366

0.148 0.982

0.164

1.643

1.636

1.641

0 1.733

5.1 1.671

1.357 1.638

1.1 2.08

1.007 2.389

0.766 2.996

1.771

56.69

40.39 1.671

1.905

1.933

ARSENIC

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

26 4

4 22

84.62%

2.6 0.956

530 6.273

139.9 3.012

260.2 2.338

0.26 -1.347

4.91 1.591

23

3

88.46%

0.656 0.912

0.748 0.748

22.86 0.526

103.5 1.706

57.54 10.76

N/A

-4.335

3.802

21.53

103.8

61.82

83.7

0.254

551

2.031

0.515

0.698

0.698 23.72

0.416 101.3

22.94

62.91

61.46

56.06

0 623.3

530     N/A    

124.7 85.41

137.8 123.7

105.9 167

0.295 252

422.8

15.34

7.497 62.91

255.1

    N/A

HEPTACHLOR EPOXIDE

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

28 9

9 19

67.86%

8.04 2.084

2800 7.937

734.5 4.911

1140 2.22

6.8 1.917

9.52 2.253

20

8

71.43%

0.674 0.918

0.829 0.829

239 2.552

711.1 2.05

467.9 165.4

N/A

0.049

3.982

236.4

712

486.4

551.4

0.335

2193

6.028

0.52

0.791

0.791 241.5

0.298 697.4

139.8

479.7

471.5

466.1

8.04 1192

2800 517.4

734.7 483.8

746.9 850.9

621.9 1115

0.965 1633

761.1

54.05

38.16 479.7

1041

1064

AROCLOR 1254

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Gamma Distributed at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

28 5

5 23

82.14%

24 3.178

510 6.234

262.8 5.171

191.7 1.214

5.2 1.649

14.1 2.646

23

5

82.14%

0.987 0.875

0.762 0.762

51.54 2.322

124.5 1.446

91.62 34.96

N/A

0.89

2.547

49.04

125.5

92.94

103.4

0.69

380.8

6.901

0.283

0.687

0.687 66.64

0.362 116.7

24.65

108.6

107.2

140.7

24 105.2

536.3 384.6

315 295

314.4 174.1

133 220.6

3.585 311.9

87.87

200.8

169 108.6

374.3 295

378.3

AROCLOR 1260

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 4

4 33

89.19%

84 4.431

1900 7.55

1046 6.495

748.5 1.402

350 5.858

1600 7.378

36

1

97.30%

0.977 0.801

0.748 0.748

304.2 5.446

353.8 0.597

402.4 296.2

N/A

4.686

1.095

219.5

374.1

324.6

361.2

0.474

2205

3.796

0.467

0.665

0.665 189.6

0.401 368.7

70.39

308.4

305.4

759.8

84 260.7

2606     N/A    

1144 1238

1006 496.4

625.2 629.2

2.737 889.9

418

202.5

170.6 308.4

1358 1238

    N/A

DIMETHYLPHTHALATE

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 8

8 29

78.38%

5.8 1.758

74 4.304

35.34 3.18

27.76 1.029

1.6 0.47

1.6 0.47

0.885 0.889

0.818 0.818

8.268 0.513

18.91 1.491

13.52 5.567

N/A

-0.107

2.387

8.466

18.87

13.71

14.9

0.985

35.89

15.76

0.391

0.729

0.729 12.19

0.299 17.14

3.012

17.27

17.14

16.45

0 18.95

314.2 34

128.5 20.79

108 25.31

99.22 30.99

0.538 42.15

238.6

39.84

26.38 17.27

194 20.79

197.6

BENZO(A)PYRENE

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data appear Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 3

3 34

91.89%

59 4.078

80 4.382

69 4.226

10.54 0.152

0.16 -1.833

0.45 -0.799

34

3

91.89%

0.993 0.998

0.767 0.767

5.672 -1.95

19.23 1.868

11.01 1.419

2.103 3.159

68.26 0.563

21.05 27.5

60.01 16.46

32

32.27

    N/A    

    N/A    

    N/A    

0.249

    N/A    

    N/A    59.81

    N/A    3.668

0.738

61.06

61.03

65.58

    N/A    60.45

    N/A        N/A    

    N/A    80

    N/A    63.03

    N/A    64.42

    N/A    67.16

    N/A    

    N/A    

    N/A    61.06

    N/A    80

    N/A

2,4,6-TRINITROTOLUENE

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean Mean in Log Scale

SD SD in Log Scale

   95% MLE (t) UCL Mean in Original Scale

   95% MLE (Tiku) UCL SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 3

3 34

91.89%

0.38 -0.968

160 5.075

57.13 2.168

89.25 3.028

0.12 -2.12

0.12 -2.12

0.8 0.996

0.767 0.767

4.687 -2.409

26.3 1.552

11.99 0.453

N/A

-18.76

11.17

4.632

26.31

13.27

21.62

    N/A    

    N/A    

    N/A    

0.259

    N/A    

    N/A    4.981

    N/A    25.89

5.214

13.78

13.56

13.43

    N/A    52.55

    N/A    160

    N/A    160

    N/A    27.71

    N/A    37.54

    N/A    56.86

    N/A    

    N/A    

    N/A    13.78

    N/A    160

    N/A

2,4-Dinitrotoluene

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 3

3 34

91.89%

0.475 -0.744

160.1 5.076

57.22 2.246

89.25 2.913

0.19 -1.661

0.19 -1.661

0.8 0.998

0.767 0.767

4.727 -1.981

26.31 1.446

12.03 0.561

N/A

-17.96

10.78

4.64

26.33

13.28

17.93

    N/A    

    N/A    

    N/A    

0.264

    N/A    

    N/A    5.076

    N/A    25.89

5.214

13.88

13.65

13.53

    N/A    52.64

    N/A    160.1

    N/A    160.1

    N/A    27.8

    N/A    37.64

    N/A    56.95

    N/A    

    N/A    

    N/A    13.88

    N/A    160.1

    N/A

DNT Mix

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE yields a negative mean Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 2

2 35

94.59%

23.6 3.161

66 4.19

44.8 3.675

29.98 0.727

0.1 -2.303

0.1 -2.303

1 1

    N/A        N/A    

2.469 -2.635

11.41 1.534

5.636 0.355

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

    N/A    24.75

    N/A    6.876

1.599

27.44

27.38

52.43

    N/A    1.8E+308

    N/A    66

    N/A    66

    N/A    31.71

    N/A    34.73

    N/A    40.65

    N/A    

    N/A    

    N/A    27.44

    N/A    66

    N/A

Aminodinitrotoluenes

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (% Bootstrap) UCL

   95% Adjusted Gamma UCL



Table C.10-8
EPC Calculation Results - Area B Total Soil
ProUCL 4.0 for Data Sets with Non-Detects

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

37 2

2 35

94.59%

95.03 4.554

400 5.991

247.5 5.273

215.6 1.016

0.1 -2.303

1 0

35

2

94.59%

1 1

    N/A        N/A    

13.74 -0.931

67.09 1.809

32.36 3.64

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

    N/A    103.3

    N/A    49.46

11.5

122.7

122.2

302.4

    N/A    103.3

    N/A        N/A    

    N/A        N/A    

    N/A    153.4

    N/A    175.1

    N/A    217.7

    N/A    

    N/A    

    N/A        N/A    

    N/A    

    N/A

NITROGLYCERIN

General Statistics

Number of Valid Samples Number of Detected Data

Number of Unique Samples Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data do not follow a Discernable Distribution (0.05)

Theta Star

nu star

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (BCA) UCL

   95% Gamma Approximate UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.
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DATA QUALITY OBJECTIVES
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TABLE D-1 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Soil 

1 
 

Activity Comment 
Field Sampling 

Discuss sampling problems and field conditions 
that affect data usability. 

There were no problems identified during field 
sampling that affected data usability. 

Are samples representative of receptor exposure 
for this medium (e.g., sample depth, grab vs. 
composite, filtered vs. unfiltered, low flow, etc.)? 

Yes.  Samples are representative of receptor 
exposure.  Surface soil samples and subsurface soil 
samples were collected from discrete intervals. 

Assess the effect of field QC results on data 
usability. 

Field duplicate samples were collected at the rate of 
1 per 10 soil samples.  The average concentration of 
the soil sample and its duplicate sample were used 
in the risk assessments.   

Equipment rinsate blank samples were collected at 
the rate of 1 per 20 soil samples.  Low-level 
detections at concentrations below the laboratory 
reporting limit were reported in one or more of the 
equipment blank samples for selected metals, 
dioxins, and common laboratory contaminant bis(2-
ethylhexyl)phlalate.  No significant impact on data 
usability resulted from these detections. 

Matrix spike (MS)/matrix spike duplicate (MSD) 
samples were at the rate of 1 per 20 soil samples.  
No significant impact on data usability was 
identified based on the matrix spike results. 

Summarize the effect of field sampling issues on 
the risk assessment, if applicable. 

No significant sampling issues were noted.  See 
Sections 6.5.1 and 7.4.1 of the RFI/CMS Report 
discuss the uncertainty analysis for the human 
health and ecological risk assessments for sampling 
and analysis. 

Analytical Techniques 
Were the analytical methods appropriate for 
quantitative risk assessment? 

Yes.  Low-level SW-846 analytical methods were 
used for soil analysis in accordance with the MWP 
and WPA No. 013.  Soil samples were analyzed for 
SVOCs by SW-846 Method 8270C, PAHs by SW-
846 Method 8310, explosives by SW-846 Methods 
8330 and 8332, pesticides by SW-846 Method 
8081A, PCBs by SW-846 Method 8082, PCB 
congeners by EPA Method 1668, dioxin/furans by 
SW-846 Method 8290, and metals by SW-846 
6010B, 6020, and 7471A. 

Were detection limits adequate? Yes.  Low-level SW-846 Methods were used.  The 
detection limits were adequate for screening against 
adjusted RBCs.   

 



TABLE D-1 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Soil 

2 
 

Activity Comment 
Summarize the effect of analytical technique 
issues on risk assessment, if applicable. 

There were no analytical technical issues, which 
significantly affected the risk assessments.  Sections 
6.5.1 and 7.4.1 of the RFI/CMS Report discuss the 
uncertainty analysis for the human health and 
ecological risk assessments for sampling and 
analysis. 

Data Quality Objectives 
Precision – How were duplicates handled? Field duplicate samples were collected at the rate of 

1 per 10 soil samples.  The average concentration of 
the soil sample and its duplicate sample were used 
in the risk assessments.   

Accuracy – How were split samples handled? Split samples were not collected. 

Representativeness – Indicate any problems 
associated with data representativeness (e.g., trip 
blank or rinsate blank contamination, COC 
problems, etc.). 

No significant issues regarding data 
representativeness were noted. 

Completeness – Indicate any problems associated 
with data completeness (e.g., incorrect sample 
analysis, incomplete sample records, problems 
with field procedures, etc.). 

No significant issues regarding completeness of the 
data were noted.  The overall completeness goal of 
90+2% for field activities was exceeded for 
analytical analysis and field data collection. 

Comparability – Indicate any problems associated 
with data comparability. 

No significant issues regarding comparability of the 
data were noted. 

Were the DQOs specified in the QAPP satisfied? Yes, the DQOs specified in the QAPP were 
satisfied. 

Summarize the effect of DQO issues on the risk 
assessment, if applicable. 

Not applicable 

Data Validation and Interpretation 

What are the data validation requirements for this 
region? 

EPA Region III modifications to the National 
Functional Guidelines for Data Validation.   

What method or guidance was used to validate the 
data? 

EPA Region III National Functional Guidelines for 
Data Validation. 

Was the data validation method consistent with 
regional guidance?  Discuss any discrepancies. 

Yes, there were no discrepancies. 

Were all data qualifiers defined?  Discuss those 
which were not. 

Yes, they were defined in the guidance document, 
data validation reports included in Appendix H of 
the RFI/CMS Report, and in the data tables included 
in Section 4.0 of the RFI/CMS Report. 

Which qualifiers represent usable data? B, E, J, K, L, UJ, UL 

Which qualifiers represent unusable data? R 



TABLE D-1 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Soil 

3 
 

Activity Comment 
How are tentatively identified compounds 
handled? 

Detected tentatively identified compounds are 
qualified NJ.  These compounds are not used in the 
risk assessments. 

Summarize the effect of data validation and 
interpretation issues on the risk assessment, if 
applicable. 

Section 6.5.1 of the RFI/CMS Report discusses 
uncertainties associated with qualified data. 

Additional notes: None. 
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Table D-1.1
Detected Analytes in Soil Field Blanks

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Sample ID
Sample Date

Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r
TAL Metals (ug/L)
Barium 0.91  B,B,p 0.2 10 0.4  B,B,p 0.2 10 0.33  B,B,p 0.2 10 0.37  B,B,p 0.2 10 0.37  B,B,p 0.2 10 NT NT NT NT
Calcium <1,000  U,UL,o 9.6 1,000 21.8  B,B,o 9.6 1,000 14  B,B,o 9.6 1,000 12.3  B,B,o 9.6 1,000 22.6  B,B,o 9.6 1,000 NT NT NT NT
Chromium 0.77  B 0.6 5 <5  U 0.6 5 0.67  B 0.6 5 2  B 0.6 5 <5  U 0.6 5 NT NT NT NT
Copper <5  U 1.4 5 <5  U 1.4 5 <5  U 1.4 5 <5  U 1.4 5 1.6  B 1.4 5 NT NT NT NT
Magnesium 61.2  B,B,p 6.1 1,000 59.8  B,B,p 6.1 1,000 62.2  B,B,p 6.1 1,000 60  B,B,p 6.1 1,000 60.7  B,B,p 6.1 1,000 NT NT NT NT
Manganese <10  U 0.2 10 0.42  B,B,o 0.2 10 0.33  B,B,o 0.2 10 1.5  B 0.2 10 0.41  B,B,o 0.2 10 NT NT NT NT
Mercury <0.2  U 0.1 0.2 <0.2  U 0.1 0.2 0.13  B,B,p 0.1 0.2 0.11  B,B,p 0.1 0.2 <0.2  U 0.1 0.2 NT NT NT NT
Selenium <5  U 3.3 5 3.4  B,K,w 3.3 5 <5  U 3.3 5 <5  U 3.3 5 3.7  B,K,w 3.3 5 NT NT NT NT
Sodium 253  B,L,w 248.7 2,000 <2,000  U 248.7 2,000 <2,000  U 248.7 2,000 <2,000  U 248.7 2,000 <2,000  U 248.7 2,000 NT NT NT NT
Zinc 1.1  B,B,o 1 20 2.3  B,B,o 1 20 <20  U 1 20 1 B,B,o 1 20 <20 U,B,o 1 20 NT NT NT NT
TCL SVOCs (ug/L)
Bis(2-ethylhexyl)phthalate <10  U 1 10 10 1 10 <10  U 1 10 <10 U 1 10 <10 U 1 10 NT NT NT NT
Dioxin/Furans (ng/L)
OCDD NT NT NT NT NT 0.023  ,B,z 0.00552 0.00552 0.0288  ,B,z 0.00648 0.00648 0.0123  ,B,z 0.00526 0.00526 0.0068  ,B,z 0.00519 0.00519
1,2,3,4,6,7,8-HpCDD NT NT NT NT NT 0.00303  ,B,z 0.00276 0.00276 <0.00324  U 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,4,6,7,8-HpCDF NT NT NT NT NT 0.00488 0.00276 0.00276 0.00368 0.00324 0.00324 0.000757 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,4,7,8,9-HpCDF NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00244  ,J,w 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,4,7,8-HxCDD NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00383 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,4,7,8-HxCDF NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00404 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,6,7,8-HxCDD NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00381 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,6,7,8-HxCDF NT NT NT NT NT 0.00296  ,B,z 0.00276 0.00276 0.00383  ,B,z 0.00324 0.00324 0.000484  ,J,w 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,7,8,9-HxCDF NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00355 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,7,8-PeCDD NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.0051  ,B,z 0.00324 0.00324 0.000925  ,B,z 0.00263 0.00263 <0.00259  U 0.00259 0.00259
1,2,3,7,8-PeCDF NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00464  ,B,z 0.00324 0.00324 0.00128  ,J,w 0.00263 0.00263 0.00104  ,B,z 0.00259 0.00259
2,3,4,6,7,8-HxCDF NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00329 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
2,3,4,7,8-PeCDF NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00433 0.00324 0.00324 <0.00263  U 0.00263 0.00263 0.000892 0.00259 0.00259
Total HpCDDs NT NT NT NT NT 0.00303  ,B,z 0.00287 0.00287 <0.00359  U 0.00359 0.00359 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
Total HpCDFs NT NT NT NT NT 0.00488 0.00276 0.00276 0.00368 0.00324 0.00324 0.000757 0.00263 0.00263 <0.00259  U 0.00259 0.00259
Total HxCDDs NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.00764 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
Total HxCDFs NT NT NT NT NT 0.0186 0.00276 0.00276 0.0147 0.00324 0.00324 <0.00263  U 0.00263 0.00263 <0.00259  U 0.00259 0.00259
Total PeCDDs NT NT NT NT NT <0.00276  U 0.00276 0.00276 0.0051  ,B,z 0.00324 0.00324 0.000925  ,B,z 0.00263 0.00263 <0.00259  U 0.00259 0.00259
Total PeCDFs NT NT NT NT NT 0.0151 0.00276 0.00276 0.00896 0.00324 0.00324 <0.00263  U 0.00263 0.00263 0.00193  ,B,z 0.00259 0.00259
Total TCDFs NT NT NT NT NT 0.00636 0.00132 0.00132 <0.00121  U 0.00121 0.00121 <0.000871  U 0.000871 0.000871 <0.00102 U 0.00102 0.00102
PCB Congeners (pg/L)
18,30-TrCB NT NT NT NT NT NT 7.08  ,B,z 22.3 22.3 NT NT
20,28-TrCB NT NT NT NT NT NT 9.05  ,B,z 22.3 22.3 NT NT
31-TrCB NT NT NT NT NT NT 9.63  ,B,z 11.2 11.2 NT NT
44,47,65-TeCB NT NT NT NT NT NT 13.3  ,B,z 33.5 33.5 NT NT
49,69-TeCB NT NT NT NT NT NT 9.81  ,B,z 22.3 22.3 NT NT
52-TeCB NT NT NT NT NT NT 26.7  ,B,z 11.2 11.2 NT NT
61,70,74,76-TeCB NT NT NT NT NT NT 19  ,B,z 44.7 44.7 NT NT
86,87,97,108,119,125-PeCB NT NT NT NT NT NT 14.4  ,B,z 67 67 NT NT
90,101,113-PeCB NT NT NT NT NT NT 27.2  ,B,z 33.5 33.5 NT NT
95-PeCB NT NT NT NT NT NT 25.1  ,B,z 11.2 11.2 NT NT
99-PeCB NT NT NT NT NT NT 10.5  ,B,z 11.2 11.2 NT NT
118-PeCB NT NT NT NT NT NT 14.9  ,B,z 11.2 11.2 NT NT
129,138,163-HxCB NT NT NT NT NT NT 15.1  ,B,z 33.5 33.5 NT NT
153,168-HxCB NT NT NT NT NT NT 16  ,B,z 22.3 22.3 NT NT

Notes:
CAS = Chemical Abstracts Service Data Qualifiers
ft bgs = Feet Below Ground Surface B Analyte found in associated blank as well as in the sample.  
ng/L = Nanogram Per Liter J Estimated value. 
µg/L = Microgram Per Liter ,J Analyte present.  Reported value may not be accurate or precise.
pg/L = Picogram Per Liter K Analyte present.  Reported value may be biased high.  Actual value is expected to be lower.
TAL = Target Analyte List L Analyte present.  Reported value may be biased low.  Actual value is expected to be higher.
TCL = Target Compound List U The compound was analyzed for but not detected.  The reporting limit will be adjusted to reflect any dilution, and for soil, the percent moisture.
SVOC = Semivolatile Organic Compound UL Not detected, quantitation limit is probably higher.
MDL = Method Detection Limit Inorganics and Conventionals
RL = Reporting Limit o Calibration blank contamination
LQ = Laboratory Qualifier p Preparation blank contamination
VQ = Validation Qualifier w Laboratory storage blank contamination
r = Reason Code GC and HPLC Organics
NT = Not Tested w Field and/or equipment blank contamination

z Method blank and/or storage blank contamination
Note: 1.  Source of Data Qualifier Codes: United States Environmental Protection Agency (USEPA) Region III Modifications to the Laboratory Data Validation Functional Guidelines for Evaluating Inorganics Analyses, April 1993.

2.  Source of Data Qualifier Codes: United States Environmental Protection Agency (USEPA) Region III Modifications to National Functional Guidelines for Organic Data Review Multimedia, Multi-Concentration (OLMO1.0-OLMO1.9), September 1994.
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TABLE D-2 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Groundwater 

1 
 

Activity Comment 
Field Sampling 

Discuss sampling problems and field conditions 
that affect data usability. 

There were no problems identified during field 
sampling that affected data usability. 

Are samples representative of receptor exposure 
for this medium (e.g., sample depth, grab vs. 
composite, filtered vs. unfiltered, low flow, etc.)? 

Yes.  Groundwater samples collected from 
monitoring wells were used in the risk assessment.  
Direct push samples were not used in the risk 
assessment but were used in the nature and extent 
assessment and to assist in locating permanent 
monitoring well locations. 

The monitoring wells are screened within the 
uppermost portion of the alluvial and weathered 
bedrock aquifer.  Both filtered and unfiltered 
samples were collected for metals.  Filtered metals 
samples were used in the risk assessment and are 
considered representative of dissolved 
concentrations in groundwater.  Low-flow 
groundwater sampling techniques were used to 
collect the samples representative of groundwater 
quality. 

Assess the effect of field QC results on data 
usability. 

Field duplicate samples were collected at the rate of 
1 per 10 groundwater samples.  The average 
concentration of the groundwater sample and its 
duplicate sample were used in the risk assessments.   

Equipment rinsate blank samples were collected at 
the rate of 1 per 20 groundwater samples.  Low-
level detections at concentrations below the 
laboratory reporting limit were reported in one or 
more of the equipment blank samples for selected 
metals and in one equipment blank sample for 
dioxins.  No significant impact on data usability 
resulted from these detections. 

Matrix spike (MS)/matrix spike duplicate (MSD) 
samples were at the rate of 1 per 20 groundwater 
samples.  No significant impact on data usability 
was identified based on the matrix spike results. 

Summarize the effect of field sampling issues on 
the risk assessment, if applicable. 

No significant sampling issues were noted.  See 
Sections 6.5.1 of the RFI/CMS Report discuss the 
uncertainty analysis for the human health risk 
assessment for sampling and analysis. 



TABLE D-2 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Groundwater 
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Activity Comment 
Analytical Techniques 

Were the analytical methods appropriate for 
quantitative risk assessment? 

Yes.  Low-level SW-846 and EPA analytical 
methods were used for groundwater analysis in 
accordance with the MWP and WPA No. 013.  
Groundwater samples were analyzed for SVOCs by 
SW-846 Method 8270C, PAHs by SW-846 Method 
8310, explosives by SW-846 Methods 8330 and 
8332, pesticides by SW-846 Method 8081A, PCBs 
by SW-846 Method 8082, dioxin/furans by SW-846 
Method 8290, and metals by SW-846 6010B, 6020, 
and 7470A, and perchlorate by Method EPA 314 
(prior to 2007) and SW-846 Method 6850 (2007).  

Were detection limits adequate? Yes.  Low-level SW-846 Methods were used.  The 
detection limits were adequate for screening against 
adjusted RBCs.   

Summarize the effect of analytical technique 
issues on risk assessment, if applicable. 

There were no analytical technical issues, which 
significantly affected the risk assessments.  Section 
6.5.1 of the RFI/CMS Report discusses the 
uncertainty analysis for the human health for 
sampling and analysis. 

Data Quality Objectives 
Precision – How were duplicates handled? Field duplicate samples were collected at the rate of 

1 per 10 groundwater samples.  The average 
concentration of the groundwater sample and its 
duplicate sample were used in the risk assessment.   

Accuracy – How were split samples handled? Split samples were not collected. 

Representativeness – Indicate any problems 
associated with data representativeness (e.g., trip 
blank or rinsate blank contamination, COC 
problems, etc.). 

No significant issues regarding data 
representativeness were noted. 

Completeness – Indicate any problems associated 
with data completeness (e.g., incorrect sample 
analysis, incomplete sample records, problems 
with field procedures, etc.). 

No significant issues regarding completeness of the 
data were noted.  The overall completeness goal of 
90+2% for field activities was exceeded for 
analytical analysis and field data collection. 

Comparability – Indicate any problems associated 
with data comparability. 

No significant issues regarding comparability of the 
data were noted. 

Were the DQOs specified in the QAPP satisfied? Yes, the DQOs specified in the QAPP were 
satisfied. 

Summarize the effect of DQO issues on the risk 
assessment, if applicable. 

Not applicable 
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DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Groundwater 
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Activity Comment 
Data Validation and Interpretation 

What are the data validation requirements for this 
region? 

EPA Region III modifications to the National 
Functional Guidelines for Data Validation.   

What method or guidance was used to validate the 
data? 

EPA Region III National Functional Guidelines for 
Data Validation. 

Was the data validation method consistent with 
regional guidance?  Discuss any discrepancies. 

Yes, there were no discrepancies. 

Were all data qualifiers defined?  Discuss those 
which were not. 

Yes, they were defined in the guidance document, 
data validation reports included in Appendix H of 
the RFI/CMS Report, and in the data tables included 
in Section 4 of the RFI/CMS Report. 

Which qualifiers represent usable data? B, E, J, K, L, UJ, UL 

Which qualifiers represent unusable data? R 

How are tentatively identified compounds 
handled? 

Detected tentatively identified compounds are 
qualified NJ.  These compounds are not used in the 
risk assessment. 

Summarize the effect of data validation and 
interpretation issues on the risk assessment, if 
applicable. 

Section 6.5.1 of the RFI/CMS Report discusses 
uncertainties associated with qualified data. 

Additional notes: None. 
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Table D-2.1
Detected Analyes in Groundwater Field Blanks

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Sample ID
Sample Date

Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r Result LQ, VQ, r
TAL Metals (ug/L)
Aluminum 37.6  B 29.5 100 <100  U 29.5 100 NT <200  U 41.1 200 <200  U 41.1 200 <200  U 41.1 200 NT NT NT NT
Antimony <10  U 1.8 10 <10  U 1.8 10 NT 0.986  J,B,o 0.682 5 <5  U 0.682 5 <5  U 0.682 5 NT NT NT NT
Barium 0.33  B 0.2 10 <10  U 0.2 10 NT <20  U 4.69 20 <20  U 4.69 20 <20  U 4.69 20 NT NT NT NT
Barium, Dissolved 0.46  B,B,o 0.2 10 0.42  B,B,o 0.2 10 NT -- -- -- NT NT NT NT
Calcium, Dissolved 42.3  B,B,o 7.9 1,000 54.9  B,B,o 7.9 1,000 NT -- -- -- NT NT NT NT
Chromium 3.5  B 0.7 5 <5  U 0.7 5 NT <5  U 0.261 5 <5  U 0.261 5 0.314  J,B,p 0.261 5 NT NT NT NT
Cobalt 5 0.9 5 <5  U 0.9 5 NT <10  U 2.58 10 <10  U 2.58 10 <10  U 2.58 10 NT NT NT NT
Cobalt, Dissolved 0.77  B,L,o 0.5 5 0.62  B,L,o 0.5 5 NT -- -- -- NT NT NT NT
Iron 34.4  B,B,o 15 100 <100  U 15 100 NT 13.93  J 7.72 100 <100  U 7.72 100 9.478  J 7.72 100 NT NT NT NT
Magnesium 12.8  B,B,o 7.4 1,000 <1,000  U 7.4 1,000 NT <500  U,UL,o 63.5 500 <500  U,UL,o 63.5 500 <500  U,UL,o 63.5 500 NT NT NT NT
Magnesium, Dissolved 76.7  B,B,o 5.3 1,000 73.8  B,B,o 5.3 1,000 NT -- -- -- NT NT NT NT
Manganese 0.93  B,B,o 0.2 10 0.43  B,B,o 0.2 10 NT <10  U,UL,o 1.64 10 <10  U,UL,o 1.64 10 <10  U,UL,o 1.64 10 NT NT NT NT
Manganese, Dissolved 0.49  B,B,o 0.2 10 0.65  B,B,o 0.2 10 <10  U,UL,o 1.64 10 -- -- -- NT NT NT NT
Nickel, Dissolved 1.9  B,K,w 1 5 <5  U 1 5 NT -- -- -- NT NT NT NT
Potassium, Dissolved <1,000  U 68.4 1,000 97  B,B,o 68.4 1,000 NT -- -- -- NT NT NT NT
Selenium 2.4  BN,B,p 2.1 5 5.2  N,B,p 2.1 5 NT <2  U 0.249 2 <2  U 0.249 2 <2  U 0.249 2 NT NT NT NT
Sodium 529  B,L,o 235 2,000 386  B,L,o 235 2,000 NT <700  U,UL,o 231 700 <700  U,UL,o 231 700 <700  U,UL,o 231 700 NT NT NT NT
Zinc <20  U,UL,w 0.6 20 <20  U,UL,w 0.6 20 NT <20  U,UL,o 4.44 20 <20 U,UL,o 4.44 20 7.216 J,L,o 4.44 20 NT NT NT NT
Dioxin/Furans (ng/L)
OCDD NT NT NT NT NT NT 0.00782  A ,B,z 0.00543 0.00543 NT <0.0956  U 0.0956 0.0956 NT
OCDF NT NT NT NT NT NT <0.00543  U 0.00543 0.00543 NT 0.0122  A,B,z 0.0956 0.0956 NT
1,2,3,4,6,7,8-HpCDD NT NT NT NT NT NT 0.00119  A 0.00271 0.00271 NT 0.00761  A 0.0478 0.0478 NT
1,2,3,4,6,7,8-HpCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.00966  A,B,z 0.0478 0.0478 NT
1,2,3,4,7,8,9-HpCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.00843  A 0.0478 0.0478 NT
1,2,3,4,7,8-HxCDD NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0108  A,J,w 0.0478 0.0478 NT
1,2,3,4,7,8-HxCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0146  A,B,z 0.0478 0.0478 NT
1,2,3,6,7,8-HxCDD NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.00902  A 0.0478 0.0478 NT
1,2,3,6,7,8-HxCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0164  A 0.0478 0.0478 NT
1,2,3,7,8,9-HxCDD NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.011  A 0.0478 0.0478 NT
1,2,3,7,8,9-HxCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0134  A 0.0478 0.0478 NT
1,2,3,7,8-PeCDD NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0177  A 0.0478 0.0478 NT
1,2,3,7,8-PeCDF NT NT NT NT NT NT 0.000651  A 0.00271 0.00271 NT 0.0236  A 0.0478 0.0478 NT
2,3,4,6,7,8-HxCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.011  A,J,w 0.0478 0.0478 NT
2,3,4,7,8-PeCDF NT NT NT NT NT NT 0.000782  A 0.00271 0.00271 NT 0.0178  A 0.0478 0.0478 NT
2,3,7,8-TCDD NT NT NT NT NT NT <0.00112  U 0.00112 0.00112 NT 0.00904  A 0.0096 0.0096 NT
2,3,7,8-TCDF NT NT NT NT NT NT <0.000608  U 0.000608 0.000608 NT 0.00524  A 0.0096 0.0096 NT
Total HpCDD NT NT NT NT NT NT 0.00221 0.00271 0.00271 NT 0.00761 0.0478 0.0478 NT
Total HpCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0181 0.0478 0.0478 NT
Total HxCDD NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.02 0.0478 0.0478 NT
Total HxCDF NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0444 0.0478 0.0478 NT
Total PeCDD NT NT NT NT NT NT <0.00271  U 0.00271 0.00271 NT 0.0177 0.0478 0.0478 NT
Total PeCDF NT NT NT NT NT NT 0.00143 0.00271 0.00271 NT 0.0415 0.0478 0.0478 NT
Total TCDD NT NT NT NT NT NT <0.00112  U 0.00112 0.00112 NT 0.00904 0.0096 0.0096 NT
Total TCDF NT NT NT NT NT NT <0.000608 U 0.000608 0.000608 NT 0.00524 0.0096 0.0096 NT

Notes:
CAS = Chemical Abstracts Service Data Qualifiers:
µg/L = Microgram Per Liter A = Amount detected is less than the Lower Detection Limit.
ng/L = Nanogram Per Liter B = Not detected substantially above the level reported in laboratory or field blanks.
TCL = Target Compound List J = Analyte present.  Reported value may not be accurate or precise.
MDL = Method Detection Limit L = Analyte present.  Reported value may be biased low.  Actual value is expected to be higher.
RL = Reporting Limit N = Presumptive evidence of a compound.
LQ = Laboratory Qualifier U = Not detected.  The associated number indicates the approximate sample concentration necessary to be detected.  
VQ = Validation Qualifier m = MS/MSD recovery failure.
r = Reason Code o = Calibration blank contamination
NT = Not Tested p = Preparation blank contamination

w = Identification criteria failure.
x = Field blank contamination.
z = Method blank contamination.
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TABLE D-3 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Surface Water and Sediment Pore Water – New River 

1 
 

Activity Comment 
Field Sampling 

Discuss sampling problems and field conditions 
that affect data usability. 

There were no problems identified during field 
sampling that affected data usability. 

Are samples representative of receptor exposure 
for this medium (e.g., sample depth, grab vs. 
composite, filtered vs. unfiltered, low flow, etc.)? 

Yes.  Unfiltered grab samples were collected for 
analysis and used in the risk assessment.  Low-flow 
sampling was used to collect the sediment pore-
water samples. 

Assess the effect of field QC results on data 
usability. 

Field duplicate samples were collected at the rate of 
1 per 10 for surface water and for sediment pore-
water samples.  The average concentration of the 
surface water sample and sediment pore-water 
sample and their associated duplicate samples were 
used in the risk assessments.   

Equipment rinsate blank samples were not collected 
given that new disposable tubing, sampling 
equipment, and a peristaltic pump were used to 
collect the samples.   

Matrix spike (MS)/matrix spike duplicate (MSD) 
samples were at the rate of 1 per 20 surface water 
and sediment-pore water samples.  No significant 
impact on data usability was identified based on the 
matrix spike results. 

Summarize the effect of field sampling issues on 
the risk assessment, if applicable. 

No significant sampling issues were noted.  See 
Sections 6.5.1 of the RFI/CMS Report discuss the 
uncertainty analysis for the human health risk 
assessment for sampling and analysis. 

Analytical Techniques 
Were the analytical methods appropriate for 
quantitative risk assessment? 

Yes.  Low-level SW-846 and EPA analytical 
methods were used for surface water and sediment 
pore-water analysis in accordance with the MWP 
and WPA No. 013.  Surface water and sediment-
pore water samples were analyzed for explosives by 
SW-846 Methods 8330 and 8332 and perchlorate by 
Method EPA 314.  

Were detection limits adequate? Yes.  Low-level SW-846 and EPA Methods were 
used.  The detection limits were adequate for 
screening against adjusted RBCs.   

Summarize the effect of analytical technique 
issues on risk assessment, if applicable. 

There were no analytical technical issues, which 
significantly affected the risk assessments.  Section 
6.5.1 of the RFI/CMS Report discusses the 
uncertainty analysis for the human health for 
sampling and analysis. 
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DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Surface Water and Sediment Pore Water – New River 
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Activity Comment 
Data Quality Objectives 

Precision – How were duplicates handled? Field duplicate samples were collected at the rate of 
1 per 10 for surface water and for sediment pore-
water samples.  The average concentration of the 
surface water sample and sediment pore-water 
sample and their associated duplicate samples were 
used in the risk assessments.   

Accuracy – How were split samples handled? Split samples were not collected. 

Representativeness – Indicate any problems 
associated with data representativeness (e.g., trip 
blank or rinsate blank contamination, COC 
problems, etc.). 

No significant issues regarding data 
representativeness were noted. 

Completeness – Indicate any problems associated 
with data completeness (e.g., incorrect sample 
analysis, incomplete sample records, problems 
with field procedures, etc.). 

No significant issues regarding completeness of the 
data were noted.  The overall completeness goal of 
90+2% for field activities was exceeded for 
analytical analysis and field data collection. 

Comparability – Indicate any problems associated 
with data comparability. 

No significant issues regarding comparability of the 
data were noted. 

Were the DQOs specified in the QAPP satisfied? Yes, the DQOs specified in the QAPP were 
satisfied. 

Summarize the effect of DQO issues on the risk 
assessment, if applicable. 

Not applicable 

Data Validation and Interpretation 

What are the data validation requirements for this 
region? 

EPA Region III modifications to the National 
Functional Guidelines for Data Validation.   

What method or guidance was used to validate the 
data? 

EPA Region III National Functional Guidelines for 
Data Validation. 

Was the data validation method consistent with 
regional guidance?  Discuss any discrepancies. 

Yes, there were no discrepancies. 

Were all data qualifiers defined?  Discuss those 
which were not. 

Yes, they were defined in the guidance document, 
data validation reports included in Appendix H of 
the RFI/CMS Report, and in the data tables included 
in Section 4.0 of the RFI/CMS Report. 

Which qualifiers represent usable data? J 

Which qualifiers represent unusable data? None 

How are tentatively identified compounds 
handled? 

Not applicable. 
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DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Surface Water and Sediment Pore Water – New River 

3 
 

Activity Comment 
Summarize the effect of data validation and 
interpretation issues on the risk assessment, if 
applicable. 

Section 6.5.1 of the RFI/CMS Report discusses 
uncertainties associated with qualified data. 

Additional notes: None. 
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TABLE D-4 
DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Sediment – New River 

1 
 

Activity Comment 
Field Sampling 

Discuss sampling problems and field conditions 
that affect data usability. 

There were no problems identified during field 
sampling that affected data usability. 

Are samples representative of receptor exposure 
for this medium (e.g., sample depth, grab vs. 
composite, filtered vs. unfiltered, low flow, etc.)? 

Yes.  Grab samples were collected for analysis and 
use in the nature and extent and fate and transport 
assessments.  Sediment data was not used in the risk 
assessment.   

Assess the effect of field QC results on data 
usability. 

Field duplicate samples were collected at the rate of 
1 per 10 for sediment samples.  The average 
concentration of the sediment sample and its 
associated duplicate sample were used in the risk 
assessments.   

Matrix spike (MS)/matrix spike duplicate (MSD) 
samples were at the rate of 1 per 20 sediment 
samples.  No significant impact on data usability 
was identified based on the matrix spike results. 

Summarize the effect of field sampling issues on 
the risk assessment, if applicable. 

No significant sampling issues were noted.   

Analytical Techniques 
Were the analytical methods appropriate for 
quantitative risk assessment? 

Yes.  Low-level SW-846 analytical methods were 
used for sediment analysis in accordance with the 
MWP and WPA No. 013.  Sediment samples were 
analyzed for explosives by SW-846 Methods 8330 
and 8332 and metals by SW-846 Methods 6010, 
6020, and 7471A. 

Were detection limits adequate? Yes.  Low-level SW-846 and EPA Methods were 
used.  The detection limits were adequate for 
screening against adjusted RBCs.   

Summarize the effect of analytical technique 
issues on risk assessment, if applicable. 

There were no analytical technical issues, which 
significantly affected the risk assessments.  Section 
6.5.1 of the RFI/CMS Report discusses the 
uncertainty analysis for human health risk 
assessment for sampling and analysis. 

Data Quality Objectives 
Precision – How were duplicates handled? Field duplicate samples were collected at the rate of 

1 per 10 for sediment samples.  The average 
concentration of the sediment sample and its 
associated duplicate sample were used in the nature 
and extent assessment and fate and transport 
assessment.   

Accuracy – How were split samples handled? Split samples were not collected. 
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DATA USABILITY WORKSHEET 

SITE:  SWMU 54  
MEDIUM: Sediment – New River 
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Activity Comment 
Representativeness – Indicate any problems 
associated with data representativeness (e.g., trip 
blank or rinsate blank contamination, COC 
problems, etc.). 

No significant issues regarding data 
representativeness were noted. 

Completeness – Indicate any problems associated 
with data completeness (e.g., incorrect sample 
analysis, incomplete sample records, problems 
with field procedures, etc.). 

No significant issues regarding completeness of the 
data were noted.  The overall completeness goal of 
90+2% for field activities was exceeded for 
analytical analysis and field data collection. 

Comparability – Indicate any problems associated 
with data comparability. 

No significant issues regarding comparability of the 
data were noted. 

Were the DQOs specified in the QAPP satisfied? Yes, the DQOs specified in the QAPP were 
satisfied. 

Summarize the effect of DQO issues on the risk 
assessment, if applicable. 

Not applicable. 

Data Validation and Interpretation 

What are the data validation requirements for this 
region? 

EPA Region III modifications to the National 
Functional Guidelines for Data Validation.   

What method or guidance was used to validate the 
data? 

EPA Region III National Functional Guidelines for 
Data Validation. 

Was the data validation method consistent with 
regional guidance?  Discuss any discrepancies. 

Yes, there were no discrepancies. 

Were all data qualifiers defined?  Discuss those 
which were not. 

Yes, they were defined in the guidance document, 
data validation reports included in Appendix H of 
the RFI/CMS Report, and in the data tables included 
in Section 4.0 of the RFI/CMS Report. 

Which qualifiers represent usable data? B, J, K, L, UJ 

Which qualifiers represent unusable data? None. 

How are tentatively identified compounds 
handled? 

Not applicable. 

Summarize the effect of data validation and 
interpretation issues on the risk assessment, if 
applicable. 

Section 6.5.1 of the RFI/CMS Report discusses 
uncertainties associated with qualified data. 

Additional notes: None. 
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Table E.1-2.3
Non-detected Chemical MDL Screening for Area A - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted R-

RBC

Maximum 
MDL 

Exceeds SL
TAL Metals
ANTIMONY 7440-36-0 mg/kg 45 0.0386 0.46 3.13 N
ARSENIC 7440-38-2 mg/kg 1 0.26 0.26 0.426 N
CADMIUM 7440-43-9 mg/kg 41 0.03 0.05 7.82 N
MERCURY [1] 7439-97-6 mg/kg 9 0.0077 0.019 -- --
SELENIUM 7782-49-2 mg/kg 20 0.0486 0.0486 39.11 N
SILVER 7440-22-4 mg/kg 44 0.07 0.1 39.11 N
SODIUM 7440-23-5 mg/kg 22 31.4 34.3 -- --
THALLIUM 7440-28-0 mg/kg 46 0.0733 0.64 0.548 Y
Pesticides/PCBs
4,4'-DDD 72-54-8 ug/kg 75 0.32 3.44 2.7E+03 N
4,4'-DDE 72-55-9 ug/kg 74 0.4 4.15 1.9E+03 N
4,4'-DDT 50-29-3 ug/kg 70 0.39 3.87 1.9E+03 N
ALDRIN 309-00-2 ug/kg 75 0.17 3.24 3.8E+01 N
ALPHA-BHC 319-84-6 ug/kg 75 0.26 3.64 1.0E+02 N
ALPHA-CHLORDANE [2] 5103-71-9 ug/kg 74 0.22 3.23 1.8E+03 N
BETA-BHC 319-85-7 ug/kg 75 0.28 4.51 3.5E+02 N
DELTA-BHC [3] 319-86-8 ug/kg 73 0.15 2.8 1.0E+02 N
DIELDRIN 60-57-1 ug/kg 75 0.43 3.39 4.0E+01 N
ENDOSULFAN I 959-98-8 ug/kg 75 0.43 3.77 4.7E+04 N
ENDOSULFAN II 33213-65-9 ug/kg 75 0.58 2.27 4.7E+04 N
ENDOSULFAN SULFATE [4] 1031-07-8 ug/kg 74 0.4 3.87 4.7E+04 N
ENDRIN 72-20-8 ug/kg 75 0.35 3.81 2.3E+03 N
ENDRIN ALDEHYDE [5] 7421-93-4 ug/kg 72 0.35 4.55 2.3E+03 N
ENDRIN KETONE [5] 53494-70-5 ug/kg 75 0.39 4.45 2.3E+03 N
GAMMA-BHC (LINDANE) 58-89-9 ug/kg 74 0.22 3.77 4.9E+02 N
GAMMA-CHLORDANE [2] 5103-74-2 ug/kg 73 0.35 3.29 1.8E+03 N
HEPTACHLOR 76-44-8 ug/kg 73 0.34 3.54 1.4E+02 N
HEPTACHLOR EPOXIDE 1024-57-3 ug/kg 70 0.26 4.98 7.0E+01 N
METHOXYCHLOR 72-43-5 ug/kg 73 1.4 6.72 3.9E+04 N
TOXAPHENE 8001-35-2 ug/kg 75 18 98.6 5.8E+02 N
AROCLOR 1016 12674-11-2 ug/kg 75 4.8 55 5.5E+02 N
AROCLOR 1221 11104-28-2 ug/kg 75 10.3 16 3.2E+02 N
AROCLOR 1232 11141-16-5 ug/kg 75 5.1 11.6 3.2E+02 N
AROCLOR 1242 53469-21-9 ug/kg 75 6.16 10 3.2E+02 N
AROCLOR 1248 12672-29-6 ug/kg 75 4.2 9.1 3.2E+02 N
AROCLOR 1254 [6] 11097-69-1 ug/kg 67 6.8 9.52 1.6E+02 N
AROCLOR 1260 11096-82-5 ug/kg 74 5 14.1 3.2E+02 N
TCL SVOCs
1,1'-BIPHENYL 92-52-4 ug/kg 36 22 22 3.9E+05 N
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 ug/kg 36 30 30 9.1E+03 N
2,4,5-TRICHLOROPHENOL 95-95-4 ug/kg 36 49 49 7.8E+05 N
2,4,6-TRICHLOROPHENOL 88-06-2 ug/kg 36 50 50 7.8E+03 N
2,4-DICHLOROPHENOL 120-83-2 ug/kg 36 22 22 2.3E+04 N
2,4-DIMETHYLPHENOL 105-67-9 ug/kg 36 30 30 1.6E+05 N
2,4-DINITROPHENOL 51-28-5 ug/kg 36 170 170 1.6E+04 N
2,4-DINITROTOLUENE 121-14-2 ug/kg 33 20 20 1.6E+04 N
2,6-DINITROTOLUENE 606-20-2 ug/kg 34 21 21 7.8E+03 N
2-CHLORONAPHTHALENE 91-58-7 ug/kg 36 22 22 6.3E+05 N
2-CHLOROPHENOL 95-57-8 ug/kg 36 18 18 3.9E+04 N
2-METHYLNAPHTHALENE 91-57-6 ug/kg 36 24 24 3.1E+04 N
2-METHYLPHENOL 95-48-7 ug/kg 36 27 27 3.9E+05 N
2-NITROANILINE 88-74-4 ug/kg 35 29 29 -- --
2-NITROPHENOL 88-75-5 ug/kg 36 26 26 -- --
3,3'-DICHLOROBENZIDINE 91-94-1 ug/kg 36 29 29 1.4E+03 N
3-NITROANILINE 99-09-2 ug/kg 36 34 34 -- --
4,6-DINITRO-2-METHYLPHENOL 534-52-1 ug/kg 36 35 35 -- --
4-BROMOPHENYL PHENYL ETHER 101-55-3 ug/kg 36 380 420 -- --
4-CHLORO-3-METHYLPHENOL 59-50-7 ug/kg 36 29 29 -- --
4-CHLOROANILINE 106-47-8 ug/kg 36 16 16 3.1E+04 N
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 ug/kg 36 380 420 -- --
4-METHYLPHENOL 106-44-5 ug/kg 36 48 48 3.9E+04 N
4-NITROANILINE 100-01-6 ug/kg 36 39 39 -- --
4-NITROPHENOL 100-02-7 ug/kg 36 75 75 -- --
ACENAPHTHENE 83-32-9 ug/kg 36 31 31 4.7E+05 N
ACENAPHTHYLENE [7] 208-96-8 ug/kg 35 17 17 2.3E+05 N
ACETOPHENONE 98-86-2 ug/kg 36 23 23 7.8E+05 N
ANTHRACENE 120-12-7 ug/kg 35 25 25 2.3E+06 N
ATRAZINE 1912-24-9 ug/kg 36 16 16 2.9E+03 N
BENZALDEHYDE 100-52-7 ug/kg 36 39 39 7.8E+05 N
BENZO(A)ANTHRACENE 56-55-3 ug/kg 34 29 29 2.2E+02 N
BENZO(A)PYRENE 50-32-8 ug/kg 34 23 23 2.2E+01 Y

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.1-2.3
Non-detected Chemical MDL Screening for Area A - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted R-

RBC

Maximum 
MDL 

Exceeds SL
BENZO(B)FLUORANTHENE 205-99-2 ug/kg 35 36 36 2.2E+02 N
BENZO(G,H,I)PERYLENE [7] 191-24-2 ug/kg 34 23 23 2.3E+05 N
BENZO(K)FLUORANTHENE 207-08-9 ug/kg 34 29 29 2.2E+03 N
BIS(2-CHLOROETHOXY)METHANE 111-91-1 ug/kg 36 21 21 -- --
BIS(2-CHLOROETHYL)ETHER 111-44-4 ug/kg 36 18 18 5.8E+02 N
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 ug/kg 11 32 32 4.6E+04 N
BUTYL BENZYL PHTHALATE 85-68-7 ug/kg 36 380 420 1.6E+06 N
CAPROLACTAM 105-60-2 ug/kg 36 62 62 3.9E+06 N
CARBAZOLE 86-74-8 ug/kg 36 29 29 3.2E+04 N
CHRYSENE 218-01-9 ug/kg 34 28 28 2.2E+04 N
DI-N-BUTYL PHTHALATE 84-74-2 ug/kg 26 380 420 7.8E+05 N
DI-N-OCTYL PHTHALATE 117-84-0 ug/kg 24 380 420 -- --
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/kg 35 21 21 2.2E+01 N
DIBENZOFURAN 132-64-9 ug/kg 36 24 24 7.8E+03 N
DIETHYL PHTHALATE 84-66-2 ug/kg 28 390 420 6.3E+06 N
DIMETHYL PHTHALATE 131-11-3 ug/kg 36 380 420 -- --
FLUORANTHENE 206-44-0 ug/kg 29 18 18 3.1E+05 N
FLUORENE 86-73-7 ug/kg 36 18 18 3.1E+05 N
HEXACHLOROBENZENE 118-74-1 ug/kg 36 22 22 4.0E+02 N
HEXACHLOROBUTADIENE 87-68-3 ug/kg 36 24 24 7.8E+03 N
HEXACHLOROCYCLOPENTADIENE 77-47-4 ug/kg 36 67 67 4.7E+04 N
HEXACHLOROETHANE 67-72-1 ug/kg 36 17 17 7.8E+03 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/kg 34 20 20 2.2E+02 N
ISOPHORONE 78-59-1 ug/kg 36 28 28 6.7E+05 N
NAPHTHALENE 91-20-3 ug/kg 36 21 21 1.6E+05 N
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 ug/kg 36 21 21 9.1E+01 N
N-NITROSODIPHENYLAMINE 86-30-6 ug/kg 30 380 420 1.3E+05 N
NITROBENZENE 98-95-3 ug/kg 35 28 28 3.9E+03 N
PENTACHLOROPHENOL 87-86-5 ug/kg 36 46 46 5.3E+03 N
PHENANTHRENE [7] 85-01-8 ug/kg 35 24 24 2.3E+05 N
PHENOL 108-95-2 ug/kg 36 34 34 2.3E+06 N
PYRENE 129-00-0 ug/kg 32 24 24 2.3E+05 N
Dioxin/Furans
1,2,3,4,6,7,8,9-OCDF (OCDF) 39001-02-0 pg/g 17 0.8 1.73 -- --
1,2,3,4,6,7,8-HpCDF 67562-39-4 pg/g 9 0.3 0.517 -- --
1,2,3,4,7,8,9-HpCDF 55673-89-7 pg/g 24 0.4 0.7 -- --
1,2,3,4,7,8-HxCDD 39227-28-6 pg/g 20 0.4 0.6 -- --
1,2,3,4,7,8-HxCDF 70648-26-9 pg/g 21 0.2 0.568 -- --
1,2,3,6,7,8-HxCDD 57653-85-7 pg/g 16 0.3 0.6 -- --
1,2,3,6,7,8-HxCDF 57117-44-9 pg/g 20 0.2 0.554 -- --
1,2,3,7,8,9-HxCDD 19408-74-3 pg/g 16 0.4 0.6 1.0E+02 N
1,2,3,7,8,9-HxCDF 72918-21-9 pg/g 21 0.3 0.536 -- --
1,2,3,7,8-PeCDD 40321-76-4 pg/g 23 0.2 0.554 -- --
1,2,3,7,8-PeCDF 57117-41-6 pg/g 14 0.2 0.517 -- --
2,3,4,6,7,8-HxCDF 60851-34-5 pg/g 20 0.2 0.554 -- --
2,3,4,7,8-PeCDF 57117-31-4 pg/g 11 0.2 0.517 -- --
2,3,7,8-TCDD 1746-01-6 pg/g 24 0.093 0.3 4.3E+00 N
2,3,7,8-TCDF 51207-31-9 pg/g 4 0.1 0.2 -- --
Total HpCDFs -- pg/g 11 0.3 0.517 -- --
Total HxCDDs -- pg/g 4 0.4 0.476 -- --
Total HxCDFs -- pg/g 9 0.2 0.517 -- --
Total PeCDDs -- pg/g 15 0.2 0.517 -- --
Total PeCDFs -- pg/g 9 0.2 0.517 -- --
Total TCDD 41903-57-5 pg/g 21 0.093 0.3 -- --
Total TCDF 55722-27-5 pg/g 3 0.1 0.2 -- --
TCL PAHs
ACENAPHTHENE 83-32-9 ug/kg 20 5.8 51 4.7E+05 N
ACENAPHTHYLENE [7] 208-96-8 ug/kg 26 5.9 53 2.3E+05 N
ANTHRACENE 120-12-7 ug/kg 34 5.4 53 2.3E+06 N
BENZO(A)ANTHRACENE 56-55-3 ug/kg 19 2.2 10 2.2E+02 N
BENZO(A)PYRENE 50-32-8 ug/kg 23 1.6 10 2.2E+01 N
BENZO(B)FLUORANTHENE 205-99-2 ug/kg 21 1.7 10 2.2E+02 N
BENZO(G,H,I)PERYLENE [7] 191-24-2 ug/kg 30 3.6 10 2.3E+05 N
BENZO(K)FLUORANTHENE 207-08-9 ug/kg 22 1.4 10 2.2E+03 N
CHRYSENE 218-01-9 ug/kg 21 2.4 10 2.2E+04 N
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/kg 30 4.2 10 2.2E+01 N
FLUORANTHENE 206-44-0 ug/kg 9 2.1 2.1 3.1E+05 N
FLUORENE 86-73-7 ug/kg 35 14 53 3.1E+05 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/kg 29 2.5 10 2.2E+02 N
NAPHTHALENE 91-20-3 ug/kg 20 14 53 1.6E+05 N
PHENANTHRENE [7] 85-01-8 ug/kg 29 8.5 53 2.3E+05 N
PYRENE 129-00-0 ug/kg 11 4.3 20 2.3E+05 N

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.1-2.3
Non-detected Chemical MDL Screening for Area A - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted R-

RBC

Maximum 
MDL 

Exceeds SL
PCB Congeners
123-PeCB 65510-44-3 pg/g 1 3.83 3.83 -- --
126-PeCB 57465-28-8 pg/g 1 3.83 3.83 -- --
169-HxCB 32774-16-6 pg/g 1 3.83 3.83 -- --
209-DeCB 2051-24-3 pg/g 1 3.83 3.83 -- --
81-TeCB 70362-50-4 pg/g 1 3.83 3.83 -- --
Explosives
1,3,5-TRINITROBENZENE 99-35-4 mg/kg 101 0.079 0.287 2.3E+02 N
1,3-DINITROBENZENE 99-65-0 mg/kg 102 0.0518 0.097 7.8E-01 N
2,4,6-TRINITROTOLUENE [8] 118-96-7 mg/kg 94 0.051 0.16 3.9E+00 N
2,4-DINITROTOLUENE 121-14-2 mg/kg 100 0.0728 0.12 1.6E+01 N
2,6-DINITROTOLUENE 606-20-2 mg/kg 101 0.0987 0.19 7.8E+00 N
2-AMINO-4,6-DINITROTOLUENE 35572-78-2 mg/kg 96 0.088 1 1.6E+01 N
2-NITROTOLUENE 88-72-2 mg/kg 103 0.0707 0.16 7.8E+01 N
3-NITROTOLUENE 99-08-1 mg/kg 103 0.11 0.161 -- --
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 mg/kg 97 0.053 0.095 1.6E+01 N
4-NITROTOLUENE 99-99-0 mg/kg 103 0.116 0.27 3.1E+01 N
HMX (OCTAHYDRO-1,3,5,7-TETRANITRO-1,3,5,7-TET) 2691-41-0 mg/kg 102 0.1 0.242 3.9E+02 N
NITROBENZENE 98-95-3 mg/kg 103 0.0885 0.17 3.9E+00 N
RDX (HEXAHYDRO-1,3,5-TRINITRO-1,3,5-TRIAZINE) 121-82-4 mg/kg 103 0.0887 0.28 5.8E+00 N
TETRYL (METHYL-2,4,6-TRINITROPHENYLNITRAMINE) 479-45-8 mg/kg 103 0.0587 0.4 3.1E+01 N
Nitroglycerin
NITROGLYCERIN 55-63-0 mg/kg 88 1 1.69 7.8E-01 Y

Notes:
CAS = Chemical Abstracts Service Y = MDL exceeds screening level
mg/kg = Milligram Per Kilogram N = MDL does not exceed screening level
ug/kg = Microgram Per Kilogram NS = No screening level available
pg/g = Picogram Per Gram SL = Screening Level
TAL = Target Analyte List [1] = Mercuric chloride soil RBC value used
TCL = Target Compound List [2] = Chlordane RBC value was used
PCB = Polychlorinated Biphenyl [3] = Alpha-BHC RBC value was used
SVOC = Semivolatile Organic Compound [4] = Endosulfan RBC value was used
PAH = Polynuclear Aromatic Hydrocarbon [5] = Endrin RBC value was used
MDL = Method Detection Limit
RBC =  USEPA Region III Risk-Based Concentration
             (RBC) values from the October 11, 2007, [7] = Pyrene RBC value was used
             RBC Table and October 11, 2007, Alternate RBC Table
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens
R-RBC = Residential RBC

[6] = Noncarcinogenic Residential RBC value for Aroclor 
1254 was used for screening

[8] =  Noncarcinogenic Residential and Industrial RBC 
values for 2,4,6-Trinitrotoluene were used for screening

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table E.1-2.5
Area A Groundwater Non-Detects MDL Screening

SWMU 54 RFI/CMS Report
Radford Army Ammunition PLant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted
T-RBC

Maximum 
MDL 

Exceeds SL
Perchlorate
PERCHLORATE 14797-73-0 ug/L 12 0.1 1.84 2.56 N
PERCHLORATE (November/December 2006) 14797-73-0 ug/L 7 1.84 1.84 2.56 N
PERCHLORATE (March 2007) 14797-73-0 ug/L 2 0.036 0.036 2.56 N
PERCHLORATE (June 2007) 14797-73-1 ug/L 1 0.08 0.08 2.56 N
PERCHLORATE (September 2007) 14797-73-2 ug/L 2 0.2 0.2 2.56 N
TAL Metals
ALUMINUM 7429-90-5 ug/L 1 29.5 29.5 3,650 N
ALUMINUM, DISSOLVED 7429-90-5 ug/L 5 11.8 100 3,650 N
ANTIMONY 7440-36-0 ug/L 6 1.8 10 1.46 Y
ANTIMONY, DISSOLVED 7440-36-0 ug/L 6 2.3 10 1.46 Y
ARSENIC 7440-38-2 ug/L 5 3.6 10 0.045 Y
ARSENIC, DISSOLVED 7440-38-2 ug/L 6 3.7 10 0.045 Y
BERYLLIUM 7440-41-7 ug/L 5 0.2 5 7.3 N
BERYLLIUM, DISSOLVED 7440-41-7 ug/L 6 0.2 5 7.3 N
CADMIUM 7440-43-9 ug/L 6 0.3 5 1.825 Y
CADMIUM, DISSOLVED 7440-43-9 ug/L 6 0.4 5 1.825 Y
CHROMIUM, DISSOLVED[1] 7440-47-3 ug/L 2 5 5 10.95 N
COBALT 7440-48-4 ug/L 2 0.9 0.9 -- NS
COBALT, DISSOLVED 7440-48-4 ug/L 2 0.5 0.5 -- NS
COPPER 7440-50-8 ug/L 5 1.2 5 146 N
COPPER, DISSOLVED 7440-50-8 ug/L 6 1.5 5 146 N
IRON, DISSOLVED 7439-89-6 ug/L 3 8.7 8.7 2,555 N
LEAD [2] 7439-92-1 ug/L 3 1.3 1.3 15 N
LEAD, DISSOLVED [2] 7439-92-1 ug/L 6 1.1 3 15 N
MANGANESE 7439-96-5 ug/L 4 1.64 1.68 73 N
MANGANESE, DISSOLVED 7439-96-5 ug/L 4 1.64 1.68 73 N
MERCURY [3] 7439-97-6 ug/L 5 0.1 0.2 -- NS
MERCURY, DISSOLVED [3] 7439-97-6 ug/L 6 0.1 0.2 -- NS
SELENIUM 7782-49-2 ug/L 4 2.1 5 18.25 N
SILVER 7440-22-4 ug/L 6 0.8 5 18.25 N
SILVER, DISSOLVED 7440-22-4 ug/L 6 0.7 5 18.25 N
THALLIUM 7440-28-0 ug/L 6 3.8 10 0.256 Y
THALLIUM, DISSOLVED 7440-28-0 ug/L 6 4.4 10 0.256 Y
VANADIUM 7440-62-2 ug/L 4 0.7 20 3.65 Y
VANADIUM, DISSOLVED 7440-62-2 ug/L 4 0.4 20 3.65 Y
Pesticides/PCBs
4,4'-DDD 72-54-8 ug/L 7 0.0036 0.0036 2.8E-01 N
4,4'-DDE 72-55-9 ug/L 7 0.0036 0.0036 2.0E-01 N
4,4'-DDT 50-29-3 ug/L 7 0.0036 0.0036 2.0E-01 N
ALDRIN 309-00-2 ug/L 7 0.0027 0.0027 3.9E-03 N
ALPHA-BHC 319-84-6 ug/L 7 0.0034 0.0034 1.1E-02 N
ALPHA-CHLORDANE [4] 5103-71-9 ug/L 7 0.0033 0.0033 1.9E-01 N
BETA-BHC 319-85-7 ug/L 7 0.003 0.003 3.7E-02 N
DELTA-BHC [5] 319-86-8 ug/L 7 0.0031 0.0031 1.1E-02 N
DIELDRIN 60-57-1 ug/L 7 0.0032 0.0032 4.2E-03 N
ENDOSULFAN I 959-98-8 ug/L 7 0.0028 0.0028 2.2E+01 N
ENDOSULFAN II 33213-65-9 ug/L 7 0.0031 0.0031 2.2E+01 N
ENDOSULFAN SULFATE [6] 1031-07-8 ug/L 7 0.0041 0.0041 2.2E+01 N
ENDRIN 72-20-8 ug/L 7 0.0029 0.0029 1.1E+00 N
ENDRIN ALDEHYDE [7] 7421-93-4 ug/L 7 0.0037 0.0037 1.1E+00 N
ENDRIN KETONE [7] 53494-70-5 ug/L 7 0.0045 0.0045 1.1E+00 N
GAMMA-BHC (LINDANE) 58-89-9 ug/L 7 0.0026 0.0026 5.2E-02 N
GAMMA-CHLORDANE [4] 5103-74-2 ug/L 7 0.0034 0.0034 1.9E-01 N
HEPTACHLOR 76-44-8 ug/L 7 0.003 0.003 1.5E-02 N
HEPTACHLOR EPOXIDE 1024-57-3 ug/L 7 0.0031 0.0031 7.4E-03 N
METHOXYCHLOR 72-43-5 ug/L 7 0.0036 0.0036 1.8E+01 N
TOXAPHENE 8001-35-2 ug/L 7 0.1 0.1 6.1E-02 Y
AROCLOR 1016 12674-11-2 ug/L 7 0.046 0.046 2.6E-01 N
AROCLOR 1221 11104-28-2 ug/L 7 0.053 0.053 3.3E-02 Y
AROCLOR 1232 11141-16-5 ug/L 7 0.05 0.05 3.3E-02 Y
AROCLOR 1242 53469-21-9 ug/L 7 0.053 0.053 3.3E-02 Y
AROCLOR 1248 12672-29-6 ug/L 7 0.024 0.024 3.3E-02 N
AROCLOR 1254 [8] 11097-69-1 ug/L 7 0.038 0.038 3.3E-02 Y
AROCLOR 1260 11096-82-5 ug/L 7 0.045 0.045 3.3E-02 Y
SVOCs
1,1'-BIPHENYL 92-52-4 ug/L 3 1 1 3.0E+01 N
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 ug/L 3 1 1 2.6E-01 Y
2,4,5-TRICHLOROPHENOL 95-95-4 ug/L 3 3 3 3.7E+02 N
2,4,6-TRICHLOROPHENOL 88-06-2 ug/L 3 3 3 3.6E+00 N
2,4-DICHLOROPHENOL 120-83-2 ug/L 3 2 2 1.1E+01 N
2,4-DIMETHYLPHENOL 105-67-9 ug/L 3 1 1 7.3E+01 N
2,4-DINITROPHENOL 51-28-5 ug/L 3 5 5 7.3E+00 N
2,4-DINITROTOLUENE 121-14-2 ug/L 1 1 1 7.3E+00 N
2,6-DINITROTOLUENE 606-20-2 ug/L 3 0.8 0.8 3.7E+00 N

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.1-2.5
Area A Groundwater Non-Detects MDL Screening

SWMU 54 RFI/CMS Report
Radford Army Ammunition PLant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted
T-RBC

Maximum 
MDL 

Exceeds SL
2-CHLORONAPHTHALENE 91-58-7 ug/L 3 1 1 4.9E+01 N
2-CHLOROPHENOL 95-57-8 ug/L 3 2 2 3.0E+00 N
2-METHYLNAPHTHALENE 91-57-6 ug/L 3 2 2 2.4E+00 N
2-METHYLPHENOL 95-48-7 ug/L 3 1 1 1.8E+02 N
2-NITROANILINE 88-74-4 ug/L 3 2 2 -- NS
2-NITROPHENOL 88-75-5 ug/L 3 2 2 -- NS
3,3'-DICHLOROBENZIDINE 91-94-1 ug/L 3 1 1 1.5E-01 Y
3-NITROANILINE 99-09-2 ug/L 3 2 2 -- NS
4,6-DINITRO-2-METHYLPHENOL 534-52-1 ug/L 3 1 1 -- NS
4-BROMOPHENYL PHENYL ETHER 101-55-3 ug/L 3 10 10 -- NS
4-CHLORO-3-METHYLPHENOL 59-50-7 ug/L 3 1 1 -- NS
4-CHLOROANILINE 106-47-8 ug/L 3 1 1 1.5E+01 N
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 ug/L 3 10 10 -- NS
4-METHYLPHENOL 106-44-5 ug/L 3 2 2 1.8E+01 N
4-NITROANILINE 100-01-6 ug/L 3 2 2 -- NS
4-NITROPHENOL 100-02-7 ug/L 3 3 3 -- NS
ACENAPHTHENE 83-32-9 ug/L 3 1 1 3.7E+01 N
ACENAPHTHYLENE [9] 208-96-8 ug/L 3 1 1 1.8E+01 N
ACETOPHENONE 98-86-2 ug/L 3 1 1 6.1E+01 N
ANTHRACENE 120-12-7 ug/L 3 1 1 1.8E+02 N
ATRAZINE 1912-24-9 ug/L 3 0.5 0.5 3.0E-01 Y
BENZALDEHYDE 100-52-7 ug/L 3 3 3 3.7E+02 N
BIS(2-CHLOROETHOXY)METHANE 111-91-1 ug/L 3 1 1 -- NS
BIS(2-CHLOROETHYL)ETHER 111-44-4 ug/L 3 1 1 9.6E-03 Y
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 ug/L 3 1 1 4.8E+00 N
BENZO(A)ANTHRACENE 56-55-3 ug/L 3 0.9 0.9 3.0E-02 Y
BENZO(A)PYRENE 50-32-8 ug/L 3 0.9 0.9 3.0E-03 Y
BENZO(B)FLUORANTHENE 205-99-2 ug/L 3 2 2 3.0E-02 Y
BENZO(G,H,I)PERYLENE [9] 191-24-2 ug/L 3 0.9 0.9 1.8E+01 N
BENZO(K)FLUORANTHENE 207-08-9 ug/L 3 2 2 3.0E-01 Y
BUTYL BENZYL PHTHALATE 85-68-7 ug/L 3 10 10 7.3E+02 N
CAPROLACTAM 105-60-2 ug/L 3 1 1 1.8E+03 N
CARBAZOLE 86-74-8 ug/L 3 1 1 3.3E+00 N
CHRYSENE 218-01-9 ug/L 3 1 1 3.0E+00 N
DI-N-BUTYL PHTHALATE 84-74-2 ug/L 3 10 10 3.7E+02 N
DI-N-OCTYL PHTHALATE 117-84-0 ug/L 3 10 10 -- NS
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/L 3 0.8 0.8 3.0E-03 Y
DIBENZOFURAN 132-64-9 ug/L 3 1 1 3.7E+00 N
DIETHYL PHTHALATE 84-66-2 ug/L 3 10 10 2.9E+03 N
DIMETHYL PHTHALATE 131-11-3 ug/L 3 10 10 -- NS
FLUORANTHENE 206-44-0 ug/L 3 1 1 1.5E+02 N
FLUORENE 86-73-7 ug/L 3 0.9 0.9 2.4E+01 N
HEXACHLOROBENZENE 118-74-1 ug/L 3 1 1 4.2E-02 Y
HEXACHLOROBUTADIENE 87-68-3 ug/L 3 2 2 8.6E-01 Y
HEXACHLOROCYCLOPENTADIENE 77-47-4 ug/L 3 1 1 2.2E+01 N
HEXACHLOROETHANE 67-72-1 ug/L 3 1 1 3.7E+00 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/L 3 0.8 0.8 3.0E-02 Y
ISOPHORONE 78-59-1 ug/L 3 1 1 7.0E+01 N
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 ug/L 3 1 1 9.6E-03 Y
N-NITROSODIPHENYLAMINE 86-30-6 ug/L 3 10 10 1.4E+01 N
NAPHTHALENE 91-20-3 ug/L 3 1 1 6.5E-01 Y
NITROBENZENE 98-95-3 ug/L 3 2 2 3.5E-01 Y
PENTACHLOROPHENOL 87-86-5 ug/L 3 3 3 5.6E-01 Y
PHENOL 108-95-2 ug/L 3 0.8 0.8 1.1E+03 N
PHENANTHRENE [9] 85-01-8 ug/L 3 1 1 1.8E+01 N
PYRENE 129-00-0 ug/L 3 1 1 1.8E+01 N
Dioxin/Furans
OCDF 39001-02-0 ng/L 2 0.00521 0.00661 -- NS
1,2,3,4,6,7,8-HpCDD 35822-39-4 ng/L 2 0.00336 0.00355 -- NS
1,2,3,4,6,7,8-HpCDF 67562-39-4 ng/L 3 0.00258 0.0026 -- NS
1,2,3,4,7,8,9-HpCDF 55673-89-7 ng/L 3 0.00258 0.0026 -- NS
1,2,3,4,7,8-HxCDD 39227-28-6 ng/L 3 0.00258 0.0026 -- NS
1,2,3,4,7,8-HxCDF 70648-26-9 ng/L 3 0.00258 0.0026 -- NS
1,2,3,6,7,8-HxCDD 57653-85-7 ng/L 3 0.00258 0.0026 -- NS
1,2,3,6,7,8-HxCDF 57117-44-9 ng/L 3 0.00258 0.0026 -- NS
1,2,3,7,8,9-HxCDD 19408-74-3 ng/L 3 0.00258 0.0026 1.1E-02 N
1,2,3,7,8,9-HxCDF 72918-21-9 ng/L 3 0.00258 0.0026 -- NS
1,2,3,7,8-PeCDD 40321-76-4 ng/L 3 0.00258 0.0026 -- NS
1,2,3,7,8-PeCDF 57117-41-6 ng/L 3 0.00258 0.0026 -- NS
2,3,4,6,7,8-HxCDF 60851-34-5 ng/L 3 0.00258 0.0026 -- NS
2,3,4,7,8-PeCDF 57117-31-4 ng/L 2 0.00258 0.00259 -- NS
2,3,7,8-TCDD 1746-01-6 ng/L 3 0.00224 0.00459 4.5E-04 Y
2,3,7,8-TCDF 51207-31-9 ng/L 3 0.00121 0.00267 -- NS
Total HpCDDs 37871-00-4 ng/L 2 0.00336 0.00355 -- NS
Total HpCDFs 38998-75-3 ng/L 3 0.00258 0.0026 -- NS
Total HxCDDs 34465-46-8 ng/L 3 0.00258 0.0026 -- NS

Radford Army Ammunition Plant
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Table E.1-2.5
Area A Groundwater Non-Detects MDL Screening

SWMU 54 RFI/CMS Report
Radford Army Ammunition PLant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted
T-RBC

Maximum 
MDL 

Exceeds SL
Total HxCDFs 55684-94-1 ng/L 3 0.00258 0.0026 -- NS
Total PeCDDs 36088-22-9 ng/L 3 0.00258 0.0026 -- NS
Total PeCDFs 30402-15-4 ng/L 3 0.00258 0.0026 -- NS
Total TCDDs 41903-57-5 ng/L 3 0.00224 0.00459 -- NS
Total TCDFs 55722-27-5 ng/L 3 0.00121 0.00267 -- NS
PAHs
ACENAPHTHENE 83-32-9 ug/L 3 0.3 0.3 3.7E+01 N
ACENAPHTHYLENE [9] 208-96-8 ug/L 3 0.22 0.22 1.8E+01 N
ANTHRACENE 120-12-7 ug/L 3 0.25 0.25 1.8E+02 N
BENZO(A)ANTHRACENE 56-55-3 ug/L 3 0.047 0.047 3.0E-02 Y
BENZO(A)PYRENE 50-32-8 ug/L 3 0.029 0.029 3.0E-03 Y
BENZO(B)FLUORANTHENE 205-99-2 ug/L 3 0.04 0.04 3.0E-02 Y
BENZO(G,H,I)PERYLENE [9] 191-24-2 ug/L 3 0.18 0.18 1.8E+01 N
BENZO(K)FLUORANTHENE 207-08-9 ug/L 3 0.05 0.05 3.0E-01 N
CHRYSENE 218-01-9 ug/L 3 0.061 0.061 3.0E+00 N
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/L 3 0.082 0.082 3.0E-03 Y
FLUORANTHENE 206-44-0 ug/L 3 0.074 0.074 1.5E+02 N
FLUORENE 86-73-7 ug/L 3 0.44 0.44 2.4E+01 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/L 3 0.089 0.089 3.0E-02 Y
NAPHTHALENE 91-20-3 ug/L 3 0.38 0.38 6.5E-01 N
PHENANTHRENE [9] 85-01-8 ug/L 3 0.21 0.21 1.8E+01 N
PYRENE 129-00-0 ug/L 3 0.12 0.12 1.8E+01 N
Explosives
1,3,5-TRINITROBENZENE 99-35-4 ug/L 29 0.045 7.2 1.1E+02 N
1,3-DINITROBENZENE 99-65-0 ug/L 46 0.071 7.2 3.7E-01 Y
2,4,6-TRINITROTOLUENE [10] 118-96-7 ug/L 18 0.0749 7.2 1.8E+00 Y
2,4-DINITROTOLUENE 121-14-2 ug/L 44 0.092 7.2 7.3E+00 N
2,6-DINITROTOLUENE 606-20-2 ug/L 43 0.16 9.6 3.7E+00 Y
2-AMINO-4,6-DINITROTOLUENE 35572-78-2 ug/L 21 0.2 9.6 7.3E+00 Y
2-NITROTOLUENE 88-72-2 ug/L 45 0.26 7.2 6.1E+00 Y
3-NITROTOLUENE 99-08-1 ug/L 46 0.17 7.2 -- NS
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 ug/L 27 0.22 9.6 7.3E+00 Y
4-NITROTOLUENE 99-99-0 ug/L 40 0.146 7.2 4.2E+00 Y
HMX (OCTAHYDRO-1,3,5,7-TETRANITRO-1,3,5, 2691-41-0 ug/L 23 0.15 5 1.8E+02 N
NITROBENZENE 98-95-3 ug/L 43 0.0579 7.2 3.5E-01 Y
RDX (HEXAHYDRO-1,3,5-TRINITRO-1,3,5-TRIA 121-82-4 ug/L 29 0.092 7.2 6.1E-01 Y
TETRYL (METHYL-2,4,6-TRINITROPHENYLNITRA 479-45-8 ug/L 34 0.15 9.6 1.5E+01 N
Nitroglycerin
NITROGLYCERIN 55-63-0 ug/L 18 0.59 24 3.7E-01 Y

Notes:
CAS = Chemical Abstracts Service Y = MDL exceeds screening level
µg/L = Microgram Per Liter N = MDL does not exceed screening level
ng/L = Nanogram Per Liter NS = No screening level available
TAL = Target Analyte List [1] = Chromium IV RBC value was used
TCL = Target Compound List [2] = Lead criteria are Action Levels; see USEPA Region III guidance
PCB = Polychlorinated Biphenyl [3] = Mercuric chloride soil RBC value used
SVOC = Semivolatile Organic Compound [4] = Chlordane RBC value was used
PAH = Polynuclear Aromatic Hydrocarbon [5] = Alpha-BHC RBC value was used
MDL = Method Detection Limit [6] = Endosulfan RBC value was used
RBC =  USEPA Region III Risk-Based Concentration [7] = Endrin RBC value was used
             (RBC) values from the October 11, 2007, 
             RBC Table and October 11, 2007, Alternate RBC Table
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens [9] = Pyrene RBC value was used
T-RBC = Tap Water RBC [10] =  Noncarcinogenic Residential and Industrial RBC 

values for 2,4,6-Trinitrotoluene were used for screening

[8] = Noncarcinogenic Residential RBC value for Aroclor 
1254 was used for screening

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Analyte CAS ABSd * Di Dw Koc Kd H Da VFC/I Worker/ VF Maint. Worker VFConst. Worker VFAdult Resident VFChild  Resident VFAdol. Tres.

(m3/kg) (cm2/s) (cm2/s) (cm3/g) (cm3/g) (unitless) (cm2/sec) (m3/kg) (m3/kg) (m3/kg) (m3/kg) (m3/kg)

Aluminum 7429-90-5 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Antimony 7440-36-0 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Arsenic 7440-38-2 3.00E-02 -- -- -- -- -- -- -- -- -- -- --
Chromium 7440-47-3 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Cobalt 7440-48-4 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Iron 7439-89-6 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Manganese 7439-96-5 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Thallium 7440-28-0 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
Vanadium 7440-62-2 1.00E-02 -- -- -- -- -- -- -- -- -- -- --

Heptachlor epoxide 1024-57-3 1.00E-01 -- -- -- -- -- -- -- -- -- -- --
Aroclor 1254 11097-69-1 1.40E-01 -- -- -- -- -- -- -- -- -- -- --
2-Nitroaniline 88-74-4 1.00E-01 -- -- -- -- -- -- -- -- -- -- --
Di-n-octylphthalate 117-84-0 1.00E-01 -- -- -- -- -- -- -- -- -- -- --
Benzo(a)anthracene 56-55-3 1.30E-01 -- -- -- -- -- -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 1.30E-01 -- -- -- -- -- -- -- -- -- -- --
Benzo(b)fluoranthene 205-99-2 1.30E-01 -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene 53-70-3 1.30E-01 -- -- -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene 193-39-5 1.30E-01 -- -- -- -- -- -- -- -- -- -- --
2,4,6-Trinitrotoluene[1] 118-96-7 3.00E-02 -- -- -- -- -- -- -- -- -- -- --
2,4-Dinitrotoluene 121-14-2 1.00E-01 -- -- -- -- -- -- -- -- -- -- --
2,6-Dinitrotoluene 606-20-2 1.00E-01 -- -- -- -- -- -- -- -- -- -- --
Dinitrotoluene Mix[2] -- 1.00E-01 -- -- -- -- -- -- -- -- -- -- --
Nitroglycerin [1] 55-63-0 1.00E-02 -- -- -- -- -- -- -- -- -- -- --
2,3,7,8-TCDD Equivalents 1746-01-6 3.00E-02 -- -- -- -- -- -- -- -- -- -- --

Notes:
VOCs were not identified as COPC in 
CAS = Chemical Abstract Service
ABSd = Dermal Absorption Fraction
VF = Volatilization Factor
Da = Apparent Diffusivity
m3/kg = cubic meters per kilogram
cm2/s = centimeter squared per second

*ABSd values are taken from Exhibit 3-4, Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health Evaluation and VF (soil only) values for construction worker were calculated using the following equations and values from the
Manual, Part E; Supplemental Guidance for Dermal Risk Assessment, July 2004, and  Region III Technical Guidance, Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. USEPA, 2002.
Assessing Dermal Exposure in Soil, December 1995. Equation 5-14 from USEPA 2002:
[1] = ABSd value for 2,4,6-Trinitrotoluene and nitroglycerin from RAIS VF = Q/Csa*1/FD*(3.14*DA*T)1/2*CF/(2*ρb*DA)
[2]= ABSd value for 2,4-Dintrotoluene used for  Dinitrotoluene Mix Q/Csa (g/m2-s)/kg/m3) = 11.40 calculated value

FD (unitless) = 0.185 default
Da values calculated using the following equation and values from the Supplemental Guidance for DA (cm2/sec) = varies chemical specific (see above)

Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. USEPA, 2002. T (sec) = 3.15E+07 receptor specific exposure interval (T= ED(yrs)*365 days/year*24 hours/day*60 min/hour*60sec/min)
Equation 4-8 from USEPA, 2002: CF (m2/cm2) = 1.00E-04 default

Da =[((Θa
10/3 x Di x H) + (Θw

10/3 x Dw))/n2]/[((ρb x Kd) + Θw + (Θa x H)] ρb (kg/L) = 1.5 default
Θa (Lair/Lsoil) = 0.28 Equation 5-15 from USEPA, 2002:

Θw (Lwater/Lsoil) = 0.15 Q/Csa = A*e^((lnAc 11.40
Di(cm2/sec) = varies A= 2.4538 default

Dw(cm2/sec) = varies B = 17.566 default
H(unitless) = varies C = 189.0426 default

n (LPore/Lsoil) = 0.43 Ac (acres)= 1.69 contaminated site area
ρb (g/cm3) = 1.50
Kd (cm3/g) = varies

Koc (cm3/g) = varies
foc (g/g) = 0.006

Table E.1-4.3.RME
Dermal Absorption Fractions and Volatilization Factors for Soil/Sediment - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Radford Army Ammunition Plant
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Table E.1-4.3.RME
Dermal Absorption Fractions and Volatilization Factors for Soil/Sediment - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Notes (continued):
VF (soil only) values for commercial/industrial worker, adult resident, and child resident, and adolescent tresspasser calculated using the following equations and values from the

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. USEPA, 2002.
Equation 4-8 from USEPA, 2002:

VF = Q/Cvol*(3.14*DA*T)1/2*CF/(2*ρb*Da)
Q/Cvol (g/m2-s)/kg/m3) = 46.89 calculated value

DA (cm2/sec) = varies chemical specific (see above)
T (sec) = varies receptor specific exposure interval (T= ED(yrs)*365 days/year*24 hours/day*60 min/hour*60sec/min)

(Maintenance Worker=7.88E+08 sec, Commercial/Industrial Worker=7.88E+08 sec, Adult Resident=7.56E+08, and Child Resident=1.89E+08)
CF (m2/cm2) = 1.00E-04 default

ρb (g/cm3) 1.5 default
Exhibit D-3 from USEPA, 2002:

Q/Cvol = A*e^((lnAsite - B)2/C)) = 46.89
A = 9.9253 Huntington value
B = 18.6636 Huntington value
C = 211.8862 Huntington value

Asite (acres)= 1.69 contaminated site area

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.1-4.4.RME
PEF Calculations - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Commercial/Industrial Worker
Equation 4-5 from Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. 

OSWER 9355.4-24. USEPA, 2002.

Parameter Value
PEF 6.80E+08
Q/Cwind 46.89 calculated below
V 0.5 default
Um 4.69 default
Ut 11.32 default
F(x) 0.194 default

PEF = particulate emission factor (m3/kg)
s/h = seconds per hour
Q/Cwind = Inverse of the ratio of the geometric mean air concentration to the emission flux at the

 center of a square source (g/m3-s per kg/m3)
V = fraction of vegatative cover (unitless)
Um = mean annual windspeed (m/s)
Ut = equivalent threshold value of windspeed at 7m (m/s)
F(x) = function dependent on Um/Ut derived using Cowherd et al. (1985)
Site Area = 1.69

Q/Cwind calculated in accordance with Exhibit D-2 from USEPA, 2002
using A, B, and C values for Huntington, WV:
Q/Cwind = A*e^((lnAsite - B)2/C))

Q/Cwind= 46.89
A = 9.9253 unitless
B = 18.6636 unitless
C = 211.8862 unitless
Asite= 1.69 acres

)()^3/()1(036.0
/600,3/

xFUUV
hsCQPEF

tm
wind

⋅⋅−⋅
= ⋅

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.1-4.4.RME
PEF Calculations - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Construction Worker
Equation 5-5 from Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. 

OSWER 9355.4-24. USEPA, 2002.

Parameter Value
PEFsc 1.20E+06
Q/Csr 18.89 calculated
FD 0.185 default
T (sec) 7,488,000 assumed-see below
AR (m

2) 504 calculated
W (tons) 8 assumed-see below
p (days/yr) 140 determined-see below
sumVKT (km) 632 assumed-see below

PEFsr = subchronic road particulate emission factor (m3/kg)
Q/Csr = Inverse of the ratio of the 1-h geometric mean air concentration to the emission flux along a 

straight road segment bisecting a square site (g/m2-s per kg/m3)
FD = dispersion correction factor (unitless)
T = total time over which construction occurs-total time period assumed to be 6 months 

(52wks x 5days per week x  8 hours per day x 3,600 s per hour)
AR = surface area of contaminated road segment (m2)

LR = length of road segment (assumed to equal to (1.69 acres*43,560 ft2/acre)1/2)
WR = width of road segment (assumed to be 20 ft)

AR = LR x WR x 0.092903m2/ft2

AR= 504 m2

W = mean vehicle weight assumed to be 8 tons ([(20 cars * 2 tons/car)+(10 trucks*20 tons/truck)]/30 vehicles)
p = number of days with at least 0.01 inches of precipitation (from Exhibit 5-2 140 days/year)
sumVKT = sum of fleet vehicle kilometers traveled during the exposure duration (km)

(30 of vehicles x 0.081 of km/day x 52wks x 5 days/wk)

Q/Csr calculated in accordance with Equation 5-6:
using A, B, and C default values:
Q/Csr = A*e^((lnAs - B)2/C))

Q/Csr= 18.89 g/m2-s per kg/m3

A = 12.9351 unitless
B = 5.7383 unitless
C = 71.7711 unitless
As = 1.69 acres

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⋅
−

⋅⋅

⋅
⋅=

∑
⋅

VKT
yrd

pyrdW

AT
F

CQPEF R

D
srsc

/365
)/365(4.0)^3/(556

1/
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Analyte CAS FA Kp tau event B t*
(cm/hr) (hr) (hr)

Cobalt 7440-36-0 -- 1.0E-03 -- -- --
Manganese 7439-96-5 -- 1.0E-03 -- -- --
Perchlorate 14797-73-0 -- 1.0E-03 -- -- --

4-Nitrotoluene* 99-99-0 1.0 1.0E-02 6.2E-01 4.5E-02 1.5E+00
2,4,6-Trinitrotoluene* 118-96-7 1.0 1.1E-03 2.0E+00 6.2E-03 4.7E+00
Dinitrotoluene Mix1 -- 1.0 3.1E-03 1.1E+00 1.6E-02 2.7E+00
RDX* 121-82-4 1.0 3.5E-04 1.8E+00 2.0E-03 4.4E+00

Notes:
Organic parameter values are taken from Organic values from Organic Chemicals in Water Spreadsheet 

(http://www.epa.gov/oswer/riskassessment/ragse/index.htm) except chemicals denoted with * which were 
calculated using equations from Appendix A, Risk Assessment Guidance for Superfund (RAGS), 
Volume I, Human Health Evaluation Manual, Part E; Supplemental Guidance for Dermal Risk 
Assessment,  July 2004, and molecular weight and log Kow values from RAIS (http://rais.ornl.gov).

Inorganic parameters were taken from Exhibit 3-1, Risk Assessment Guidance for Superfund (RAGS), 
Volume I, Human Health Evaluation Manual, Part E; Supplemental Guidance for Dermal Risk 
Assessment.  July 2004, with the exception of perchorate which was from RAIS (http://rais.ornl.gov).

1 = Values for 2,4-DNT used for DNT Mixture 

Table E.1-4.5
Parameter Values Used for Groundwater - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia
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Scenario TimeframeFuture
Receptor PopulationResident
Receptor Age: Lifetime

Medium Exposure Medium Exposure Point Exposure Chemical of Potential Cancer
Route Concern Value Units Risk 

Total Soil Soil Soil Ingestion Aluminum 12227 mg/kg --
Antimony 0.87 mg/kg --
Arsenic 1.32 mg/kg 3.E-06
Chromium 19.7 mg/kg --
Cobalt 8.79 mg/kg --
Iron 19503 mg/kg --
Manganese 552.4 mg/kg --
Vanadium 29.6 mg/kg --
Heptachlor epoxide 0.04598 mg/kg 7.E-07
Aroclor 1254 0.0463 mg/kg 1.E-07
2-Nitroaniline 0.0233 mg/kg --
Di-n-octylphthalate 0.385 mg/kg --
Benzo(a)anthracene* 0.0409 mg/kg 2.E-07
Benzo(a)pyrene* 0.146 mg/kg 7.E-06
Benzo(b)fluoranthene* 0.0736 mg/kg 4.E-07
Dibenz(a,h)anthracene* 0.0922 mg/kg 5.E-06
Indeno(1,2,3-cd)pyrene* 0.0667 mg/kg 3.E-07
2,4,6-Trinitrotoluene 7.217 mg/kg 3.E-07
2,4-Dinitrotoluene 1.247 mg/kg --
2,6-Dinitrotoluene 2.274 mg/kg --
Dinitrotoluene Mix 1.91 mg/kg 2.E-06
Nitroglycerin 2.36 mg/kg 6.E-08
2,3,7,8-TCDD Equivalents 9.44E-06 mg/kg 2.E-06

Exp. Route Total 2.E-05
Dermal Aluminum 12227 mg/kg --

Absorption Antimony 0.87 mg/kg --
Arsenic 1.32 mg/kg 3.E-07
Chromium 19.7 mg/kg --
Cobalt 8.79 mg/kg --
Iron 19503 mg/kg --
Manganese 552.4 mg/kg --
Vanadium 29.6 mg/kg --
Heptachlor epoxide 0.04598 mg/kg 2.E-07
Aroclor 1254 0.0463 mg/kg 6.E-08
2-Nitroaniline 0.0233 mg/kg --
Di-n-octylphthalate 0.385 mg/kg --
Benzo(a)anthracene* 0.0409 mg/kg 8.E-08
Benzo(a)pyrene* 0.146 mg/kg 3.E-06
Benzo(b)fluoranthene* 0.0736 mg/kg 1.E-07
Dibenz(a,h)anthracene* 0.0922 mg/kg 2.E-06
Indeno(1,2,3-cd)pyrene* 0.0667 mg/kg 1.E-07
2,4,6-Trinitrotoluene 7.217 mg/kg 3.E-08
2,4-Dinitrotoluene 1.247 mg/kg --
2,6-Dinitrotoluene 2.274 mg/kg --
Dinitrotoluene Mix 1.91 mg/kg 6.E-07
Nitroglycerin 2.36 mg/kg 2.E-09
2,3,7,8-TCDD Equivalents 9.44E-06 mg/kg 2.E-07

Exp. Route Total 6.E-06
Exposure Point Total 3.E-05

Exposure Medium Total 3.E-05

EPC

Radford Army Ammunition Plant, Radford, Virginia

TABLE E.1-7.6.RME
Calculation of Chemical Cancer Risks and Non-Cancer Hazards

Reasonable Maximum Exposure - Lifetime Resident - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Scenario TimeframeFuture
Receptor PopulationResident
Receptor Age: Lifetime

Medium Exposure Medium Exposure Point Exposure Chemical of Potential Cancer
Route Concern Value Units Risk 

EPC

Radford Army Ammunition Plant, Radford, Virginia

TABLE E.1-7.6.RME
Calculation of Chemical Cancer Risks and Non-Cancer Hazards

Reasonable Maximum Exposure - Lifetime Resident - Area A
SWMU 54 RFI/CMS Report

Total Soil Cont. Air Fugitive Dust Inhalation Aluminum 12227 mg/kg --
Antimony 0.87 mg/kg --
Arsenic 1.32 mg/kg 7.E-10
Chromium 19.7 mg/kg 3.E-08
Cobalt 8.79 mg/kg 3.E-09
Iron 19503 mg/kg --
Manganese 552.4 mg/kg --
Vanadium 29.6 mg/kg --
Heptachlor epoxide 0.04598 mg/kg 1.E-11
Aroclor 1254 0.0463 mg/kg 3.E-12
2-Nitroaniline 0.0233 mg/kg --
Di-n-octylphthalate 0.385 mg/kg --
Benzo(a)anthracene* 0.0409 mg/kg --
Benzo(a)pyrene* 0.146 mg/kg 7.E-11
Benzo(b)fluoranthene* 0.0736 mg/kg --
Dibenz(a,h)anthracene* 0.0922 mg/kg --
Indeno(1,2,3-cd)pyrene* 0.0667 mg/kg --
2,4,6-Trinitrotoluene 7.217 mg/kg --
2,4-Dinitrotoluene 1.247 mg/kg --
2,6-Dinitrotoluene 2.274 mg/kg --
Dinitrotoluene Mix 1.91 mg/kg --
Nitroglycerin 2.36 mg/kg --
2,3,7,8-TCDD Equivalents 9.44E-06 mg/kg 5.E-11

Exp. Route Total 3.E-08
Exposure Point Total 3.E-08

Exposure Medium Total 3.E-08
Soil Total 3.E-05

Groundwater Groundwater Groundwater used Ingestion Cobalt 2.4 ug/L --
for Tap Water Manganese 190.5 ug/L --

2,4,6-Trinitrotoluene 17 ug/L 8.E-06
Dinitrotoluene Mixture 0.65 ug/L 7.E-06
RDX 8 ug/L 1.E-05
Perchlorate 2 ug/L --

Exp. Route Total 3.E-05
Dermal Cobalt 2.4 ug/L --

Absorption Manganese 190.5 ug/L --
2,4,6-Trinitrotoluene 17 ug/L 2.E-07
Dinitrotoluene Mixture 0.65 ug/L 4.E-07
RDX 8 ug/L 3.E-08
Perchlorate 2 ug/L --

Exp. Route Total 6.E-07
Exposure Point Total 3.E-05

Exposure Medium Total 3.E-05
Groundwater Total 3.E-05

6.E-05

* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated 
in accordance with USEPA Region III ADAF Guidance (11/08/2006).

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Lifetime

  
Medium Exposure Exposure Chemical Carcinogenic Risk

Medium Point
Ingestion Inhalation Dermal Exposure

 Routes Total
Total Soil Soil Soil Aluminum -- -- -- --

Antimony -- -- -- --
Arsenic 3.E-06 -- 3.E-07 3.E-06
Chromium -- -- -- --
Cobalt -- -- -- --
Iron -- -- -- --
Manganese -- -- -- --
Vanadium -- -- -- --
Heptachlor epoxide 7.E-07 -- 2.E-07 9.E-07
Aroclor 1254 1.E-07 -- 6.E-08 2.E-07
2-Nitroaniline -- -- -- --
Di-n-octylphthalate -- -- -- --
Benzo(a)anthracene* 2.E-07 -- 8.E-08 3.E-07
Benzo(a)pyrene* 7.E-06 -- 3.E-06 1.E-05
Benzo(b)fluoranthene* 4.E-07 -- 1.E-07 5.E-07
Dibenz(a,h)anthracene* 5.E-06 -- 2.E-06 6.E-06
Indeno(1,2,3-cd)pyrene* 3.E-07 -- 1.E-07 5.E-07
2,4,6-Trinitrotoluene 3.E-07 -- 3.E-08 4.E-07
2,4-Dinitrotoluene -- -- -- --
2,6-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix 2.E-06 -- 6.E-07 3.E-06
Nitroglycerin 6.E-08 -- 2.E-09 6.E-08
2,3,7,8-TCDD Equivalents 2.E-06 -- 2.E-07 2.E-06

Total 2.E-05 -- 6.E-06 2.7.E-05
Air Air Aluminum -- -- -- --

(Fugitive Dust) Antimony -- -- -- --
Arsenic -- 7.E-10 -- 7.E-10
Chromium -- 3.E-08 -- 3.E-08
Cobalt -- 3.E-09 -- 3.E-09
Iron -- -- -- --
Manganese -- -- -- --
Vanadium -- -- -- --
Heptachlor epoxide -- 1.E-11 -- 1.E-11
Aroclor 1254 -- 3.E-12 -- 3.E-12
2-Nitroaniline -- -- -- --
Di-n-octylphthalate -- -- -- --
Benzo(a)anthracene* -- -- -- --
Benzo(a)pyrene* -- 7.E-11 -- 7.E-11
Benzo(b)fluoranthene* -- -- -- --
Dibenz(a,h)anthracene* -- -- -- --
Indeno(1,2,3-cd)pyrene* -- -- -- --
2,4,6-Trinitrotoluene -- -- -- --
2,4-Dinitrotoluene -- -- -- --
2,6-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix -- -- -- --
Nitroglycerin -- -- -- --
2,3,7,8-TCDD Equivalents -- 5.E-11 -- 5.E-11

Total -- 3.E-08 -- 3.E-08
Groundwater Groundwater Groundwater Cobalt -- -- -- --

used as tapwater Manganese -- -- -- --
2,4,6-Trinitrotoluene 8.E-06 -- 2.E-07 8.E-06
Dinitrotoluene Mixture 7.E-06 -- 4.E-07 7.E-06
RDX 1.E-05 -- 3.E-08 1.E-05
Perchlorate -- -- -- --

Total 3.E-05 -- 6.E-07 2.8.E-05
Total Risk Across Soil 2.7.E-05

Total Risk Across Groundwater 2.8.E-05

Total Risk Across All Media and All Exposure Routes  6.E-05

* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF Guidance (11/08/2006).

TABLE E.1-9.6.RME
RME Summary of Cancer Risks and Non-Cancer Hazards for COPCs:  Lifetime Resident - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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IRON MARGIN OF EXPOSURE EVALUATION
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Table 1
Iron "Margin of Exposure" Evaluation

SMWU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Iron EPC
(mg/kg)

Child Daily Intake
Estimate*
(mg/day)

RDA for Child 6
mths to 4 years

Old

Child Daily Intake **
(mg/kg-day)

Provisional RfD
(mg/kg-day)

19,503 3.7 10 mg/day 0.25 0.7

Iron EPC
(mg/kg)

Child Daily Intake
Estimate*
(mg/day)

RDA for Child 6
mths to 4 years

Old

Child Daily Intake **
(mg/kg-day)

Provisional RfD
(mg/kg-day)

20,993 4.0 10 mg/day 0.27 0.7

* See Table H-2 for equations used to calculated daily intake estimates.
** Default weight of 15 kg used for child

Total Soil - Child Resident - SWMU 54 Area A

Total Soil - Child Resident - SWMU 54 Area B

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table 2
Iron "Margin of Exposure" Evaluation

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/
Code Reference

Ingestion-Total Soil Resident Child SWMU 40/71 AT-NC Averaging Time (Non-Cancer) 2,190 days USEPA, 1991a
CF1 Conversion Factor 1 1.00E-06 kg/mg unit conversion Chronic
CS Chemical Concentration in Soil Chemical Specific mg/kg MDC or EPC Daily = CS*IRS*EF*ED*FI*CF1

ED Exposure Duration 6 years USEPA, 1991a Intake BW*AT

EF Exposure Frequency 350 days/year USEPA, 1991a (mg/day)

FI Fraction Ingested 1 (unitless)
IRS Ingestion Rate of Soil 200 mg/day USEPA, 1991a

Intake Equation

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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LEAD MODEL FOR WINDOWS Version 1.0

==================================================================================
Model Version: 1.0 Build 264
User Name: Tina DeVine
Date: 6/26/2008
Site Name: RFAAP
Operable Unit: SWMU 54
Run Mode: Site Risk Assessment
----------------------------------------------------------------------------------

# Water Data
MDL for Lead
# Soil/Dust Data
Mean Concentations for Lead
==================================================================================
The time step used in this model run: 1 - Every 4 Hours (6 times a day).

****** Air ******

Indoor Air Pb Concentration: 30.000 percent of outdoor.
Other Air Parameters:

Age Time Ventilation Lung Outdoor Air
Outdoors Rate Absorption Pb Conc
(hours) (m^3/day) (%) (ug Pb/m^3)

----------------------------------------------------------------------
.5-1 1.000 2.000 32.000 0.100
1-2 2.000 3.000 32.000 0.100
2-3 3.000 5.000 32.000 0.100
3-4 4.000 5.000 32.000 0.100
4-5 4.000 5.000 32.000 0.100
5-6 4.000 7.000 32.000 0.100
6-7 4.000 7.000 32.000 0.100

****** Diet ******

Age Diet Intake(ug/day)
-----------------------------------
.5-1 5.530
1-2 5.780
2-3 6.490
3-4 6.240
4-5 6.010
5-6 6.340
6-7 7.000

****** Drinking Water ******

Water Consumption:
Age Water (L/day)
-----------------------------------
.5-1 0.200
1-2 0.500
2-3 0.520
3-4 0.530
4-5 0.550
5-6 0.580
6-7 0.590

Drinking Water Concentration: 1.300 ug Pb/L

****** Soil & Dust ******

Multiple Source Analysis Used



Average multiple source concentration: 42.550 ug/g

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Outdoor airborne lead to indoor household dust lead concentration: 100.000
Use alternate indoor dust Pb sources? No

Age Soil (ug Pb/g) House Dust (ug Pb/g)
--------------------------------------------------------
.5-1 46.500 42.550
1-2 46.500 42.550
2-3 46.500 42.550
3-4 46.500 42.550
4-5 46.500 42.550
5-6 46.500 42.550
6-7 46.500 42.550

****** Alternate Intake ******

Age Alternate (ug Pb/day)
-----------------------------------
.5-1 0.000
1-2 0.000
2-3 0.000
3-4 0.000
4-5 0.000
5-6 0.000
6-7 0.000

****** Maternal Contribution: Infant Model ******

Maternal Blood Concentration: 2.500 ug Pb/dL

*****************************************
CALCULATED BLOOD LEAD AND LEAD UPTAKES:
*****************************************

Year Air Diet Alternate Water
(ug/day) (ug/day) (ug/day) (ug/day)

-------------------------------------------------------------------------------
.5-1 0.021 2.647 0.000 0.124
1-2 0.034 2.771 0.000 0.312
2-3 0.062 3.123 0.000 0.325
3-4 0.067 3.021 0.000 0.334
4-5 0.067 2.931 0.000 0.349
5-6 0.093 3.100 0.000 0.369
6-7 0.093 3.425 0.000 0.375

Year Soil+Dust Total Blood
(ug/day) (ug/day) (ug/dL)

---------------------------------------------------------------
.5-1 1.082 3.874 2.1
1-2 1.722 4.839 2.1
2-3 1.728 5.238 1.9
3-4 1.738 5.160 1.8
4-5 1.297 4.643 1.6
5-6 1.170 4.732 1.5
6-7 1.106 4.999 1.4
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Age Range = 0 to 84 months
Time Step = Every 4 Hours
Run Mode = Site Risk Assessment

Cutoff = 10.000 ug/dl
Geo Mean = 1.799
GSD = 1.600
% Above = 0.013



Table 1
Calculation of Blood Lead Concentrations using ALM - Construction Worker - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Calculations of Blood Lead Concentrations (PbBs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

PbB Values for Non-Residential Exposure Scenario

Exposure Equation1 Using Equation 1 Using Equation 2
Variable 1* 2** Description of Exposure Variable Units GSDi = Hom GSDi = Het GSDi = Hom GSDi = Het

PbS X X Soil lead concentration ug/g or ppm 46.5 46.5 46.5 46.5

Rfetal/maternal X X Fetal/maternal PbB ratio -- 0.9 0.9 0.9 0.9

BKSF X X Biokinetic Slope Factor ug/dL per

ug/day
0.4 0.4 0.4 0.4

GSDi X X Geometric standard deviation PbB -- 2.1 2.3 2.1 2.3

PbB0 X X Baseline PbB ug/dL 1.5 1.7 1.5 1.7

IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.330 0.330 -- --

IRS+D X Total ingestion rate of outdoor soil and indoor dust g/day -- -- 0.330 0.330

WS X Weighting factor; fraction of IRS+D ingested as outdoor soil -- -- -- 1.0 1.0

KSD X Mass fraction of soil in dust -- -- -- 0.7 0.7

AFS, D X X Absorption fraction (same for soil and dust) -- 0.12 0.12 0.12 0.12

EFS, D X X Exposure frequency (same for soil and dust) days/yr 250 250 250 250

ATS, D X X Averaging time (same for soil and dust) days/yr 365 365 365 365

PbBadult PbB of adult worker, geometric mean ug/dL 2.0 2.2 2.0 2.2

PbBfetal, 0.95 95th percentile PbB among fetuses of adult workers ug/dL 6.1 7.8 6.1 7.8

PbBt Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0

P(PbBfetal > PbBt) Probability that fetal PbB > PbBt, assuming lognormal distribution % 1.0% 2.6% 1.0% 2.6%
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes WS, KSD).

When IRS = IRS+D and WS = 1.0, the equations yield the same PbBfetal,0.95.

*Equation 1, based on Eq. 1, 2 in USEPA (1996).

PbB adult = (PbS*BKSF*IRS+D*AFS,D*EFS/ATS.D) + PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

**Equation 2, alternate approach based on Eq. 1, 2, and A-19 in USEPA (1996).

PbB adult = PbS*BKSF*([(IRS+D)*AFS*EFS*WS]+[KSD*(IRS+D)*(1-WS)*AFD*EFD])/365+PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed 1/31/2008 12:30 PM



Table 2
Calculation of Blood Lead Concentrations using ALM - Commercial Worker - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Calculations of Blood Lead Concentrations (PbBs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

PbB Values for Non-Residential Exposure Scenario

Exposure Equation1 Using Equation 1 Using Equation 2
Variable 1* 2** Description of Exposure Variable Units GSDi = Hom GSDi = Het GSDi = Hom GSDi = Het

PbS X X Soil lead concentration ug/g or ppm 46.5 46.5 46.5 46.5

Rfetal/maternal X X Fetal/maternal PbB ratio -- 0.9 0.9 0.9 0.9

BKSF X X Biokinetic Slope Factor ug/dL per

ug/day
0.4 0.4 0.4 0.4

GSDi X X Geometric standard deviation PbB -- 2.1 2.3 2.1 2.3

PbB0 X X Baseline PbB ug/dL 1.5 1.7 1.5 1.7

IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.050 0.050 -- --

IRS+D X Total ingestion rate of outdoor soil and indoor dust g/day -- -- 0.050 0.050

WS X Weighting factor; fraction of IRS+D ingested as outdoor soil -- -- -- 1.0 1.0

KSD X Mass fraction of soil in dust -- -- -- 0.7 0.7

AFS, D X X Absorption fraction (same for soil and dust) -- 0.12 0.12 0.12 0.12

EFS, D X X Exposure frequency (same for soil and dust) days/yr 250 250 250 250

ATS, D X X Averaging time (same for soil and dust) days/yr 365 365 365 365

PbBadult PbB of adult worker, geometric mean ug/dL 1.6 1.8 1.6 1.8

PbBfetal, 0.95 95th percentile PbB among fetuses of adult workers ug/dL 4.8 6.3 4.8 6.3

PbBt Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0

P(PbBfetal > PbBt) Probability that fetal PbB > PbBt, assuming lognormal distribution % 0.4% 1.4% 0.4% 1.4%
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes WS, KSD).

When IRS = IRS+D and WS = 1.0, the equations yield the same PbBfetal,0.95.

*Equation 1, based on Eq. 1, 2 in USEPA (1996).

PbB adult = (PbS*BKSF*IRS+D*AFS,D*EFS/ATS.D) + PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

**Equation 2, alternate approach based on Eq. 1, 2, and A-19 in USEPA (1996).

PbB adult = PbS*BKSF*([(IRS+D)*AFS*EFS*WS]+[KSD*(IRS+D)*(1-WS)*AFD*EFD])/365+PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed 1/31/2008 12:31 PM



Table 3
Calculation of Blood Lead Concentrations using ALM - Maintenance Worker - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Calculations of Blood Lead Concentrations (PbBs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

PbB Values for Non-Residential Exposure Scenario

Exposure Equation1 Using Equation 1 Using Equation 2
Variable 1* 2** Description of Exposure Variable Units GSDi = Hom GSDi = Het GSDi = Hom GSDi = Het

PbS X X Soil lead concentration ug/g or ppm 69.7 69.7 69.7 69.7

Rfetal/maternal X X Fetal/maternal PbB ratio -- 0.9 0.9 0.9 0.9

BKSF X X Biokinetic Slope Factor ug/dL per

ug/day
0.4 0.4 0.4 0.4

GSDi X X Geometric standard deviation PbB -- 2.1 2.3 2.1 2.3

PbB0 X X Baseline PbB ug/dL 1.5 1.7 1.5 1.7

IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.100 0.100 -- --

IRS+D X Total ingestion rate of outdoor soil and indoor dust g/day -- -- 0.100 0.100

WS X Weighting factor; fraction of IRS+D ingested as outdoor soil -- -- -- 1.0 1.0

KSD X Mass fraction of soil in dust -- -- -- 0.7 0.7

AFS, D X X Absorption fraction (same for soil and dust) -- 0.12 0.12 0.12 0.12

EFS, D X X Exposure frequency (same for soil and dust) days/yr 219 219 219 219

ATS, D X X Averaging time (same for soil and dust) days/yr 365 365 365 365

PbBadult PbB of adult worker, geometric mean ug/dL 1.7 1.9 1.7 1.9

PbBfetal, 0.95 95th percentile PbB among fetuses of adult workers ug/dL 5.2 6.7 5.2 6.7

PbBt Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0

P(PbBfetal > PbBt) Probability that fetal PbB > PbBt, assuming lognormal distribution % 0.6% 1.7% 0.6% 1.7%
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes WS, KSD).

When IRS = IRS+D and WS = 1.0, the equations yield the same PbBfetal,0.95.

*Equation 1, based on Eq. 1, 2 in USEPA (1996).

PbB adult = (PbS*BKSF*IRS+D*AFS,D*EFS/ATS.D) + PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

**Equation 2, alternate approach based on Eq. 1, 2, and A-19 in USEPA (1996).

PbB adult = PbS*BKSF*([(IRS+D)*AFS*EFS*WS]+[KSD*(IRS+D)*(1-WS)*AFD*EFD])/365+PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed 1/31/2008 12:33 PM
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Table E.2-2.3
Non-detected Chemicals MDL Screening for Area B - Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units

Number of 
Non-

Detects
Minimum 

MDL
Maximum 

MDL
Adjusted
R-RBC

Maximum 
MDL

Exceeds SL
TAL Metals
ANTIMONY 7440-36-0 mg/kg 26 0.37 0.49 3.13 N
ARSENIC 7440-38-2 mg/kg 1 0.25 0.25 0.426 N
CADMIUM 7440-43-9 mg/kg 35 0.03 0.07 3.91 N
COPPER 7440-50-8 mg/kg 2 0.16 0.17 312.9 N
MERCURY[1] 7439-97-6 mg/kg 6 0.016 0.02 -- NS
SILVER 7440-22-4 mg/kg 37 0.07 0.13 39.11 N
SODIUM 7440-23-5 mg/kg 1 35 35 -- NS
THALLIUM 7440-28-0 mg/kg 39 0.24 0.93 0.548 Y
Pesticides/PCBs
4,4'-DDD 72-54-8 ug/kg 27 0.32 3.39 2.7E+03 N
4,4'-DDE 72-55-9 ug/kg 24 0.4 4.1 1.9E+03 N
4,4'-DDT 50-29-3 ug/kg 27 0.39 3.82 1.9E+03 N
ALDRIN 309-00-2 ug/kg 26 0.17 3.2 3.8E+01 N
ALPHA-BHC 319-84-6 ug/kg 26 0.26 3.59 1.0E+02 N
ALPHA-CHLORDANE[2] 5103-71-9 ug/kg 25 0.22 3.19 1.8E+03 N
BETA-BHC 319-85-7 ug/kg 26 0.28 4.45 3.5E+02 N
DELTA-BHC[3] 319-86-8 ug/kg 25 0.15 2.76 1.0E+02 N
DIELDRIN 60-57-1 ug/kg 26 0.43 3.34 4.0E+01 N
ENDOSULFAN I[4] 959-98-8 ug/kg 27 0.43 3.72 4.7E+04 N
ENDOSULFAN II[4] 33213-65-9 ug/kg 27 0.58 2.24 4.7E+04 N
ENDOSULFAN SULFATE[4] 1031-07-8 ug/kg 27 0.4 3.81 4.7E+04 N
ENDRIN 72-20-8 ug/kg 27 0.35 3.55 2.3E+03 N
ENDRIN ALDEHYDE[5] 7421-93-4 ug/kg 24 0.35 3.08 2.3E+03 N
ENDRIN KETONE[5] 53494-70-5 ug/kg 26 0.39 3.24 2.3E+03 N
GAMMA-BHC (LINDANE) 58-89-9 ug/kg 26 0.22 3.72 4.9E+02 N
GAMMA-CHLORDANE[2] 5103-74-2 ug/kg 25 0.35 3.24 1.8E+03 N
HEPTACHLOR 76-44-8 ug/kg 25 0.34 3.49 1.4E+02 N
HEPTACHLOR EPOXIDE 1024-57-3 ug/kg 22 0.26 4.91 7.0E+01 N
METHOXYCHLOR 72-43-5 ug/kg 26 1.4 6.62 3.9E+04 N
TOXAPHENE 8001-35-2 ug/kg 27 18 97.3 5.8E+02 N
AROCLOR 1016 12674-11-2 ug/kg 28 5.1 15 5.5E+02 N
AROCLOR 1221 11104-28-2 ug/kg 28 9.4 15 3.2E+02 N
AROCLOR 1232 11141-16-5 ug/kg 28 5.4 11.6 3.2E+02 N
AROCLOR 1242 53469-21-9 ug/kg 28 5.6 10 3.2E+02 N
AROCLOR 1248 12672-29-6 ug/kg 28 4.4 9.1 3.2E+02 N
AROCLOR 1254[6] 11097-69-1 ug/kg 19 6.8 9.52 1.6E+02 N
AROCLOR 1260 11096-82-5 ug/kg 23 5.2 14.1 3.2E+02 N
SVOCs
1,1'-BIPHENYL 92-52-4 ug/kg 39 22 22 3.9E+05 N
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 ug/kg 39 30 30 9.1E+03 N
2,4,5-TRICHLOROPHENOL 95-95-4 ug/kg 39 49 49 7.8E+05 N
2,4,6-TRICHLOROPHENOL 88-06-2 ug/kg 39 50 50 7.8E+03 N
2,4-DICHLOROPHENOL 120-83-2 ug/kg 39 22 22 2.3E+04 N
2,4-DIMETHYLPHENOL 105-67-9 ug/kg 39 30 30 1.6E+05 N
2,4-DINITROPHENOL 51-28-5 ug/kg 39 170 170 1.6E+04 N
2,4-DINITROTOLUENE 121-14-2 mg/kg 36 20 20 1.6E+04 N
2,6-DINITROTOLUENE 606-20-2 mg/kg 39 21 21 7.8E+03 N
2-CHLORONAPHTHALENE 91-58-7 ug/kg 39 22 22 6.3E+05 N
2-CHLOROPHENOL 95-57-8 ug/kg 39 18 18 3.9E+04 N
2-METHYLNAPHTHALENE 91-57-6 ug/kg 39 24 24 3.1E+04 N
2-METHYLPHENOL 95-48-7 ug/kg 39 27 27 3.9E+05 N
2-NITROANILINE 88-74-4 ug/kg 39 29 29 -- NS
2-NITROPHENOL 88-75-5 ug/kg 39 26 26 -- NS
3,3'-DICHLOROBENZIDINE 91-94-1 ug/kg 39 29 29 1.4E+03 N
3-NITROANILINE 99-09-2 ug/kg 39 34 34 -- NS
4,6-DINITRO-2-METHYLPHENOL 534-52-1 ug/kg 39 35 35 -- NS
4-BROMOPHENYL PHENYL ETHER 101-55-3 ug/kg 39 350 6,000 -- NS
4-CHLORO-3-METHYLPHENOL 59-50-7 ug/kg 39 29 29 -- NS
4-CHLOROANILINE 106-47-8 ug/kg 39 16 16 3.1E+04 N
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 ug/kg 39 350 6,000 -- NS
4-METHYLPHENOL 106-44-5 ug/kg 39 48 48 3.9E+04 N
4-NITROANILINE 100-01-6 ug/kg 39 39 39 -- NS
4-NITROPHENOL 100-02-7 ug/kg 39 75 75 -- NS
ACENAPHTHENE 83-32-9 ug/kg 39 31 31 4.7E+05 N
ACENAPHTHYLENE[7] 208-96-8 ug/kg 38 17 17 2.3E+05 N
ACETOPHENONE 98-86-2 ug/kg 39 23 23 7.8E+05 N
ANTHRACENE 120-12-7 ug/kg 38 25 25 2.3E+06 N
ATRAZINE 1912-24-9 ug/kg 39 16 16 2.9E+03 N
BENZALDEHYDE 100-52-7 ug/kg 39 39 39 7.8E+05 N
BENZO(A)ANTHRACENE 56-55-3 ug/kg 38 29 29 2.2E+02 N
BENZO(A)PYRENE 50-32-8 ug/kg 38 23 23 2.2E+01 Y

Radford Army Ammunition Plant
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Table E.2-2.3
Non-detected Chemicals MDL Screening for Area B - Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units

Number of 
Non-

Detects
Minimum 

MDL
Maximum 

MDL
Adjusted
R-RBC

Maximum 
MDL

Exceeds SL
BENZO(B)FLUORANTHENE 205-99-2 ug/kg 38 36 36 2.2E+02 N
BENZO(G,H,I)PERYLENE[7] 191-24-2 ug/kg 38 23 23 2.3E+05 N
BENZO(K)FLUORANTHENE 207-08-9 ug/kg 38 29 29 2.2E+03 N
BIS(2-CHLOROETHOXY)METHANE 111-91-1 ug/kg 39 21 21 -- NS
BIS(2-CHLOROETHYL)ETHER 111-44-4 ug/kg 39 18 18 5.8E+02 N
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 ug/kg 23 32 32 4.6E+04 N
BUTYL BENZYL PHTHALATE 85-68-7 ug/kg 39 350 6,000 1.6E+06 N
CAPROLACTAM 105-60-2 ug/kg 39 62 62 3.9E+06 N
CARBAZOLE 86-74-8 ug/kg 38 29 29 3.2E+04 N
CHRYSENE 218-01-9 ug/kg 38 28 28 2.2E+04 N
DI-N-BUTYL PHTHALATE 84-74-2 ug/kg 30 350 430 7.8E+05 N
DI-N-OCTYL PHTHALATE 117-84-0 ug/kg 38 350 6,000 -- NS
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/kg 38 21 21 2.2E+01 N
DIBENZOFURAN 132-64-9 ug/kg 39 24 24 7.8E+03 N
DIETHYL PHTHALATE 84-66-2 ug/kg 26 350 430 6.3E+06 N
DIMETHYL PHTHALATE 131-11-3 ug/kg 35 350 1,600 -- NS
FLUORANTHENE 206-44-0 ug/kg 38 18 18 3.1E+05 N
FLUORENE 86-73-7 ug/kg 38 18 18 3.1E+05 N
HEXACHLOROBENZENE 118-74-1 ug/kg 39 22 22 4.0E+02 N
HEXACHLOROBUTADIENE 87-68-3 ug/kg 39 24 24 7.8E+03 N
HEXACHLOROCYCLOPENTADIENE 77-47-4 ug/kg 39 67 67 4.7E+04 N
HEXACHLOROETHANE 67-72-1 ug/kg 39 17 17 7.8E+03 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/kg 38 20 20 2.2E+02 N
ISOPHORONE 78-59-1 ug/kg 39 28 28 6.7E+05 N
N-NITROSODI-N-PROPYLAMINE 621-64-7 ug/kg 39 21 21 9.1E+01 N
N-NITROSODIPHENYLAMINE 86-30-6 ug/kg 32 350 430 1.3E+05 N
NAPHTHALENE 91-20-3 ug/kg 39 21 21 1.6E+05 N
NITROBENZENE 98-95-3 mg/kg 39 28 28 3.9E+03 N
PENTACHLOROPHENOL 87-86-5 ug/kg 39 46 46 5.3E+03 N
PHENOL 108-95-2 ug/kg 39 34 34 2.3E+06 N
PYRENE 129-00-0 ug/kg 38 24 24 2.3E+05 N
Dioxin/Furans
1,2,3,4,6,7,8,9-OCDF (OCDF) 39001-02-0 pg/g 23 0.8 11.9 -- NS
1,2,3,4,6,7,8-HpCDD 35822-46-9 pg/g 3 0.5 5.12 -- NS
1,2,3,4,6,7,8-HpCDF 67562-39-4 pg/g 9 0.3 5.96 -- NS
1,2,3,4,7,8,9-HpCDF 55673-89-7 pg/g 39 0.3 5.96 -- NS
1,2,3,4,7,8-HxCDD 39227-28-6 pg/g 35 0.2 5.96 -- NS
1,2,3,4,7,8-HxCDF 70648-26-9 pg/g 33 0.2 5.96 -- NS
1,2,3,6,7,8-HxCDD 57653-85-7 pg/g 33 0.2 5.96 -- NS
1,2,3,6,7,8-HxCDF 57117-44-9 pg/g 30 0.1 5.96 -- NS
1,2,3,7,8,9-HxCDD 19408-74-3 pg/g 30 0.2 5.96 1.0E+02 N
1,2,3,7,8,9-HxCDF 72918-21-9 pg/g 40 0.2 5.96 -- NS
1,2,3,7,8-PeCDD 40321-76-4 pg/g 40 0.2 5.96 -- NS
1,2,3,7,8-PeCDF 57117-41-6 pg/g 26 0.1 5.12 -- NS
2,3,4,6,7,8-HxCDF 60851-34-5 pg/g 29 0.2 5.96 -- NS
2,3,4,7,8-PeCDF 57117-31-4 pg/g 14 0.1 0.492 -- NS
2,3,7,8-TCDD 1746-01-6 pg/g 34 0.0795 1.19 4.3E+00 N
2,3,7,8-TCDF 51207-31-9 pg/g 10 0.0869 0.3 -- NS
Total HpCDDs -- pg/g 1 1.4 1.4 -- NS
Total HpCDFs -- pg/g 14 0.3 5.96 -- NS
Total HxCDDs -- pg/g 7 0.435 5.96 -- NS
Total HxCDFs -- pg/g 13 0.2 5.56 -- NS
Total PeCDDs -- pg/g 19 0.2 5.96 -- NS
Total PeCDFs -- pg/g 9 0.2 0.493 -- NS
Total TCDDs 41903-57-5 pg/g 32 0.0795 1.19 -- NS
Total TCDFs 55722-27-5 pg/g 6 0.0869 0.3 -- NS
PAHs
ACENAPHTHENE 83-32-9 ug/kg 29 5.8 5.9 4.7E+05 N
ACENAPHTHYLENE[7] 208-96-8 ug/kg 36 5.9 5.9 2.3E+05 N
ANTHRACENE 120-12-7 ug/kg 36 5.4 5.4 2.3E+06 N
BENZO(A)ANTHRACENE 56-55-3 ug/kg 32 2.2 2.2 2.2E+02 N
BENZO(A)PYRENE 50-32-8 ug/kg 31 1.6 1.6 2.2E+01 N
BENZO(B)FLUORANTHENE 205-99-2 ug/kg 27 1.7 1.7 2.2E+02 N
BENZO(G,H,I)PERYLENE[7] 191-24-2 ug/kg 34 3.6 3.6 2.3E+05 N
BENZO(K)FLUORANTHENE 207-08-9 ug/kg 32 1.4 1.4 2.2E+03 N
CHRYSENE 218-01-9 ug/kg 32 2.4 2.4 2.2E+04 N
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/kg 36 4.2 4.2 2.2E+01 N
FLUORANTHENE 206-44-0 ug/kg 27 2.1 2.1 3.1E+05 N
FLUORENE 86-73-7 ug/kg 36 14 14 3.1E+05 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/kg 33 2.5 2.5 2.2E+02 N
NAPHTHALENE 91-20-3 ug/kg 28 14 14 1.6E+05 N
PHENANTHRENE[7] 85-01-8 ug/kg 34 8.5 8.5 2.3E+05 N
PYRENE 129-00-0 ug/kg 20 4.3 4.3 2.3E+05 N
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Table E.2-2.3
Non-detected Chemicals MDL Screening for Area B - Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units

Number of 
Non-

Detects
Minimum 

MDL
Maximum 

MDL
Adjusted
R-RBC

Maximum 
MDL

Exceeds SL
PCB Congeners
169-HxCB 32774-16-6 pg/g 2 8.13 8.32 -- NS
81-TeCB 70362-50-4 pg/g 1 8.13 8.13 -- NS
Explosives
1,3,5-TRINITROBENZENE 99-35-4 mg/kg 38 0.079 0.079 2.3E+02 N
1,3-DINITROBENZENE 99-65-0 mg/kg 39 0.097 0.097 7.8E-01 N
2,4,6-TRINITROTOLUENE[8] 118-96-7 mg/kg 35 0.16 0.16 3.9E+00 N
2,4-DINITROTOLUENE 121-14-2 mg/kg 36 0.12 0.12 1.6E+01 N
2,6-DINITROTOLUENE 606-20-2 mg/kg 39 0.19 0.19 7.8E+00 N
2-AMINO-4,6-DINITROTOLUENE 35572-78-2 mg/kg 37 0.1 0.1 1.6E+01 N
2-NITROTOLUENE 88-72-2 mg/kg 39 0.16 0.16 7.8E+01 N
3-NITROTOLUENE 99-08-1 mg/kg 39 0.11 0.11 -- NS
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 mg/kg 37 0.095 0.095 1.6E+01 N
4-NITROTOLUENE 99-99-0 mg/kg 39 0.27 0.27 3.1E+01 N
HMX (OCTAHYDRO-1,3,5,7-TETRANITRO-1,3,5,7-TET) 2691-41-0 mg/kg 38 0.1 0.1 3.9E+02 N
NITROBENZENE 98-95-3 mg/kg 39 0.17 0.17 3.9E+00 N
RDX (HEXAHYDRO-1,3,5-TRINITRO-1,3,5-TRIAZINE) 121-82-4 mg/kg 38 0.28 0.28 5.8E+00 N
TETRYL (METHYL-2,4,6-TRINITROPHENYLNITRAMINE) 479-45-8 mg/kg 39 0.4 0.4 3.1E+01 N
Nitroglycerin
NITROGLYCERIN 55-63-0 mg/kg 37 0.1 1 7.8E-01 Y

Notes:
CAS = Chemical Abstracts Service Y = MDL exceeds screening level
mg/kg = Milligram Per Kilogram N = MDL does not exceed screening level
ug/kg = Microgram Per Kilogram NS = No screening level available
pg/g = Picogram Per Gram SL = Screening Level
TAL = Target Analyte List [1] = Mercuric chloride soil RBC value used
TCL = Target Compound List [2] = Chlordane RBC value was used
PCB = Polychlorinated Biphenyl [3] = Alpha-BHC RBC value was used
SVOC = Semivolatile Organic Compound [4] = Endosulfan RBC value was used
PAH = Polynuclear Aromatic Hydrocarbon [5] = Endrin RBC value was used
MDL = Method Detection Limit
RBC =  USEPA Region III Risk-Based Concentration
             (RBC) values from the Ocotber 11, 2007, [7] = Pyrene RBC value was used
             RBC Table and October 11, 2007, Alternate RBC Table
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens
R-RBC = Residential RBC

[6] = Noncarcinogenic Residential RBC value for Aroclor 
1254 was used for screening

[8] =  Noncarcinogenic Residential and Industrial RBC 
values for 2,4,6-Trinitrotoluene were used for screening

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table E.2-2.5
Area B Groundwater Non-Detects Screening

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted

T-RBC

Maximum 
MDL 

Exceeds SL
Perchlorate
PERCHLORATE 14797-73-0 ug/L 3 0.54 0.54 2.56 N
PERCHLORATE (2006) 14797-73-0 ug/L 3 1.84 1.84 2.56 N
PERCHLORATE (March 2007) 14797-73-0 ug/L 3 0.036 0.036 2.56 N
PERCHLORATE (June 2007) 14797-73-0 ug/L 3 0.08 0.08 2.56 N
PERCHLORATE (September 2007) 14797-73-0 ug/L 2 0.2 0.2 2.56 N
TAL Metals
ALUMINUM 7429-90-5 ug/L 1 29.5 29.5 3,650 N
ALUMINUM, DISSOLVED 7429-90-5 ug/L 2 11.8 11.8 3,650 N
ANTIMONY 7440-36-0 ug/L 3 1.8 1.8 1.46 Y
ANTIMONY, DISSOLVED 7440-36-0 ug/L 3 2.3 2.3 1.46 Y
ARSENIC 7440-38-2 ug/L 3 3.6 3.6 0.045 Y
ARSENIC, DISSOLVED 7440-38-2 ug/L 3 3.7 3.7 0.045 Y
BERYLLIUM 7440-41-7 ug/L 3 0.2 0.2 7.3 N
BERYLLIUM, DISSOLVED 7440-41-7 ug/L 3 0.2 0.2 7.3 N
CADMIUM 7440-43-9 ug/L 3 0.3 0.3 1.825 N
CADMIUM, DISSOLVED 7440-43-9 ug/L 3 0.4 0.4 1.825 N
CHROMIUM, DISSOLVED[1] 7440-47-3 ug/L 1 0.6 0.6 10.95 N
COBALT 7440-48-4 ug/L 3 0.9 0.9 -- NS
COBALT, DISSOLVED 7440-48-4 ug/L 3 0.5 0.5 -- NS
COPPER 7440-50-8 ug/L 1 1.2 1.2 146 N
COPPER, DISSOLVED 7440-50-8 ug/L 3 1.5 1.5 146 N
IRON, DISSOLVED 7439-89-6 ug/L 3 8.7 8.7 2,555 N
LEAD[2] 7439-92-1 ug/L 3 1.3 1.3 15 N
LEAD, DISSOLVED[2] 7439-92-1 ug/L 1 1.1 1.1 15 N
MANGANESE, DISSOLVED 7439-96-5 ug/L 3 1.64 1.68 73 N
MERCURY[3] 7439-97-6 ug/L 3 0.1 0.1 -- NS
MERCURY, DISSOLVED[3] 7439-97-6 ug/L 2 0.1 0.1 -- NS
NICKEL 7440-02-0 ug/L 1 1.2 1.2 73 N
SELENIUM, DISSOLVED 7782-49-2 ug/L 1 2.6 2.6 18.25 N
SILVER 7440-22-4 ug/L 3 0.8 0.8 18.25 N
SILVER, DISSOLVED 7440-22-4 ug/L 3 0.7 0.7 18.25 N
THALLIUM 7440-28-0 ug/L 3 3.8 3.8 0.256 Y
THALLIUM, DISSOLVED 7440-28-0 ug/L 3 4.4 4.4 0.256 Y
VANADIUM 7440-62-2 ug/L 1 0.7 0.7 3.65 N
VANADIUM, DISSOLVED 7440-62-2 ug/L 1 0.4 0.4 3.65 N
ZINC 7440-66-6 ug/L 1 0.6 0.6 1,095 N
Pesticides/PCBs
4,4'-DDD 72-54-8 ug/L 3 0.0036 0.0036 2.8E-01 N
4,4'-DDE 72-55-9 ug/L 3 0.0036 0.0036 2.0E-01 N
4,4'-DDT 50-29-3 ug/L 3 0.0036 0.0036 2.0E-01 N
ALDRIN 309-00-2 ug/L 3 0.0027 0.0027 3.9E-03 N
ALPHA-BHC 319-84-6 ug/L 3 0.0034 0.0034 1.1E-02 N
ALPHA-CHLORDANE[4] 5103-71-9 ug/L 3 0.0033 0.0033 1.9E-01 N
BETA-BHC 319-85-7 ug/L 3 0.003 0.003 3.7E-02 N
DELTA-BHC[5] 319-86-8 ug/L 3 0.0031 0.0031 1.1E-02 N
DIELDRIN 60-57-1 ug/L 3 0.0032 0.0032 4.2E-03 N
ENDOSULFAN I[6] 959-98-8 ug/L 3 0.0028 0.0028 2.2E+01 N
ENDOSULFAN II[6] 33213-65-9 ug/L 3 0.0031 0.0031 2.2E+01 N
ENDOSULFAN SULFATE[6] 1031-07-8 ug/L 3 0.0041 0.0041 2.2E+01 N
ENDRIN 72-20-8 ug/L 3 0.0029 0.0029 1.1E+00 N
ENDRIN ALDEHYDE[7] 7421-93-4 ug/L 3 0.0037 0.0037 1.1E+00 N
ENDRIN KETONE[7] 53494-70-5 ug/L 3 0.0045 0.0045 1.1E+00 N
GAMMA-BHC (LINDANE) 58-89-9 ug/L 3 0.0026 0.0026 5.2E-02 N
GAMMA-CHLORDANE[4] 5103-74-2 ug/L 3 0.0034 0.0034 1.9E-01 N
HEPTACHLOR 76-44-8 ug/L 3 0.003 0.003 1.5E-02 N
HEPTACHLOR EPOXIDE 1024-57-3 ug/L 3 0.0031 0.0031 7.4E-03 N
METHOXYCHLOR 72-43-5 ug/L 3 0.0036 0.0036 1.8E+01 N
TOXAPHENE 8001-35-2 ug/L 3 0.1 0.1 6.1E-02 Y
AROCLOR 1016 12674-11-2 ug/L 3 0.046 0.046 2.6E-01 N
AROCLOR 1221 11104-28-2 ug/L 3 0.053 0.053 3.3E-02 Y
AROCLOR 1232 11141-16-5 ug/L 3 0.05 0.05 3.3E-02 Y
AROCLOR 1242 53469-21-9 ug/L 3 0.053 0.053 3.3E-02 Y
AROCLOR 1248 12672-29-6 ug/L 3 0.024 0.024 3.3E-02 N
AROCLOR 1254[8] 11097-69-1 ug/L 3 0.038 0.038 3.3E-02 Y
AROCLOR 1260 11096-82-5 ug/L 3 0.045 0.045 3.3E-02 Y
SVOCs
1,1'-BIPHENYL 92-52-4 ug/L 3 1 1 3.0E+01 N
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 ug/L 3 1 1 2.6E-01 Y

Radford Army Ammunition Plant
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Table E.2-2.5
Area B Groundwater Non-Detects Screening

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted

T-RBC

Maximum 
MDL 

Exceeds SL
2,4,5-TRICHLOROPHENOL 95-95-4 ug/L 3 3 3 3.7E+02 N
2,4,6-TRICHLOROPHENOL 88-06-2 ug/L 3 3 3 3.6E+00 N
2,4-DICHLOROPHENOL 120-83-2 ug/L 3 2 2 1.1E+01 N
2,4-DIMETHYLPHENOL 105-67-9 ug/L 3 1 1 7.3E+01 N
2,4-DINITROPHENOL 51-28-5 ug/L 3 5 5 7.3E+00 N
2,4-DINITROTOLUENE 121-14-2 ug/L 3 1 1 7.3E+00 N
2,6-DINITROTOLUENE 606-20-2 ug/L 3 0.8 0.8 3.7E+00 N
2-CHLORONAPHTHALENE 91-58-7 ug/L 3 1 1 4.9E+01 N
2-CHLOROPHENOL 95-57-8 ug/L 3 2 2 3.0E+00 N
2-METHYLNAPHTHALENE 91-57-6 ug/L 3 2 2 2.4E+00 N
2-METHYLPHENOL 95-48-7 ug/L 3 1 1 1.8E+02 N
2-NITROANILINE 88-74-4 ug/L 3 2 2 -- NS
2-NITROPHENOL 88-75-5 ug/L 3 2 2 -- NS
3,3'-DICHLOROBENZIDINE 91-94-1 ug/L 3 1 1 1.5E-01 Y
3-NITROANILINE 99-09-2 ug/L 3 2 2 -- NS
4,6-DINITRO-2-METHYLPHENOL 534-52-1 ug/L 3 1 1 -- NS
4-BROMOPHENYL PHENYL ETHER 101-55-3 ug/L 3 10 10 -- NS
4-CHLORO-3-METHYLPHENOL 59-50-7 ug/L 3 1 1 -- NS
4-CHLOROANILINE 106-47-8 ug/L 3 1 1 1.5E+01 N
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 ug/L 3 10 10 -- NS
4-METHYLPHENOL 106-44-5 ug/L 3 2 2 1.8E+01 N
4-NITROANILINE 100-01-6 ug/L 3 2 2 -- NS
4-NITROPHENOL 100-02-7 ug/L 3 3 3 -- NS
ACENAPHTHENE 83-32-9 ug/L 3 1 1 3.7E+01 N
ACENAPHTHYLENE[9] 208-96-8 ug/L 3 1 1 1.8E+01 N
ACETOPHENONE 98-86-2 ug/L 3 1 1 6.1E+01 N
ANTHRACENE 120-12-7 ug/L 3 1 1 1.8E+02 N
ATRAZINE 1912-24-9 ug/L 3 0.5 0.5 3.0E-01 Y
BENZALDEHYDE 100-52-7 ug/L 3 3 3 3.7E+02 N
BIS(2-CHLOROETHOXY)METHANE 111-91-1 ug/L 3 1 1 -- NS
BIS(2-CHLOROETHYL)ETHER 111-44-4 ug/L 3 1 1 9.6E-03 Y
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 ug/L 2 1 1 4.8E+00 N
BENZO(A)ANTHRACENE 56-55-3 ug/L 3 0.9 0.9 3.0E-02 Y
BENZO(A)PYRENE 50-32-8 ug/L 3 0.9 0.9 3.0E-03 Y
BENZO(B)FLUORANTHENE 205-99-2 ug/L 3 2 2 3.0E-02 Y
BENZO(G,H,I)PERYLENE[9] 191-24-2 ug/L 3 0.9 0.9 1.8E+01 N
BENZO(K)FLUORANTHENE 207-08-9 ug/L 3 2 2 3.0E-01 Y
BUTYL BENZYL PHTHALATE 85-68-7 ug/L 3 10 10 7.3E+02 N
CAPROLACTAM 105-60-2 ug/L 3 1 1 1.8E+03 N
CARBAZOLE 86-74-8 ug/L 3 1 1 3.3E+00 N
CHRYSENE 218-01-9 ug/L 3 1 1 3.0E+00 N
DI-N-BUTYL PHTHALATE 84-74-2 ug/L 3 10 10 3.7E+02 N
DI-N-OCTYL PHTHALATE 117-84-0 ug/L 3 10 10 -- NS
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/L 3 0.8 0.8 3.0E-03 Y
DIBENZOFURAN 132-64-9 ug/L 3 1 1 3.7E+00 N
DIETHYL PHTHALATE 84-66-2 ug/L 3 10 10 2.9E+03 N
DIMETHYL PHTHALATE 131-11-3 ug/L 3 10 10 -- NS
FLUORANTHENE 206-44-0 ug/L 3 1 1 1.5E+02 N
FLUORENE 86-73-7 ug/L 3 0.9 0.9 2.4E+01 N
HEXACHLOROBENZENE 118-74-1 ug/L 3 1 1 4.2E-02 Y
HEXACHLOROBUTADIENE 87-68-3 ug/L 3 2 2 8.6E-01 Y
HEXACHLOROCYCLOPENTADIENE 77-47-4 ug/L 3 1 1 2.2E+01 N
HEXACHLOROETHANE 67-72-1 ug/L 3 1 1 3.7E+00 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/L 3 0.8 0.8 3.0E-02 Y
ISOPHORONE 78-59-1 ug/L 3 1 1 7.0E+01 N
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 ug/L 3 1 1 9.6E-03 Y
N-NITROSODIPHENYLAMINE 86-30-6 ug/L 3 10 10 1.4E+01 N
NAPHTHALENE 91-20-3 ug/L 3 1 1 6.5E-01 Y
NITROBENZENE 98-95-3 ug/L 3 2 2 3.5E-01 Y
PENTACHLOROPHENOL 87-86-5 ug/L 3 3 3 5.6E-01 Y
PHENOL 108-95-2 ug/L 3 0.8 0.8 1.1E+03 N
PHENANTHRENE[9] 85-01-8 ug/L 3 1 1 1.8E+01 N
PYRENE 129-00-0 ug/L 3 1 1 1.8E+01 N
Dioxin/Furans
OCDD 3268-87-9 ng/L 3 0.1011 0.102 -- NS
OCDF 39001-02-0 ng/L 3 0.1011 0.102 -- NS
1,2,3,4,6,7,8-HpCDD 35822-39-4 ng/L 3 0.0506 0.051 -- NS
1,2,3,4,6,7,8-HpCDF 67562-39-4 ng/L 3 0.0506 0.051 -- NS
1,2,3,4,7,8,9-HpCDF 55673-89-7 ng/L 5 0.00258 0.051 -- NS
1,2,3,4,7,8-HxCDD 39227-28-6 ng/L 6 0.00258 0.051 -- NS
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Table E.2-2.5
Area B Groundwater Non-Detects Screening

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Name CAS # Units
Number of 

Non-Detects
Minimum 

MDL
Maximum 

MDL
Adjusted

T-RBC

Maximum 
MDL 

Exceeds SL
1,2,3,4,7,8-HxCDF 70648-26-9 ng/L 5 0.00258 0.051 -- NS
1,2,3,6,7,8-HxCDD 57653-85-7 ng/L 5 0.00258 0.051 -- NS
1,2,3,6,7,8-HxCDF 57117-44-9 ng/L 5 0.00258 0.051 -- NS
1,2,3,7,8,9-HxCDD 19408-74-3 ng/L 5 0.00258 0.051 1.1E-02 Y
1,2,3,7,8,9-HxCDF 72918-21-9 ng/L 4 0.0026 0.051 -- NS
1,2,3,7,8-PeCDD 40321-76-4 ng/L 4 0.0026 0.051 -- NS
1,2,3,7,8-PeCDF 57117-41-6 ng/L 4 0.0026 0.051 -- NS
2,3,4,6,7,8-HxCDF 60851-34-5 ng/L 4 0.0026 0.051 -- NS
2,3,7,8-TCDD 1746-01-6 ng/L 6 0.000945 0.0102 4.5E-04 Y
2,3,7,8-TCDF 51207-31-9 ng/L 5 0.000557 0.0102 -- NS
Total HxCDDs 34465-46-8 ng/L 5 0.00258 0.051 -- NS
Total HxCDFs 55684-94-1 ng/L 4 0.0026 0.051 -- NS
Total PeCDDs 36088-22-9 ng/L 4 0.0026 0.051 -- NS
Total PeCDFs 30402-15-4 ng/L 4 0.0026 0.051 -- NS
Total TCDDs 41903-57-5 ng/L 6 0.000945 0.0102 -- NS
Total TCDFs 55722-27-5 ng/L 6 0.000557 0.0102 -- NS
PAHs
ACENAPHTHENE 83-32-9 ug/L 3 0.3 0.3 3.7E+01 N
ACENAPHTHYLENE[9] 208-96-8 ug/L 3 0.22 0.22 1.8E+01 N
ANTHRACENE 120-12-7 ug/L 3 0.25 0.25 1.8E+02 N
BENZO(A)ANTHRACENE 56-55-3 ug/L 3 0.047 0.047 3.0E-02 Y
BENZO(A)PYRENE 50-32-8 ug/L 3 0.029 0.029 3.0E-03 Y
BENZO(B)FLUORANTHENE 205-99-2 ug/L 3 0.04 0.04 3.0E-02 Y
BENZO(G,H,I)PERYLENE[9] 191-24-2 ug/L 3 0.18 0.18 1.8E+01 N
BENZO(K)FLUORANTHENE 207-08-9 ug/L 3 0.05 0.05 3.0E-01 N
CHRYSENE 218-01-9 ug/L 3 0.061 0.061 3.0E+00 N
DIBENZO(A,H)ANTHRACENE 53-70-3 ug/L 3 0.082 0.082 3.0E-03 Y
FLUORANTHENE 206-44-0 ug/L 3 0.074 0.074 1.5E+02 N
FLUORENE 86-73-7 ug/L 3 0.44 0.44 2.4E+01 N
INDENO(1,2,3-CD)PYRENE 193-39-5 ug/L 3 0.089 0.089 3.0E-02 Y
NAPHTHALENE 91-20-3 ug/L 3 0.38 0.38 6.5E-01 N
PHENANTHRENE[9] 85-01-8 ug/L 3 0.21 0.21 1.8E+01 N
PYRENE 129-00-0 ug/L 3 0.12 0.12 1.8E+01 N
Explosives
1,3,5-TRINITROBENZENE 99-35-4 ug/L 11 0.045 5 1.1E+02 N
1,3-DINITROBENZENE 99-65-0 ug/L 9 0.071 0.23 3.7E-01 N
2,4,6-TRINITROTOLUENE[10] 118-96-7 ug/L 9 0.075 0.1 1.8E+00 N
2,4-DINITROTOLUENE 121-14-2 ug/L 9 0.092 0.12 7.3E+00 N
2,6-DINITROTOLUENE 606-20-2 ug/L 9 0.16 0.27 3.7E+00 N
2-AMINO-4,6-DINITROTOLUENE 35572-78-2 ug/L 9 0.2 0.24 7.3E+00 N
2-NITROTOLUENE 88-72-2 ug/L 9 0.26 0.28 6.1E+00 N
3-NITROTOLUENE 99-08-1 ug/L 9 0.17 0.22 -- NS
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 ug/L 9 0.22 0.31 7.3E+00 N
4-NITROTOLUENE 99-99-0 ug/L 9 0.15 0.49 4.2E+00 N
HMX (OCTAHYDRO-1,3,5,7-TETRANITRO-1,3,5, 2691-41-0 ug/L 7 0.16 0.2 1.8E+02 N
NITROBENZENE 98-95-3 ug/L 9 0.058 0.15 3.5E-01 N
RDX (HEXAHYDRO-1,3,5-TRINITRO-1,3,5-TRIA 121-82-4 ug/L 8 0.092 0.25 6.1E-01 N
TETRYL (METHYL-2,4,6-TRINITROPHENYLNITRA 479-45-8 ug/L 9 0.15 0.18 1.5E+01 N

Notes:
CAS = Chemical Abstracts Service Y = MDL exceeds screening level
µg/L = Microgram Per Liter N = MDL does not exceed screening level
ng/L = Nanogram Per Liter NS = No screening level available
TAL = Target Analyte List [1] = Chromium IV RBC value was used
TCL = Target Compound List [2] = Lead criteria are Action Levels; see USEPA Region III guidance
PCB = Polychlorinated Biphenyl [3] = Mercuric chloride soil RBC value used
SVOC = Semi-volatile Organic Compound [4] = Chlordane RBC value was used
PAH = Polynuclear Aromatic Hydrocarbon [5] = Alpha-BHC RBC value was used
MDL = Method Detection Limit [6] = Endosulfan RBC value was used
RBC =  USEPA Region III Risk-Based Concentration [7] = Endrin RBC value was used
             (RBC) values from the October 11, 2007, 
             RBC Table and October 11, 2007, Alternate RBC Table
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens [9] = Pyrene RBC value was used
T-RBC = Tap Water RBC

[8] = Noncarcinogenic Residential RBC value for Aroclor 
1254 was used for screening

[10] =  Noncarcinogenic Residential and Industrial RBC 
values for 2,4,6-Trinitrotoluene were used for screening

Radford Army Ammunition Plant
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Analyte CAS ABSd * Di Dw Koc Kd H Da VFC/I Worker/ VF Maint. Worker VFConst. Worker VFAdult Resident VFChild  Resident

(m3/kg) (cm2/s) (cm2/s) (cm3/g) (cm3/g) (unitless) (cm2/sec) (m3/kg) (m3/kg) (m3/kg) (m3/kg)

Aluminum 7429-90-5 1.00E-02 -- -- -- -- -- -- -- -- -- --
Antimony 7440-36-0 1.00E-02 -- -- -- -- -- -- -- -- -- --
Arsenic 7440-38-2 3.00E-02 -- -- -- -- -- -- -- -- -- --
Chromium 7440-47-3 1.00E-02 -- -- -- -- -- -- -- -- -- --
Cobalt 7440-48-4 1.00E-02 -- -- -- -- -- -- -- -- -- --
Copper 7440-50-8 1.00E-02 -- -- -- -- -- -- -- -- -- --
Iron 7439-89-6 1.00E-02 -- -- -- -- -- -- -- -- -- --
Manganese 7439-96-5 1.00E-02 -- -- -- -- -- -- -- -- -- --
Thallium 7440-28-0 1.00E-02 -- -- -- -- -- -- -- -- -- --
Vanadium 7440-62-2 1.00E-02 -- -- -- -- -- -- -- -- -- --

Heptachlor epoxide 1024-57-3 1.00E-01 -- -- -- -- -- -- -- -- -- --
Aroclor 1254 11097-69-1 1.40E-01 -- -- -- -- -- -- -- -- -- --
Aroclor 1260 11096-82-5 1.40E-01 -- -- -- -- -- -- -- -- -- --
Dimethylphthalate 131-11-3 1.00E-01 -- -- -- -- -- -- -- -- -- --
Di-n-octylphthalate 117-84-0 1.00E-01 -- -- -- -- -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 1.30E-01 -- -- -- -- -- -- -- -- -- --
2,4,6-Trinitrotoluene[1] 118-96-7 3.00E-02 -- -- -- -- -- -- -- -- -- --
2,4-Dinitrotoluene 121-14-2 1.00E-01 -- -- -- -- -- -- -- -- -- --
2,6-Dinitrotoluene 606-20-2 1.00E-01 -- -- -- -- -- -- -- -- -- --
Dinitrotoluene Mix[2] -- 1.00E-01 -- -- -- -- -- -- -- -- -- --
Aminodinitrotoluenes[1,3] - 6.00E-03 -- -- -- -- -- -- -- -- -- --
RDX 121-82-4 1.50E-02 -- -- -- -- -- -- -- -- -- --
Nitroglycerin [1] 55-63-0 1.00E-02 -- -- -- -- -- -- -- -- -- --
2,3,7,8-TCDD Equivalents 1746-01-6 3.00E-02 -- -- -- -- -- -- -- -- -- --

Notes:
CAS = Chemical Abstract Service
ABSd = Dermal Absorption Fraction
VF = Volatilization Factor
Da = Apparent Diffusivity
m3/kg = cubic meters per kilogram
cm2/s = centimeter squared per second

*ABSd values are taken from Exhibit 3-4, Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health Evaluation and 
Manual, Part E; Supplemental Guidance for Dermal Risk Assessment, July 2004, and  Region III Technical Guidance, 
Assessing Dermal Exposure in Soil, December 1995.
[1] = ABSd value for 2,4,6-Trinitrotoluene, RDX, Nitroglycerin, and Aminodinitrotoluenes from RAIS
[2]= ABSd value for 2,4-Dintrotoluene used for  Dinitrotoluene Mix 
[3]= ABSd value for 2-Amino-4,6-Dintrotoluene used for Aminodinitrotoluenes 

Da values calculated using the following equation and values from the Supplemental Guidance for 
Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. USEPA, 2002.
Equation 4-8 from USEPA, 2002:

Da =[((Θa
10/3 x Di x H) + (Θw

10/3 x Dw))/n2]/[((ρb x Kd) + Θw + (Θa x H)]

Θa (Lair/Lsoil) = 0.28
Θw (Lwater/Lsoil) = 0.15

Di(cm2/sec) = varies
Dw(cm2/sec) = varies

H(unitless) = varies
n (LPore/Lsoil) = 0.43
ρb (g/cm3) = 1.50
Kd (cm3/g) = varies

Koc (cm3/g) = varies
foc (g/g) = 0.006

Table E.2-4.3.RME
Dermal Absorption Fractions and Volatilization Factors for Soil/Sediment - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Radford Army Ammunition Plant
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Table E.2-4.3.RME
Dermal Absorption Fractions and Volatilization Factors for Soil/Sediment - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Notes continued:
VF (soil only) values for commercial/industrial worker, adult resident, and child resident, and adolescent tresspasser calculated using the following equations and values from the

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. USEPA, 2002.
Equation 4-8 from USEPA, 2002:

VF = Q/Cvol*(3.14*DA*T)1/2*CF/(2*ρb*Da)
Q/Cvol (g/m2-s)/kg/m3) = 46.22 calculated value

DA (cm2/sec) = varies chemical specific (see above)
T (sec) = varies receptor specific exposure interval (T= ED(yrs)*365 days/year*24 hours/day*60 min/hour*60sec/min)

(Maintenance Worker=7.88E+08 sec, Commercial/Industrial Worker=7.88E+08 sec, Adult Resident=7.56E+08, Child Resident=1.89E+08, and Adolescent Trespasser=3.15E+08 sec)
CF (m2/cm2) = 1.00E-04 default

ρb (g/cm3) 1.5 default
Exhibit D-3 from USEPA, 2002:

Q/Cvol = A*e^((lnAsite - B)2/C)) = 46.22
A = 9.9253 Huntington value
B = 18.6636 Huntington value
C = 211.8862 Huntington value

Asite (acres)= 1.84 contaminated site area

VF (soil only) values for construction worker were calculated using the following equations and values from the
Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. USEPA, 2002.
Equation 5-14 from USEPA 2002:

VF = Q/Csa*1/FD*(3.14*DA*T)1/2*CF/(2*ρb*DA)
Q/Csa (g/m2-s)/kg/m3) = 11.23 calculated value

FD (unitless) = 0.185 default
DA (cm2/sec) = varies chemical specific (see above)

T (sec) = 3.15E+07 receptor specific exposure interval (T= ED(yrs)*365 days/year*24 hours/day*60 min/hour*60sec/min)
CF (m2/cm2) = 1.00E-04 default

ρb (kg/L) = 1.5 default
Equation 5-15 from USEPA, 2002:

Q/Csa = A*e^((lnAc - B)2/C)) = 11.23
A= 2.4538 default
B = 17.566 default
C = 189.0426 default

Ac (acres)= 1.84 contaminated site area

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.2-4.4.RME
PEF Calculations - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Commercial Worker/Resident
Equation 4-5 from Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. 

OSWER 9355.4-24. USEPA, 2002.

Parameter Value
PEF 6.70E+08
Q/Cwind 46.22 calculated below
V 0.5 default
Um 4.69 default
Ut 11.32 default
F(x) 0.194 default

PEF = particulate emission factor (m3/kg)
s/h = seconds per hour
Q/Cwind = Inverse of the ratio of the geometric mean air concentration to the emission flux at the

 center of a square source (g/m3-s per kg/m3)
V = fraction of vegatative cover (unitless)
Um = mean annual windspeed (m/s)
Ut = equivalent threshold value of windspeed at 7m (m/s)
F(x) = function dependent on Um/Ut derived using Cowherd et al. (1985)
Site Area = 1.84

Q/Cwind calculated in accordance with Exhibit D-2 from USEPA, 2002
using A, B, and C values for Huntington, WV:
Q/Cwind = A*e^((lnAsite - B)2/C))

Q/Cwind= 46.22
A = 9.9253 unitless
B = 18.6636 unitless
C = 211.8862 unitless
Asite= 1.84 acres

)()^3/()1(036.0
/600,3/

xFUUV
hsCQPEF

tm
wind

⋅⋅−⋅
= ⋅

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table E.2-4.4.RME
PEF Calculations - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Construction Worker
Equation 5-5 from Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. 

OSWER 9355.4-24. USEPA, 2002.

Parameter Value
PEFsc 1.18E+06
Q/Csr 18.66 calculated
FD 0.185 default
T (sec) 7,488,000 assumed-see below
AR (m

2) 526 calculated
W (tons) 8 assumed-see below
p (days/yr) 140 determined-see below
sumVKT (km) 663 assumed-see below

PEFsr = subchronic road particulate emission factor (m3/kg)
Q/Csr = Inverse of the ratio of the 1-h geometric mean air concentration to the emission flux along a 

straight road segment bisecting a square site (g/m2-s per kg/m3)
FD = dispersion correction factor (unitless)
T = total time over which construction occurs-total time period assumed to be 6 months 

(52wks x 5days per week x  8 hours per day x 3,600 s per hour)
AR = surface area of contaminated road segment (m2)

LR = length of road segment (assumed to equal to (1.84 acres*43,560 ft2/acre)1/2)
WR = width of road segment (assumed to be 20 ft)

AR = LR x WR x 0.092903m2/ft2

AR= 526 m2

W = mean vehicle weight assumed to be 8 tons ([(20 cars * 2 tons/car)+(10 trucks*20 tons/truck)]/30 vehicles)
p = number of days with at least 0.01 inches of precipitation (from Exhibit 5-2 140 days/year)
sumVKT = sum of fleet vehicle kilometers traveled during the exposure duration (km)

(30 of vehicles x 0.085 of km/day x 52wks x 5 days/wk)

Q/Csr calculated in accordance with Equation 5-6:
using A, B, and C default values:
Q/Csr = A*e^((lnAs - B)2/C))

Q/Csr= 18.66 g/m2-s per kg/m3

A = 12.9351 unitless
B = 5.7383 unitless
C = 71.7711 unitless
As = 1.84 acres

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

⋅
−

⋅⋅

⋅
⋅=

∑
⋅

VKT
yrd

pyrd
W

AT
F

CQPEF R

D
srsc

/365
)/365(

4.0)^3/(556

1/
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Analyte CAS FA Kp tau event B t*
(cm/hr) (hr) (hr)

Aluminum 7429-90-5 -- 1.0E-03 -- -- --
Cobalt 7440-36-0 -- 1.0E-03 -- -- --
Manganese 7439-96-5 -- 1.0E-03 -- -- --

Total 2,3,7,8-TCDD Equivalents 1746-01-6 0.5 8.1E-01 6.8E+00 5.6E+00 3.0E+01

Notes:
Organic parameter values are taken from Organic values from Organic Chemicals in Water Spreadsheet 

(http://www.epa.gov/oswer/riskassessment/ragse/index.htm).
Inorganic parameters were taken from Exhibit 3-1, Risk Assessment Guidance for Superfund (RAGS), 

Volume I, Human Health Evaluation Manual, Part E; Supplemental Guidance for Dermal Risk 
Assessment.  July 2004.

Table E.2-4.5.RME
Parameter Values Used for Groundwater - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Lifetime

Medium Exposure Medium Exposure Point Exposure Chemical of Potential Cancer
Route Concern Value Units Risk 

Total Soil Soil Soil Ingestion Aluminum 13765 mg/kg --
Antimony 2.614 mg/kg --
Arsenic 1.671 mg/kg 4.E-06
Chromium 22.09 mg/kg --
Cobalt 8.47 mg/kg --
Copper 44.95 mg/kg --
Iron 20993 mg/kg --
Manganese 472.7 mg/kg --
Vanadium 34.92 mg/kg --
Heptachlor epoxide 0.0629 mg/kg 9.E-07
Aroclor 1254 0.48 mg/kg 2.E-06
Aroclor 1260 0.51 mg/kg 2.E-06
Di-n-octylphthalate 0.64 mg/kg --
Dimethylphthalate 0.308 mg/kg --
Benzo(a)pyrene* 0.0173 mg/kg 8.E-07
2,4,6-Trinitrotoluene 61.1 mg/kg 3.E-06
2,4-Dinitrotoluene 13.78 mg/kg --
Dinitrotoluene Mix 13.88 mg/kg 1.5.E-05
Aminodinitrotoluenes 27.44 mg/kg --
RDX 0.77 mg/kg 1.E-07
Nitroglycerin 32.5 mg/kg 9.E-07
2,3,7,8-TCDD Equivalents 0.0000604 mg/kg 1.4.E-05

Exp. Route Total 4.E-05
Dermal Aluminum 13765 mg/kg --

Absorption Antimony 2.614 mg/kg --
Arsenic 1.671 mg/kg 4.E-07
Chromium 22.09 mg/kg --
Cobalt 8.47 mg/kg --
Copper 44.95 mg/kg --
Iron 20993 mg/kg --
Manganese 472.7 mg/kg --
Vanadium 34.92 mg/kg --
Heptachlor epoxide 0.0629 mg/kg 3.E-07
Aroclor 1254 0.48 mg/kg 7.E-07
Aroclor 1260 0.51 mg/kg 7.E-07
Di-n-octylphthalate 0.64 mg/kg --
Dimethylphthalate 0.308 mg/kg --
Benzo(a)pyrene* 0.0173 mg/kg 3.E-07
2,4,6-Trinitrotoluene 61.1 mg/kg 3.E-07
2,4-Dinitrotoluene 13.78 mg/kg --
Dinitrotoluene Mix 13.88 mg/kg 5.E-06
Aminodinitrotoluenes 27.44 mg/kg --
RDX 0.77 mg/kg 2.E-09
Nitroglycerin 32.5 mg/kg 3.E-08
2,3,7,8-TCDD Equivalents 0.0000604 mg/kg 1.E-06

Exp. Route Total 9.E-06
Exposure Point Total 5.E-05

Exposure Medium Total 5.E-05

EPC

Radford Army Ammunition Plant, Radford, Virginia

TABLE E.2-7.6.RME
Calculation of Chemical Cancer Risks and Non-Cancer Hazards

Reasonable Maximum Exposure - Lifetime Resident
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Scenario Timeframe: Future
Receptor Population: Resident
Receptor Age: Lifetime

Medium Exposure Medium Exposure Point Exposure Chemical of Potential Cancer
Route Concern Value Units Risk 

EPC

Radford Army Ammunition Plant, Radford, Virginia

TABLE E.2-7.6.RME
Calculation of Chemical Cancer Risks and Non-Cancer Hazards

Reasonable Maximum Exposure - Lifetime Resident
SWMU 54 RFI/CMS Report

Total Soil Air Fugitive Dust Inhalation Aluminum 13765 mg/kg --
Cont. Antimony 2.614 mg/kg --

Arsenic 1.671 mg/kg 8.E-10
Chromium 22.09 mg/kg 3.E-08
Cobalt 8.47 mg/kg 3.E-09
Copper 44.95 mg/kg --
Iron 20993 mg/kg --
Manganese 472.7 mg/kg --
Vanadium 34.92 mg/kg --
Heptachlor epoxide 0.0629 mg/kg 2.E-11
Aroclor 1254 0.48 mg/kg 3.E-11
Aroclor 1260 0.51 mg/kg 3.E-11
Di-n-octylphthalate 0.64 mg/kg --
Dimethylphthalate 0.308 mg/kg --
Benzo(a)pyrene* 0.0173 mg/kg 8.E-12
2,4,6-Trinitrotoluene 61.1 mg/kg --
2,4-Dinitrotoluene 13.78 mg/kg --
Dinitrotoluene Mix 13.88 mg/kg --
Aminodinitrotoluenes 27.44 mg/kg --
RDX 0.77 mg/kg --
Nitroglycerin 32.5 mg/kg --
2,3,7,8-TCDD Equivalents 0.0000604 mg/kg 3.E-10

Exp. Route Total 3.E-08
Exposure Point Total 3.E-08

Exposure Medium Total 3.E-08
Soil Total 5.E-05

Groundwater Groundwater Groundwater used Ingestion Manganese 72.1 ug/L --
for Tap Water Exp. Route Total --

Dermal Abs. Manganese 72.1 ug/L --
Exp. Route Total --

Exposure Point Total --
Exposure Medium Total --

Groundwater Total --
5.E-05

* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were 
calculated in accordance with USEPA Region III ADAF Guidance (11/08/2006).

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Lifetime

  
Medium Exposure Exposure Chemical Carcinogenic Risk

Medium Point
Ingestion Inhalation Dermal Exposure

 Routes Total
Total Soil Soil Soil Aluminum -- -- -- --

Antimony -- -- -- --
Arsenic 4.E-06 -- 4.E-07 4.E-06
Chromium -- -- -- --
Cobalt -- -- -- --
Copper -- -- -- --
Iron -- -- -- --
Manganese -- -- -- --
Vanadium -- -- -- --
Heptachlor epoxide 9.E-07 -- 3.E-07 1.E-06
Aroclor 1254 2.E-06 -- 7.E-07 2.E-06
Aroclor 1260 2.E-06 -- 7.E-07 2.E-06
Di-n-octylphthalate -- -- -- --
Dimethylphthalate -- -- -- --
Benzo(a)pyrene* 8.E-07 -- 3.E-07 1.E-06
2,4,6-Trinitrotoluene 3.E-06 -- 3.E-07 3.E-06
2,4-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix 1.E-05 -- 5.E-06 2.E-05
Aminodinitrotoluenes -- -- -- --
RDX 1.E-07 -- 2.E-09 1.E-07
Nitroglycerin 9.E-07 -- 3.E-08 9.E-07
2,3,7,8-TCDD Equivalents 1.E-05 -- 1.E-06 2.E-05

Total 4.E-05 -- 9.E-06 5.E-05
Air Air Aluminum -- -- -- --

(Fugitive Dust) Antimony -- -- -- --
Arsenic -- 8.E-10 -- 8.E-10
Chromium -- 3.E-08 -- 3.1.E-08
Cobalt -- 3.E-09 -- 3.E-09
Copper -- -- -- --
Iron -- -- -- --
Manganese -- -- -- --
Vanadium -- -- -- --
Heptachlor epoxide -- 2.E-11 -- 2.E-11
Aroclor 1254 -- 3.E-11 -- 3.E-11
Aroclor 1260 -- 3.E-11 -- 3.E-11
Di-n-octylphthalate -- -- -- --
Dimethylphthalate -- -- -- --
Benzo(a)pyrene* -- 8.E-12 -- 8.E-12
2,4,6-Trinitrotoluene -- -- -- --
2,4-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix -- -- -- --
Aminodinitrotoluenes -- -- -- --
RDX -- -- -- --
Nitroglycerin -- -- -- --
2,3,7,8-TCDD Equivalents -- 3.E-10 -- 3.E-10

Total -- 3.E-08 -- 3.E-08
Groundwater Groundwater Groundwater Manganese -- -- -- --

used as tapwater -- -- -- --
Total Risk Across Soil 5.0.E-05

Total Risk Across Groundwater --

Total Risk Across All Media and All Exposure Routes  5.E-05

* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF 
Guidance (11/08/2006).

TABLE E.2-9.6.RME
RME Summary of Cancer Risks and Non-Cancer Hazards for COPCs:  Lifetime Resident - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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IRON MARGIN OF EXPOSURE EVALUATION
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Table 1
Iron "Margin of Exposure" Evaluation

SMWU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Iron EPC
(mg/kg)

Child Daily Intake
Estimate*
(mg/day)

RDA for Child 6
mths to 4 years

Old

Child Daily Intake **
(mg/kg-day)

Provisional RfD
(mg/kg-day)

19,503 3.7 10 mg/day 0.25 0.7

Iron EPC
(mg/kg)

Child Daily Intake
Estimate*
(mg/day)

RDA for Child 6
mths to 4 years

Old

Child Daily Intake **
(mg/kg-day)

Provisional RfD
(mg/kg-day)

20,993 4.0 10 mg/day 0.27 0.7

* See Table H-2 for equations used to calculated daily intake estimates.
** Default weight of 15 kg used for child

Total Soil - Child Resident - SWMU 54 Area A

Total Soil - Child Resident - SWMU 54 Area B

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table 2
Iron "Margin of Exposure" Evaluation

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/
Code Reference

Ingestion-Total Soil Resident Child SWMU 40/71 AT-NC Averaging Time (Non-Cancer) 2,190 days USEPA, 1991a
CF1 Conversion Factor 1 1.00E-06 kg/mg unit conversion Chronic
CS Chemical Concentration in Soil Chemical Specific mg/kg MDC or EPC Daily = CS*IRS*EF*ED*FI*CF1

ED Exposure Duration 6 years USEPA, 1991a Intake BW*AT

EF Exposure Frequency 350 days/year USEPA, 1991a (mg/day)

FI Fraction Ingested 1 (unitless)
IRS Ingestion Rate of Soil 200 mg/day USEPA, 1991a

Intake Equation

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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LEAD MODEL FOR WINDOWS Version 1.0

==================================================================================
Model Version: 1.0 Build 263
User Name: Tina Devine
Date: 06/11/2007
Site Name: RFAAP
Operable Unit: SWMU 54 - Area B
Run Mode: Site Risk Assessment
----------------------------------------------------------------------------------

# Soil/Dust Data
SWMU 54 - Area B Total Soil EPC
# Water Data
SWMU 54 - Area B Maximum Detected Conc. GW
==================================================================================
The time step used in this model run: 1 - Every 4 Hours (6 times a day).

****** Air ******

Indoor Air Pb Concentration: 30.000 percent of outdoor.
Other Air Parameters:

Age Time Ventilation Lung Outdoor Air
Outdoors Rate Absorption Pb Conc
(hours) (m^3/day) (%) (ug Pb/m^3)

----------------------------------------------------------------------
.5-1 1.000 2.000 32.000 0.100
1-2 2.000 3.000 32.000 0.100
2-3 3.000 5.000 32.000 0.100
3-4 4.000 5.000 32.000 0.100
4-5 4.000 5.000 32.000 0.100
5-6 4.000 7.000 32.000 0.100
6-7 4.000 7.000 32.000 0.100

****** Diet ******

Age Diet Intake(ug/day)
-----------------------------------
.5-1 5.530
1-2 5.780
2-3 6.490
3-4 6.240
4-5 6.010
5-6 6.340
6-7 7.000

****** Drinking Water ******

Water Consumption:
Age Water (L/day)
-----------------------------------
.5-1 0.200
1-2 0.500
2-3 0.520
3-4 0.530
4-5 0.550
5-6 0.580
6-7 0.590

Drinking Water Concentration: 1.600 ug Pb/L

****** Soil & Dust ******

Multiple Source Analysis Used
Average multiple source concentration: 1097.800 ug/g

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Outdoor airborne lead to indoor household dust lead concentration: 100.000



Use alternate indoor dust Pb sources? No

Age Soil (ug Pb/g) House Dust (ug Pb/g)
--------------------------------------------------------
.5-1 1554.000 1097.800
1-2 1554.000 1097.800
2-3 1554.000 1097.800
3-4 1554.000 1097.800
4-5 1554.000 1097.800
5-6 1554.000 1097.800
6-7 1554.000 1097.800

****** Alternate Intake ******

Age Alternate (ug Pb/day)
-----------------------------------
.5-1 0.000
1-2 0.000
2-3 0.000
3-4 0.000
4-5 0.000
5-6 0.000
6-7 0.000

****** Maternal Contribution: Infant Model ******

Maternal Blood Concentration: 2.500 ug Pb/dL

*****************************************
CALCULATED BLOOD LEAD AND LEAD UPTAKES:
*****************************************

Year Air Diet Alternate Water
(ug/day) (ug/day) (ug/day) (ug/day)

-------------------------------------------------------------------------------
.5-1 0.021 2.022 0.000 0.117
1-2 0.034 2.019 0.000 0.279
2-3 0.062 2.360 0.000 0.303
3-4 0.067 2.356 0.000 0.320
4-5 0.067 2.468 0.000 0.361
5-6 0.093 2.690 0.000 0.394
6-7 0.093 3.023 0.000 0.408

Year Soil+Dust Total Blood
(ug/day) (ug/day) (ug/dL)

---------------------------------------------------------------
.5-1 24.301 26.461 13.7
1-2 36.868 39.200 15.7
2-3 38.376 41.100 14.9
3-4 39.845 42.588 14.4
4-5 32.100 34.996 12.2
5-6 29.860 33.037 10.4
6-7 28.704 32.228 9.2



0

25

50

75

100
Prob. Distribution (%)

0 7 14 21 28 35 42 49 56 63 70 77 84

Blood Pb Conc (ug/dL)

Age Range = 0 to 84 months
Time Step = Every 4 Hours
Run Mode = Site Risk Assessment

Cutoff = 10.000 ug/dl
Geo Mean = 12.690
GSD = 1.600
% Above = 69.387



Table 1
Calculation of Blood Lead Concentrations using ALM - Construction Worker - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Calculations of Blood Lead Concentrations (PbBs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

PbB Values for Non-Residential Exposure Scenario

Exposure Equation1 Using Equation 1 Using Equation 2
Variable 1* 2** Description of Exposure Variable Units GSDi = Hom GSDi = Het GSDi = Hom GSDi = Het

PbS X X Soil lead concentration ug/g or ppm 251 251 251 251

Rfetal/maternal X X Fetal/maternal PbB ratio -- 0.9 0.9 0.9 0.9

BKSF X X Biokinetic Slope Factor ug/dL per

ug/day
0.4 0.4 0.4 0.4

GSDi X X Geometric standard deviation PbB -- 2.1 2.3 2.1 2.3

PbB0 X X Baseline PbB ug/dL 1.5 1.7 1.5 1.7

IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.330 0.330 -- --

IRS+D X Total ingestion rate of outdoor soil and indoor dust g/day -- -- 0.330 0.330

WS X Weighting factor; fraction of IRS+D ingested as outdoor soil -- -- -- 1.0 1.0

KSD X Mass fraction of soil in dust -- -- -- 0.7 0.7

AFS, D X X Absorption fraction (same for soil and dust) -- 0.12 0.12 0.12 0.12

EFS, D X X Exposure frequency (same for soil and dust) days/yr 250 250 250 250

ATS, D X X Averaging time (same for soil and dust) days/yr 365 365 365 365

PbBadult PbB of adult worker, geometric mean ug/dL 4.2 4.4 4.2 4.4

PbBfetal, 0.95 95th percentile PbB among fetuses of adult workers ug/dL 12.9 15.7 12.9 15.7

PbBt Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0

P(PbBfetal > PbBt) Probability that fetal PbB > PbBt, assuming lognormal distribution % 9.6% 13.4% 9.6% 13.4%
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes WS, KSD).

When IRS = IRS+D and WS = 1.0, the equations yield the same PbBfetal,0.95.

*Equation 1, based on Eq. 1, 2 in USEPA (1996).

PbB adult = (PbS*BKSF*IRS+D*AFS,D*EFS/ATS.D) + PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

**Equation 2, alternate approach based on Eq. 1, 2, and A-19 in USEPA (1996).

PbB adult = PbS*BKSF*([(IRS+D)*AFS*EFS*WS]+[KSD*(IRS+D)*(1-WS)*AFD*EFD])/365+PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed 1/31/2008 12:34 PM



Table 2
Calculation of Blood Lead Concentrations using ALM - Commercial Worker - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Calculations of Blood Lead Concentrations (PbBs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

PbB Values for Non-Residential Exposure Scenario

Exposure Equation1 Using Equation 1 Using Equation 2
Variable 1* 2** Description of Exposure Variable Units GSDi = Hom GSDi = Het GSDi = Hom GSDi = Het

PbS X X Soil lead concentration ug/g or ppm 251 251 251 251

Rfetal/maternal X X Fetal/maternal PbB ratio -- 0.9 0.9 0.9 0.9

BKSF X X Biokinetic Slope Factor ug/dL per

ug/day
0.4 0.4 0.4 0.4

GSDi X X Geometric standard deviation PbB -- 2.1 2.3 2.1 2.3

PbB0 X X Baseline PbB ug/dL 1.5 1.7 1.5 1.7

IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.050 0.050 -- --

IRS+D X Total ingestion rate of outdoor soil and indoor dust g/day -- -- 0.050 0.050

WS X Weighting factor; fraction of IRS+D ingested as outdoor soil -- -- -- 1.0 1.0

KSD X Mass fraction of soil in dust -- -- -- 0.7 0.7

AFS, D X X Absorption fraction (same for soil and dust) -- 0.12 0.12 0.12 0.12

EFS, D X X Exposure frequency (same for soil and dust) days/yr 250 250 250 250

ATS, D X X Averaging time (same for soil and dust) days/yr 365 365 365 365

PbBadult PbB of adult worker, geometric mean ug/dL 1.9 2.1 1.9 2.1

PbBfetal, 0.95 95th percentile PbB among fetuses of adult workers ug/dL 5.8 7.5 5.8 7.5

PbBt Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0

P(PbBfetal > PbBt) Probability that fetal PbB > PbBt, assuming lognormal distribution % 0.9% 2.3% 0.9% 2.3%
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes WS, KSD).

When IRS = IRS+D and WS = 1.0, the equations yield the same PbBfetal,0.95.

*Equation 1, based on Eq. 1, 2 in USEPA (1996).

PbB adult = (PbS*BKSF*IRS+D*AFS,D*EFS/ATS.D) + PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

**Equation 2, alternate approach based on Eq. 1, 2, and A-19 in USEPA (1996).

PbB adult = PbS*BKSF*([(IRS+D)*AFS*EFS*WS]+[KSD*(IRS+D)*(1-WS)*AFD*EFD])/365+PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed 1/31/2008 12:35 PM



Table 3
Calculation of Blood Lead Concentrations using ALM - Maintenance Worker - Area B
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Calculations of Blood Lead Concentrations (PbBs)
U.S. EPA Technical Review Workgroup for Lead, Adult Lead Committee

Version date 05/19/03

PbB Values for Non-Residential Exposure Scenario

Exposure Equation1 Using Equation 1 Using Equation 2
Variable 1* 2** Description of Exposure Variable Units GSDi = Hom GSDi = Het GSDi = Hom GSDi = Het

PbS X X Soil lead concentration ug/g or ppm 366 366 366 366

Rfetal/maternal X X Fetal/maternal PbB ratio -- 0.9 0.9 0.9 0.9

BKSF X X Biokinetic Slope Factor ug/dL per

ug/day
0.4 0.4 0.4 0.4

GSDi X X Geometric standard deviation PbB -- 2.1 2.3 2.1 2.3

PbB0 X X Baseline PbB ug/dL 1.5 1.7 1.5 1.7

IRS X Soil ingestion rate (including soil-derived indoor dust) g/day 0.100 0.100 -- --

IRS+D X Total ingestion rate of outdoor soil and indoor dust g/day -- -- 0.100 0.100

WS X Weighting factor; fraction of IRS+D ingested as outdoor soil -- -- -- 1.0 1.0

KSD X Mass fraction of soil in dust -- -- -- 0.7 0.7

AFS, D X X Absorption fraction (same for soil and dust) -- 0.12 0.12 0.12 0.12

EFS, D X X Exposure frequency (same for soil and dust) days/yr 219 219 219 219

ATS, D X X Averaging time (same for soil and dust) days/yr 365 365 365 365

PbBadult PbB of adult worker, geometric mean ug/dL 2.6 2.8 2.6 2.8

PbBfetal, 0.95 95th percentile PbB among fetuses of adult workers ug/dL 7.8 9.8 7.8 9.8

PbBt Target PbB level of concern (e.g., 10 ug/dL) ug/dL 10.0 10.0 10.0 10.0

P(PbBfetal > PbBt) Probability that fetal PbB > PbBt, assuming lognormal distribution % 2.4% 4.7% 2.4% 4.7%
1 Equation 1 does not apportion exposure between soil and dust ingestion (excludes WS, KSD).

When IRS = IRS+D and WS = 1.0, the equations yield the same PbBfetal,0.95.

*Equation 1, based on Eq. 1, 2 in USEPA (1996).

PbB adult = (PbS*BKSF*IRS+D*AFS,D*EFS/ATS.D) + PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

**Equation 2, alternate approach based on Eq. 1, 2, and A-19 in USEPA (1996).

PbB adult = PbS*BKSF*([(IRS+D)*AFS*EFS*WS]+[KSD*(IRS+D)*(1-WS)*AFD*EFD])/365+PbB0

PbB fetal, 0.95 = PbBadult * (GSDi
1.645 * R)

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead

for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed 1/31/2008 12:36 PM
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% ....................... Percent 
ADD.................. Average Daily Dose 
AF ..................... Area Use Factor 
BAF................... Bioaccumulation Factor 
BTAG................ Biological Technical Assistance Group 
BW .................... Body Weight 
CTRV................... NOAEL- or LOAEL-based TRV concentration 
COPC ................ Chemical of Potential Concern 
COPEC.............. Chemical of Potential Ecological Concern 
DF ..................... Dietary Fraction 
DW:WW ........... Dry weight to wet weight 
ECO-SSL .......... Ecological Soil Screening Level 
EF...................... Extrapolation Factor 
EPC ................... Exposure Point Concentration 
HQ..................... Hazard Quotient 
IR ...................... Ingestion Rate 
kg ...................... Kilogram 
LD50................... Lethal Dose to 50% of the test population 
LOAEL ............. Lowest Observable Adverse Effects Level 
MDC ................. Maximum Detected Concentration 
mg ..................... Milligram 
mg/kg ................ Milligrams Per Kilogram  
NOAEL............. No Observable Adverse Effects Level 
ORNL................ Oak Ridge National Laboratory 
PAH .................. Polynuclear Aromatic Hydrocarbon 
SLERA.............. Screening Level Ecological Risk Assessment 
2,3,7,8 TCDD.... 2,3,7,8-tetrachlorodibenzo-p-dioxin 
TEF ................... Toxicity Equivalence Factor 
TEQ................... Toxicity Equivalent 
TOC .................. Total Organic Carbon 
TRV .................. Toxicity Reference Value 
UF ..................... Uncertainty Factor 
UFplant ................ Plant Uptake Factor 
USACHPPM..... U.S. Army Center for Health Promotion and Preventive Medicine 
USEPA.............. U.S. Environmental Protection Agency 
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1.0 INTRODUCTION 
The purpose of this appendix is to present and describe development of exposure assessment models for 
the receptors presented in Section 7.0, the Screening Level Ecological Risk Assessment (SLERA) at 
SWMU 54.  The following sections provide a summary of parameters used in the models and a detailed 
description of the direct contact and dose rate modeling approachs used in the SLERA.  The complete 
SLERAs for Area A and Area B are presented in Appendices F.2 and F.3, respectively. 

2.0 MODEL PARAMETERS 
The direct contact and dose rate models include parameters relating to receptor-specific exposure, 
chemical of potential concern (COPC) toxicity, and bioaccumulation rates.  The following sections 
describe the estimation of these parameters and major assumptions of parameterization. 

2.1 TOXICITY REFERENCE VALUES 

MDCs for detected chemicals in soil are used as the preliminary exposure estimate to evaluate a 
conservative risk scenario for the direct contact pathway to soil invertebrates.  Other potentially complete 
exposure pathways to soil invertebrate and microbial communities include direct ingestion of soil and 
biota.  Due to insufficient information to quantify these pathways, likely secondary to the direct 
contact/absorption pathway, their omission should not substantially alter the risk characterization. 

To evaluate the preliminary exposure estimates, the Toxicity Reference Values (TRVs) that were 
protective of terrestrial plants and soil invertebrate/microbial communities, were selected from a review 
of toxicological benchmarks for soil.  TRVs for direct contact of soil to invertebrates/microbes and soil to 
plants were determined from the following guidance: 

• USEPA Ecological Soil Screening Level (ECO-SSL): soil invertebrate and plant; 

• Oak Ridge National Laboratory (ORNL): plant, microbial community, earthworm values 
(Efroymson et al. 1997a, Efroymson et al. 1997b, Efroymson et al. 1997c); and 

• USEPA Region III Biological Technical Assistance Group (BTAG) soil screening values 
(USEPA 1995), BTAG freshwater screening benchmarks (USEPA 2006a), and BTAG 
freshwater sediment screening levels (USEPA 2006b) 

Selected screening levels and sources are reported on Tables F.2-5 (Area A) and F.3-5 (Area B) for 
terrestrial plants and Tables F.2-7 (Area A) and F.3-7 (Area B) for soil invertebrates and microbial 
communities.   

2.2 RECEPTOR-SPECIFIC EXPOSURE PARAMETERS 

Wildlife receptors selected to characterize exposure at SWMU 54 include: 

• Herbivorous mammals: Meadow Vole (Microtus pennsylvanicus); 

• Invertivorous mammals: Short-tailed Shrew (Blarina brevicauda); 

• Invertivorous birds:  American Robin (Turdus migratorius); 

• Carnivorous birds:  Red-tailed Hawk (Buteo jamaicensis); and 

• Carnivorous mammals:  Red Fox (Vulpes vulpes). 

Exposure parameters used to derive TRV-based substrate concentrations for each receptor include body 
weight (kg), food ingestion rate (kg dry weight/day), dietary fraction, incidental substrate ingestion rate 
(kg dry weight/day), and area use factor.  Both preliminary and refinement level exposure parameters are 
presented in Table F.2-9 (Area A) and Table F.3-9 (Area B). 
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2.3 LITERATURE-BASED NOAEL AND LOAEL VALUES 

The dose-response relationships for chemicals of potential concern are expressed as NOAELs and 
LOAELs for wildlife receptors, which are defined as a daily ingested amount (mg/kg body weight-day) 
that is associated with a specified effect.  This process involves the determination of a “test species dose” 
for a critical endpoint from a particular experimental combination of exposure concentration, exposure 
duration, test species, and chemical.  Endpoints may be based on growth, reproductive, developmental, 
and survival effects.  Such effects are important because they may affect the abundance or reproductive 
success of receptor populations.  The test-species dose from the selected study is then modified using 
extrapolation and uncertainty factors (EFs and UFs). 

For this evaluation, EFs and UFs are used to modify laboratory study results, based on the methodology 
of Sample et al. (1996).  This process involves the determination of a “test species dose” for a critical 
endpoint from a particular experimental combination of exposure concentration, exposure duration, test 
species, and chemical.  The test-species dose from the selected study is then modified to account for the 
various extrapolations and uncertainties inherent in applying results from a controlled setting to an 
ecologically relevant setting, as in: 

EFWeight -Body
FEndpoint UFDuration U

Dose Species-Test
LOAELor  NOAEL ×

×
=  

EFs and UFs are based on:  (1) the duration of exposure, (2) the endpoint measured, and (3) differences in 
body weights among test and receptor species (Calabrese and Baldwin 1993, Ford et al. 1992, Opresko et 
al. 1994, Sample et al. 1996, USEPA 1996, Wentsel et al. 1994).  EFs and UFs derivation and use is 
described in the following subsections.  The use of surrogate chemical data is also discussed.  NOAEL 
and LOAELs for COPCs are summarized in Table F.2-10 (Area A) and Table F.3-10 (Area B). 

2.3.1 The Test-Species Dose 

Critical toxicological values are identified from carefully qualified primary and secondary literature 
references.  The selection of particular studies and endpoints used for the derivation of NOAELs and 
LOAELs is based on the evaluation of the applicable studies and the dose-response data contained 
therein.  In cases where preferred toxicological endpoints are not available, other toxicity values are used, 
but additional uncertainty factors may be incorporated.  All toxicological values chosen for NOAEL and 
LOAEL derivation are presented on a mg chemical per kg body weight per day (mg/kg BW-day) basis.  
These units allow comparisons among organisms of different body sizes (Sample et al. 1996). 

2.3.2 Duration Uncertainty Factors 

Exposure durations of interest include (1) chronic, (2) subchronic, and (3) acute.  Chronic studies occur 
over the lifetime or a majority of the lifespan of the test organism, generally longer than one year for 
mammals and 10 weeks for birds.  Additionally, studies in which the test organism is dosed during a 
critical life stage (e.g., gestation) are included with chronic duration studies. Subchronic studies include 
exposures of two weeks to one year in duration that do not occur during a critical life stage.  Acute studies 
typically have exposures of less than two weeks. NOAELs and LOAELs are usually reported from 
chronic and subchronic studies, with acute studies often reporting LD50 levels (LD50; doses corresponding 
to the overt expression of a serious adverse effect such as mortality in 50% of test animals).  Test-species 
doses from chronic studies are used preferentially over data from acute and subchronic studies.  In cases 
where chronic data are not available as test-species doses, studies involving less-than-chronic exposures 
are used to in NOAEL and LOAEL derivation with the addition of a duration uncertainty factor.   

For this study, duration uncertainty factors are applied according to USACHPPM 2000: 

• Subchronic NOAEL to Chronic NOAEL:  10 
• Subchronic LOAEL to Chronic NOAEL:  20 
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• Subchronic LOAEL to Chronic LOAEL:  4 
• Acute NOAEL to Chronic NOAEL:  30 
• Acute LOAEL to Chronic NOAEL:  50 
• Acute LOAEL to Chronic LOAEL:  10 

2.3.3 Endpoint Uncertainty Factors 

Additional UFs are used to account for uncertainties in extrapolation between effect- and no-effect levels.  
Specifically, a NOAEL test-species dose may be estimated from a LOAEL (or LD50) value, or a LOAEL 
may be estimated from a LD50. 

Extrapolation from a LOAEL or LD50t to a NOAEL:  Consistent with USACHPPM 2000, a UF of 10 is 
used with chronic LOAEL values to estimate the chronic NOAEL, which is considered conservative 
(Sample et al. 1996, USEPA 1996).  When a LOAEL value is not available, a LD50 is used, although 
chronic NOAELs may range from 1/10 to 1/10,000 of the corresponding acute LD50 value (Opresko et al. 
1994).  For this report, an uncertainty factor of 100 is used to estimate a NOAEL value from a LD50 value 
(USACHPPM 2000). 

Extrapolation from an LD50 to a LOAEL:  Consistent with USACHPPM 2000, an UF of 20 is used 
conservatively to estimate a LOAEL value from a LD50 value (USACHPPM 2000). 

2.3.4 Body-Weight Extrapolation Factor 

This extrapolation is accomplished using a body weight-scaling factor to account for differences in body 
size (Sample et al. 1996).  Numerous studies have shown that many physiological functions such as 
metabolic rates and responses to chemicals are a function of body size for mammals.  Smaller mammals 
have higher metabolic rates and are usually more resistant to chemicals because of more rapid rates of 
detoxification.  It has been shown that the best measure of body size is one based on body surface-area, 
which can be expressed in terms of body weight raised to a fractional power (Opresko et al. 1994, Sample 
et al. 1996, USEPA 1980).  Dosimetric differences between the mammalian test species and wildlife 
receptors are accounted for using: 

25.0

BW
BW

NOAELNOAEL ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=

w

t
tw  

where: 

NOAELw = NOAEL for the mammalian wildlife receptor (mg/kg BW-day) 

NOAELt = NOAEL for the mammalian test species (mg/kg BW-day) 

BWt  = Test species body weight (kg) 

BWw  = Wildlife receptor body weight (kg) 

Scaling factors may not be appropriate for avian interspecies extrapolations.  Information has shown that 
adjustment factors based on body size for interspecies extrapolation among avian species range from 0.63 
to 1.55 (Sample et al. 1996).  Therefore, a body-weight extrapolation factor is not used to derive avian 
NOAELs and LOAELs. 

Mammalian wildlife receptor body weights are presented on Tables F.2-9 (Area A) and F.3-9 (Area B) 
and laboratory test species body weights are presented on Tables F.2-10 (Area A) and F.3-10 (Area B). 
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2.4 BIOACCUMULATION FACTORS 

Bioaccumulation factors (BAFs) provide quantitative indicators of the tendency for a chemical to 
partition into terrestrial organisms, relative to the concentrations present in terrestrial exposure media.  
Exposure-point concentrations of chemicals in terrestrial prey (soil invertebrates and small mammals) and 
terrestrial plants are estimated using BAFs derived from the literature.  The derivation of BAFs is 
described for organic and inorganic chemicals in the following subsections. 

2.4.1 Terrestrial Plants 

Exposure-point concentrations of chemicals in terrestrial plants are estimated using soil-to-plant 
bioaccumulation factors (uptake factors for plants, UFplant) derived from the literature.  UFplant values are 
used to estimate wet-weight chemical concentrations in terrestrial plants using the same equation for 
invertebrates and a dry weight to wet weight conversion factor assuming plants are 80% water (Salisbury 
and Ross 1992).  Tables F.2-11 (Area A) and F.3-11 (Area B) presents the uptake factors for plants. 

Organic Chemicals:  Organic chemicals may enter the plant by partitioning from contaminated soil to the 
roots and then translocating throughout the plant via the xylem tissue.  Most bioaccumulative, lipophilic 
organic chemicals partition to the epidermis of the root or adhere to soil particles and are not drawn into 
the inner root or xylem (Paterson et al. 1990).  Uptake factors for estimating concentrations of organic 
chemicals in plant tissues are derived from the following equation: 

)]Klog578.0(588.1[10 ow
plantUF ×−=  

where: 

UFplant   = Plant uptake factor (kg soil, dry weight / kg plant, dry weight) 

Log Kow   = Logarithm of the octanol:water partition coefficient 

This relationship is based on a linear regression of bioaccumulation factors for 29 organic chemicals 
(Travis and Arms 1988).  The correlation coefficient for the regression is 0.73, indicating that a majority 
of the variability in bioaccumulation is explained by the log Kow.  UFplant values are derived for organic 
chemicals using this equation. 

Inorganic Chemicals:  Concentrations of inorganic chemicals in plant tissues are estimated based on 
generalized soil-to-plant transfer coefficients reported in a literature review.  The soil-to-plant transfer 
factors for inorganic chemicals are equivalent to UFplant values for organic chemicals and represent the 
ratio of the dry weight concentrations in plant tissue to the dry weight concentration of the element in 
root-zone soils.  Bechtel-Jacobs 1998 Cp regression equation:  Cp = e(slope*ln(Cs) - intercept) 

2.4.2 Terrestrial Prey 

Organic Chemicals:  BAFs for estimating concentrations of organic chemicals in prey tissues are derived 
from linear regression equations presented in Travis and Arms (1998) and Beyer and Stafford (1993).  
The dry weight to wet weight (DW:WW) conversion factor is 0.2 for soil invertebrates (kg soil 
invertebrate dry weight per soil invertebrate wet weight; assumes invertebrates are 80% water), based on 
data reported in USEPA (1993).  No DW:WW conversion factor was applied for small mammals.  The 
BAF values used in to estimate concentrations of organic chemicals in soil invertebrates and small 
mammals are shown in Tables F.2-12 and F.2-13 (Area A) and F.3-12 and F.3-13 (Area B). 

Inorganic Chemicals:  Inorganic bioaccumulation factors for terrestrial prey (Tables F.2-13 and F.3-13) 
are wet-weight-based and are used to predict concentrations in invertebrates and small mammals 
according to: 

soilsisi CCBAF /=  
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where: 

BAFsi = Soil invertebrate uptake factor for inorganic chemicals 

Csi = Chemical concentration predicted in soil invertebrates (mg chemical / kg soil invertebrate, 
dry weight) 

Csoil = Concentration of inorganic chemical in soil (mg chemical / kg soil, dry weight) 

2.5 TOXICITY EQUIVALENCY FACTORS 

Dioxin/Furan COPCs represent a group of 17 polychlorinated dioxin/furan congeners of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD).  These congeners induce toxicity by binding to the aryl 
hydrocarbon (Ah) receptor, a cellular protein.  All congeners are not equally toxic relative to TCDD 
(USEPA 1999).  Therefore, the toxicity of each congener relative to TCDD is expressed in terms of a 
Toxicity Equivalency Factor (TEFs) established for mammals, birds, and fish (Van den Berg et. all 1998).  
The aggregate toxicity of a mixture of dioxins/furans in an exposure medium is expressed as TCDD-
equivalents (TEQ2,3,7,8 TCCD), which are calculated as the TEF-weighted sum of the average daily dose 
(ADDi) of the 17 congeners.  TEQ2,3,7,8 TCCD is calculated as follows: 

i
i

iTCDD TEFADDTEQ ×= ∑
=

17

1
8,7,3,2  

Determining the aggregate toxicity of the 17 dioxin/furan congeners in terms of TEQ2,3,7,8 TCCD enables 
direct comparison to toxicological benchmarks developed for 2,3,7,8 TCDD (USEPA 1999).  Therefore, 
NOAELs and LOAELs derived in the literature are used for direct evaluation of ecological effects 
resulting from TEQ2,3,7,8 TCCD exposure.   

Tables F.2-2 and F.3-2 present the total 2,3,7,8 TCDD TEQs calculated for Area A and B, respectively. 

3.0 DIRECT CONTACT APPROACH 
3.1 PRELIMINARY DIRECT CONTACT TOXICITY EVALUATION 

Risk is assessed by comparing the preliminary exposure estimate (maximum detected concetrations -
MDC) of each detected chemical to the established TRV (detailed in Section 2.1).  The preliminary risk is 
characterized in terms of a hazard quotient (HQ), which is expressed as: 

HQ = MDC/TRV 

where:   
HQ  = Hazard Quotient for the contaminant (unitless) 

 MDC  = Maximum Detected Concentration for contaminant (mg/kg) 
 TRV = Screening Level for contaminant (mg/kg) 

3.2 REFINED DIRECT CONTACT TOXICITY EVALUATION 

For the refined evaluation, risk is assessed by comparing the exposure point concentration (EPC) of each 
detected chemical to the TRV (Section 7.1.6 details EPC development).  The refined risk HQ is expressed 
as: 

HQ = EPC/TRV 

where:   
HQ  = Hazard Quotient for the contaminant (unitless) 

 EPC  = Calculated Exposure Point Concentration for contaminant (mg/kg) 
 TRV = Screening Level for contaminant (mg/kg) 
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An HQ of less than 1 indicates no or negligible risk.  The potential for risk increases as the HQ increases 
above unity.  However, this result should be considered in the context of other characteristics of the 
exposure area.   

Results of the direct contact toxicity evaluation for Area A are presented in Tables F.2-6 (terrestrial 
plants) and F.2-8 (soil and microbial communities) and Area B results are presented in Tables F.3-6 
(terrestrial plants) and F.3-8 (soil and microbial communities). 

4.0 DOSE RATE MODELING APPROACH 
A simplified food web model is utilized to calculate TRVs for each chemical and wildlife receptor.  TRVs 
quantify COPC concentrations in exposure media that may result in no observable adverse effects or low 
observable adverse effects.  The NOAEL corresponds to the greatest exposure associated with no 
observed adverse effects on growth, reproduction, or survival.  The LOAEL corresponds to the smallest 
exposure associated with observed adverse effects on growth, reproduction or survival.  TRVs developed 
by dose rate models are used to evaluate ecological effects associated with COPEC concentrations in 
exposure media.  

4.1 PRELIMINARY DOSE RATE MODEL 

Preliminary risk characterization for wildlife receptors uses the conservative preliminary exposure 
estimate and ecological effects evaluation to characterize risk to potential terrestrial receptors.  

The simplified food web model considers the ingestion of prey, the incidental ingestion of media, and the 
primary routes of exposure to wildlife receptors.  Chemical concentrations in prey are expressed as a 
function of chemical concentrations in exposure media using BAFs for terrestrial prey items.  Other 
important parameters in the model include receptor body weight and an estimate of receptor use.  As 
shown in the equation below, literature-derived NOAEL and LOAEL values are input into the model as 
the ADD variable to calculate the concentration in exposure media (CTRV) that would result in a dose 
equivalent to a NOAEL or LOAEL. 

AFIRDFBAFIR
BWADD

C
sfoodfood

TRV ))(( +⋅
⋅

=  

where: 

CTRV = NOAEL or LOAEL-based screening level (mg chemical/kg soil) 

ADD = NOAEL or LOAEL (mg COPC/kg body weight-day) 

BW = Minimum Body Weight of the receptor (kg) 

IRfood = Maximum Ingestion Rate of food (kg food ingested per day, dry weight) 

BAFfood = BAF of most contaminated dietary component used, specific to prey type and COPC (ratio 
of mg of COPC/kg fauna, wet weight to mg COPC/ kg substrate, dry weight) 

DF = Dietary Fraction (most contaminated dietary component assumed to be 100% of diet) 

IRs = Maximum Incidental Ingestion Rate of soil (kg substrate ingested per day, dry weight) 

AF = 100% Area Use Factor 

Preliminary receptor parameters for Area A and Area B are presented on Tables F.2-9 and F.3-9, 
respectively.  The resulting risk is characterized in terms of an HQ and is presented for wildlife receptors in 
Appendix F.2 and summarized in Table F.2-24 for Area A and Appendix F.3 and summarized in Table F.3-
24 for Area B. 
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4.2 REFINED EXPOSURE ESTIMATE AND RISK CHARACTERIZATION 

The refined exposure and risk characterization, Step 3a of the ecological risk assessment guidance 
(ERAGS), reviews and refines the conservative assumptions used in the risk calculation (USEPA 1997).  
In Step 3a, conservative assumptions used in the preliminary exposure and risk characterization are 
replaced with more environmentally realistic assumptions to evaluate risk posed by COPECs identified in 
the preliminary risk characterization.  The addition of Step 3a focuses the outcome of the ecological 
screening, streamlines the review process and functions as the initial basis for ecological risk management 
decision-making at each site. 

4.3 REFINED DOSE RATE MODEL 

This step replaces the conservative assumptions used in the preliminary exposure estimate and ecological 
effects evaluation with more environmentally realistic assumptions including the use of average body 
weight, average food and substrate ingestion rates, and the use of realistic area use factor, resulting in a 
more realistic estimate of potential risk. 

AFIRDFBAFIR
BWADD

C
sfoodfood

TRV ))(( +⋅

⋅
=

∑
 

where: 

CTRV = NOAEL or LOAEL-based screening level (mg chemical/kg soil) 

ADD = NOAEL or LOAEL (mg COPC/kg body weight-day) 

BW = Average Body Weight of the receptor (kg) 

IRfood = Average Ingestion Rate of food (kg food ingested per day, dry weight) 

BAFfood = BAF of dietary component used, specific to prey type and COPC (ratio of mg of COPC/kg 
fauna, wet weight to mg COPC/ kg substrate, dry weight) 

DF = Dietary Fraction 

IRs = Average Incidental Ingestion Rate of soil (kg substrate ingested per day, dry weight) 

AFrefined = Refined Area Use Factor (detailed below) 

In the refined model, a realistic area use factor (AFrefined) was used to calculate the ratio of the site area to 
the average home range of the receptor: 

AFrefined = Site Area/Home Range Area 

Other receptor parameters in the refined model remain conservative.  The conservative assumptions are 
summarized as follows: 

• Receptors assimilate 100% of COPECs detected in the food and soil; and  

• Receptors forage in the site area 100% of the time. 

Refined receptor parameters for Area A and Area B are presented on Tables F.2-9 and F.3-9, respectively.  
The resulting risk is characterized in terms of an HQ and is presented for wildlife receptors in Appendix F.2 
and summarized in Table F.2-24 for Area A and Appendix F.3 and summarized in Table F.3-24 for Area B. 

4.4 EXAMPLE CTRV EQUATION CALCULATION – PRELIMINARY AND REFINED 

The following example CTRV equation details the arsenic NOAEL-based screening level (SL) calculated 
for the short-tailed shrew at Area A (Table F.2-16 and F.2-17) and resulting HQs: 
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Preliminary 

• ADD  = 0.15 mg/kg bw-day (NOAEL) 
• BW  = 0.0125 kg (minimum body weight) 
• IRfood  = 0.003 kg dw/day (maximum ingestion rate) 
• BAFfood = 1.1 (for the most contaminated dietary component in this case plant) 
• DF  = 1 (100% most contaminated dietary component in this case 100% plants) 
• IRsoil  = 0.00039 kg dw/day (maximum soil ingestion rate) 
• AF  = 1 (default used) 
 

AFIRDFBAFIR
BWADD

C
sfoodfood

TRV ))(( +⋅
⋅

=
1)00039.0)11.1(003.0(

0125.015.0
⋅+⋅

⋅
= = 5.1E-01 mg/kg 

NOAEL HQ = MDC (mg/kg)/NOAEL-based SL (mg/kg) = 
011.5

5.2
−E

 = 4.9E+00 

EPC NOAEL HQ = NOAEL HQ * (EPC (mg/kg) / MDC (mg/kg)) = 4.9E+00*(
5.2

49.1
) = 2.9E+00 

Refined 

• ADD  = 0.15 mg/kg bw-day 
• BW  = 0.015 kg 
• IRfood  = 0.002 kg dw/day 
• BAFplant   = 0.038 
• BAFinv     = 0.215 
• DFplant  = 0.14 
• DFinv  = 0.86 
• IRsoil  = 0.00026 kg dw/day 
• AFrefined = 1 
 

AFIRDFBAFIR
BWADDC

sfoodfood
TRV

food ))(( +⋅
⋅

=
∑

 

         
1)00026.0)86.0215.014.0038.0(002.0(

015.015.0
⋅+⋅+⋅

⋅
= = 3.5+00 mg/kg 

NOAEL HQ = EPC (mg/kg)/NOAEL-based SL (mg/kg) = 
005.3

49.1
+E

 = 4.2E-01 

Tables F.2-24 and F.3-24 provides a summary of preliminary and refined HQs developed for terrestrial 
receptors at Area A and B, respectively.   

5.0 SUMMARY 
Receptor-specific exposure parameters are obtained from life history studies found in the literature.  
Important receptor-specific exposure parameters input into the model include:  body weight, food 
ingestion rate, diet composition, incidental substrate ingestion rate, and area use factor. 

The dose-response relationships for chemicals of potential interest are expressed as NOAELs and 
LOAELs for wildlife receptors, which are defined as a daily ingested amount (mg COPC/kg body weight-
day) that is associated with a specified growth, reproductive, developmental, or survival effect.  
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Extrapolation and uncertainty factors are applied to literature-based toxicological endpoints to account for 
differences in a controlled laboratory setting and an ecologically relevant setting.  Extrapolation and 
uncertainty factors are based on: (1) the duration of exposure, (2) the endpoint measured, and (3) 
differences in body weights among test and receptor species. 

Bioaccumulation accumulation factors provide quantitative indicators of the tendency for a chemical to 
partition into organisms, relative to the concentrations present in exposure media.  Exposure-point 
concentrations of chemicals in terrestrial prey (soil invertebrates and small mammals) are estimated using 
several BAFs derived from the literature.   

COPC concentrations in prey and media, receptor-specific exposure parameters, literature-based NOAEL 
and LOAEL values, and bioaccumulation factors are used in the model to calculate the concentration in 
exposure media (CTRV) that would result in a dose equivalent to a NOAEL or LOAEL.  The dose rate 
modeling approach is used to evaluate the potential mobility of COPCs through varying trophic 
associations.   
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Table F.2-1
SLERA Occurence/Distribution - Area A Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS #

Minimum 
Concentration 

(mg/kg)

Maximum 
Concentration 

(mg/kg) Units

Location of 
Maximum 

Concentration
Detection 
Frequency Range of Detection Limits

TAL Metals
Aluminum 7429-90-5 6,620 19,400 mg/kg 54SB23A (C) 25/25 2.4 - 6.8
Antimony 7440-36-0 0.04 0.76 mg/kg 54SB34A (D) 13/22 0.0386 - 0.43
Arsenic 7440-38-2 0.67 2.5 mg/kg 54SB31A 25/25 0.058 - 0.36
Barium 7440-39-3 84.9 206 mg/kg 54SB38A (D) 25/25 0.02 - 0.103
Beryllium 7440-41-7 0.21 1 mg/kg 54SB38A (D) 25/25 0.01 - 0.0267
Cadmium 7440-43-9 0.1 1.6 mg/kg 54SB57A (E) 6/25 0.03 - 0.25
Calcium 7440-70-2 1,020 21,500 mg/kg 54SB21A 25/25 1 - 17.5
Chromium 7440-47-3 12 29.5 mg/kg 54SB31A 25/25 0.07 - 0.998
Cobalt 7440-48-4 5.8 16 mg/kg 54SB57A (E) 25/25 0.07 - 0.233
Copper 7440-50-8 3.9 84.1 mg/kg 54SB34A (D) 25/25 0.15 - 0.516
Iron 7439-89-6 13,700 27,200 mg/kg 54SB25A 25/25 0.731 - 1.7
Lead 7439-92-1 6.4 528 mg/kg 54SB34A (D) 26/26 0.041 - 0.776
Magnesium 7439-95-4 1,880 5,000 mg/kg 54SB57A (E) 25/25 0.66 - 7.67
Manganese 7439-96-5 309 909 mg/kg 54SB38A (D) 25/25 0.02 - 0.474
Mercury 7439-97-6 0.017 0.31 mg/kg 54SB33A (B) 25/25 0.0077 - 0.021
Nickel 7440-02-0 8.4 13.5 mg/kg 54SB32A 25/25 0.0775 - 0.13
Potassium 7440-09-7 832 1,810 mg/kg 54SB57A (E) 25/25 4.3 - 14.9
Selenium 7782-49-2 0.057 2 mg/kg 54SB38A (D) 23/25 0.0486 - 0.41
Silver 7440-22-4 0.049 0.089 mg/kg 54SB57A (E) 3/25 0.0178 - 0.1
Sodium 7440-23-5 38 469 mg/kg 54SB38A (D) 21/25 27.1 - 36.4
Thallium 7440-28-0 0.12 0.2 mg/kg 54SB57A (E) 3/15 0.0733 - 0.64
Vanadium 7440-62-2 16 55.3 mg/kg 54SB23A (C) 25/25 0.07 - 0.401
Zinc 7440-66-6 43.2 337 mg/kg 54SB34A (D) 25/25 0.11 - 0.789
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 4.8E-03 4.8E-03 mg/kg 54SB57A (E) 1/14 0.0004 - 0.00335
4,4'-DDT 50-29-3 2.1E-03 2.6E-02 mg/kg 54SB57A (E) 3/14 0.00039 - 0.00312
alpha-Chlordane 5103-71-9 3.1E-03 3.1E-03 mg/kg 54SB57A (E) 1/14 0.00022 - 0.0026
delta-BHC 319-86-8 5.0E-04 5.0E-04 mg/kg 54SB30A 1/14 0.00015 - 0.00226
Endosulfan Sulfate 1031-07-8 1.8E-03 1.8E-03 mg/kg 54SB25A 1/14 0.0004 - 0.00311
Endrin aldehyde 7421-93-4 1.2E-03 1.2E-03 mg/kg 54SB30A 1/14 0.00035 - 0.00252
gamma-BHC (Lindane) 58-89-9 1.6E-03 1.6E-03 mg/kg 54SB30A 1/14 0.00022 - 0.00304
gamma-Chlordane 5103-74-2 1.0E-02 1.0E-02 mg/kg 54SB57A (E) 1/14 0.00035 - 0.00265
Heptachlor 76-44-8 1.1E-03 4.8E-03 mg/kg 54SB30A 2/14 0.00034 - 0.00285
Heptachlor epoxide 1024-57-3 1.1E-01 1.1E-01 mg/kg 54SB32A 1/14 0.00026 - 0.00401
Methoxychlor 72-43-5 6.3E-03 7.4E-03 mg/kg 54SB30A 2/14 0.0014 - 0.00541
Aroclor 1254 11097-69-1 2.8E-02 2.0E-01 mg/kg 54SB57A (E) 3/14 0.0068 - 0.009
Aroclor 1260 11096-82-5 7.8E-02 7.8E-02 mg/kg 54SB3A 1/14 0.005 - 0.0111
TCL SVOCs
2-Nitroaniline 88-74-4 5.5E-02 5.5E-02 mg/kg 54SB27A (D) 1/18 0.029 - 0.029
Bis(2-ethylhexyl)phthalate 117-81-7 6.1E-02 2.6E+00 mg/kg 54SB27A (D) 13/18 0.032 - 0.032
Di-n-butylphthalate 84-74-2 4.9E-02 8.0E-01 mg/kg 54SB27A (D) 6/18 0.38 - 0.42
Di-n-octylphthalate 117-84-0 5.7E-02 3.2E-01 mg/kg 54SB28A 7/18 0.38 - 0.42
Diethylphthalate 84-66-2 1.2E-01 6.8E-01 mg/kg 54SB32A 5/18 0.38 - 0.42
N-Nitrosodiphenylamine 86-30-6 6.6E-02 1.2E+00 mg/kg 54SB27A (D) 3/18 0.38 - 0.42
Dioxin/Furans
Total 2,3,7,8-TCDD TEQ (Mammalian) -- 3.8E-08 1.7E-05 mg/kg 54SB33A (B) 11/11 --
Total 2,3,7,8-TCDD TEQ (Avian) -- 1.3E-08 1.7E-05 mg/kg 54SB33A (B) 11/11 --
PAHs
Acenaphthene 83-32-9 3.3E-02 1.6E+00 mg/kg 54SB27A (D) 9/13 0.0058 - 0.051
Acenaphthylene 208-96-8 2.2E-02 1.1E+00 mg/kg 54SB27A (D) 5/18 0.0059 - 0.051
Benzo(a)anthracene 56-55-3 3.6E-03 4.9E-02 mg/kg 54SB30A 12/18 0.0022 - 0.01
Benzo(a)pyrene 50-32-8 3.4E-03 5.8E-02 mg/kg 54SB25A 7/18 0.0016 - 0.01
Benzo(b)fluoranthene 205-99-2 5.2E-03 1.1E-01 mg/kg 54SB27A (D) 9/18 0.0017 - 0.01
Benzo(g,h,i)perylene 191-24-2 1.1E-02 3.2E-02 mg/kg 54SB24A 4/18 0.0036 - 0.01
Benzo(k)fluoranthene 207-08-9 3.7E-03 5.7E-02 mg/kg 54SB25A 8/18 0.0014 - 0.01
Chrysene 218-01-9 4.5E-03 2.1E-01 mg/kg 54SB33A (B) 10/18 0.0024 - 0.01
Dibenz(a,h)anthracene 53-70-3 1.6E-02 3.6E-02 mg/kg 54SB24A 4/18 0.0042 - 0.01
Fluoranthene 206-44-0 4.8E-03 9.0E-02 mg/kg 54SB25A 15/18 0.0021 - 0.02
Indeno(1,2,3-cd)pyrene 193-39-5 1.4E-02 3.9E-01 mg/kg 54SB33A (B) 5/18 0.0025 - 0.01
Naphthalene 91-20-3 4.6E-02 9.4E+00 mg/kg 54SB30A 9/12 0.014 - 0.049
Phenanthrene 85-01-8 1.9E-02 1.2E-01 mg/kg 54SB30A 5/18 0.0085 - 0.051
Pyrene 129-00-0 1.3E-02 1.8E-01 mg/kg 54SB27A (D) 13/18 0.0043 - 0.02
Explosives
1,3,5-Trinitrobenzene 99-35-4 7.6E+00 7.6E+00 mg/kg 54SB27A (D) 1/17 0.079 - 0.246
2,4,6-Trinitrotoluene 118-96-7 4.3E-01 1.3E+02 mg/kg 54SB27A (D) 4/29 0.051 - 0.16
2,4-Dinitrotoluene 121-14-2 1.7E+01 1.7E+01 mg/kg 54SB27A (D) 1/29 0.073 - 0.12
2,6-Dinitrotoluene 606-20-2 1.1E+01 1.1E+01 mg/kg 54SB27A (D) 1/29 0.099 - 0.19
2-Amino-4,6-Dinitrotoluene 35572-78-2 1.7E-01 5.7E+00 mg/kg 54SB27A (D) 3/29 0.088 - 0.106
4-Amino-2,6-Dinitrotoluene 1946-51-0 7.6E-01 5.2E+00 mg/kg 54SB27A (D) 2/29 0.053 - 0.095
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 6.8E+00 6.8E+00 mg/kg 54SB27A (D) 1/29 0.1 - 0.208

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.2-1
SLERA Occurence/Distribution - Area A Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstracts Service (B) = Re-sampled; Pesticides and PCBs analyzed January 2007.
mg/kg = Milligram Per Kilogram (C) = Re-sampled; Pesticides, PCBs, and Dioxin/Furans analyzed January 2007.
TAL = Target Analyte List (D) = Re-sampled; Dioxin/Furans analyzed January 2007.
TCL = Target Compound List (E) = Re-sampled; PCBs and PCB Congeners analyzed January 2007.
PCB = Polychlorinated Biphenyl
VOC = Volatile Organic Compound Refer to Table 7-7 for Total 2,3,7,8-TCDD TEQ Calculations
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table F.2-5
Plant Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

TAL Metals
Aluminum 7429-90-5 50 ORNL-Plants
Antimony 7440-36-0 5 ORNL-Plants
Arsenic 7440-38-2 18 ECO SSL
Barium 7440-39-3 500 ORNL-Plants
Beryllium 7440-41-7 10 ORNL-Plants
Cadmium 7440-43-9 32 ECO SSL
Calcium 7440-70-2 4 ORNL-Plants
Chromium 7440-47-3 1 ORNL-Plants
Cobalt 7440-48-4 13 ECO SSL
Copper 7440-50-8 70 ECO SSL
Iron 7439-89-6 NV --
Lead 7439-92-1 120 ECO SSL
Magnesium 7439-95-4 NV --
Manganese 7439-96-5 500 ORNL-Plants
Mercury 7439-97-6 0.3 ORNL-Plants
Nickel 7440-02-0 38 ECO SSL
Potassium 7440-09-7 NV --
Selenium 7782-49-2 1 ORNL-Plants
Silver 7440-22-4 560 ECO SSL
Sodium 7440-23-5 NV --
Thallium 7440-28-0 1 ORNL-Plants
Vanadium 7440-62-2 2 ORNL-Plants
Zinc 7440-66-6 50 ORNL-Plants
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.1 BTAG - Flora
4,4'-DDT 50-29-3 0.1 BTAG - Flora
alpha-Chlordane [1] 5103-71-9 0.1 BTAG - Flora
delta-BHC 319-86-8 100 BTAG - Flora
Endosulfan Sulfate 1031-07-8 NV --
Endrin Aldehyde 7421-93-4 0.1 BTAG - Flora
gamma-BHC (Lindane) 58-89-9 0.1 BTAG - Flora
gamma-Chlordane [1] 5103-74-2 0.1 BTAG - Flora
Heptachlor 76-44-8 0.1 BTAG - Flora
Heptachlor epoxide 1024-57-3 0.1 BTAG - Flora
Methoxychlor 72-43-5 0.1 BTAG - Flora
Aroclor 1254 11097-69-1 NV --
Aroclor 1260 11096-82-5 NV --
TCL SVOCs
2-Nitroaniline 88-74-4 NV --
Bis(2-ethylhexyl)phthalate 117-81-7 NV --
Di-n-butylphthalate 84-74-2 200 ORNL-Plants
Di-n-octylphthalate 117-84-0 NV --
Diethylphthalate 84-66-2 NV --
N-Nitrosodiphenylamine 86-30-6 NV --

Chemical CAS #
Screening Level

(mg/kg) Source

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.2-5
Plant Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS #
Screening Level

(mg/kg) Source
PAHs
Acenaphthene 83-32-9 0.1 BTAG - Flora
Acenaphthylene 208-96-8 0.1 BTAG - Flora
Benzo(a)anthracene 56-55-3 0.1 BTAG - Flora
Benzo(a)pyrene 50-32-8 0.1 BTAG - Flora
Benzo(b)fluoranthene 205-99-2 0.1 BTAG - Flora
Benzo(g,h,i)perylene 191-24-2 0.1 BTAG - Flora
Benzo(k)fluoranthene 207-08-9 0.1 BTAG - Flora
Chrysene 218-01-9 0.1 BTAG - Flora
Dibenz(a,h)anthracene 53-70-3 0.1 BTAG - Flora
Fluoranthene 206-44-0 0.1 BTAG - Flora
Indeno(1,2,3-cd)pyrene 193-39-5 0.1 BTAG - Flora
Naphthalene 91-20-3 0.1 BTAG - Flora
Phenanthrene 85-01-8 0.1 BTAG - Flora
Pyrene 129-00-0 0.1 BTAG - Flora
Explosives
1,3,5-Trinitrobenzene 99-35-4 8.6 Kuperman 2003
2,4,6-Trinitrotoluene 118-96-7 2.4 Best et al. 2004
2,4-Dinitrotoluene 121-14-2 5.3 Kuperman 2003
2,6-Dinitrotoluene 606-20-2 4.5 Kuperman 2003
2-Amino-4,6-Dinitrotoluene 355-72-78-2 80 Pennington 1988
4-Amino-2,6-Dinitrotoluene 1946-51-0 80 Pennington 1988
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 NV --

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
NV = No Value Available
USEPA Eco SSL - Soil Invertebrates, Plants, Avian, Mammalian (http://www.epa.gov/ecotox/ecossl)
ORNL - Plants - Toxilogical Benchmarks for Screening Contaminants of Potential Concern for 

 Effects on Terrestrial Plants: 1997 Revision Efroymson et al.)
BTAG - Flora - (Region III Biological Technical Assistance Group - Draft Screening Levels - 1995)
[1] = Chlordane BTAG Screening Level Used
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon
Best, E.P.H., H.E. Tatem, K.N. Geter, M.L. Wells and B.K. Lane.  2004.  Toxicity and Metabolites of 2,4,6

Trinitrotoluene (TNT) in Plants and Worms from Exposure to Aged Soil.  U.S. Army Corps of Engineers,
Engineer Research and Development Center.  ERDC/EL TR-04-18.

Kuperman. R. 2003.  Development of Ecological Toxicity and Biomagnification Data for Explosives Contaminants
in Soil.  U.S. Army Edgewood Chemical Biological Center.  Final Techinical Report.  Project CU-1221.

Pennington, Judith C.  1988.  Plant Uptake of 2,4,6-Trinitrotoluene, 4-Amino-2,6-Dinitrotoluene, and 
2-Amino-4,6-Dinitrotoluene Using 14C-Labeled and Unlabeled Compounds.  ADA203690.
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Table F.2-6
Plant Screening - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Inorganics
Aluminum 7429-90-5 19,400 50 3.9E+02 12,632 2.5E+02
Antimony 7440-36-0 0.76 5 1.5E-01 NC NC
Arsenic 7440-38-2 2.5 18 1.4E-01 NC NC
Barium 7440-39-3 206 500 4.1E-01 NC NC
Beryllium 7440-41-7 1 10 1.0E-01 NC NC
Cadmium 7440-43-9 1.6 32 5.0E-02 NC NC
Calcium 7440-70-2 21,500 4 5.4E+03 6,615 1.7E+03
Chromium 7440-47-3 29.5 1 3.0E+01 20.5 2.1E+01
Cobalt 7440-48-4 16 13 1.2E+00 8.9 6.8E-01
Copper 7440-50-8 84.1 70 1.2E+00 20.1 2.9E-01
Iron 7439-89-6 27,200 NV NC NC NC
Lead 7439-92-1 528 120 4.4E+00 110.7 9.2E-01
Magnesium 7439-95-4 5,000 NV NC NC NC
Manganese 7439-96-5 909 500 1.8E+00 599 1.2E+00
Mercury 7439-97-6 0.31 0.3 1.0E+00 0.122 4.1E-01
Nickel 7440-02-0 13.5 38 3.6E-01 NC NC
Potassium 7440-09-7 1,810 NV NC NC NC
Selenium 7782-49-2 2 1 2.0E+00 1.134 1.1E+00
Silver 7440-22-4 0.89 560 1.6E-03 NC NC
Sodium 7440-23-5 469 NV NC NC NC
Thallium 7440-28-0 0.2 1 2.0E-01 NC NC
Vanadium 7440-62-2 55.3 2 2.8E+01 32.03 1.6E+01
Zinc 7440-66-6 337 50 6.7E+00 145.7 2.9E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.0048 0.1 4.8E-02 NC NC
4,4'-DDT 50-29-3 0.026 0.1 2.6E-01 NC NC
alpha-Chlordane 5103-71-9 0.0031 0.1 3.1E-02 NC NC
delta-BHC 319-86-8 0.0005 100 5.0E-06 NC NC
Endosulfan Sulfate 1031-07-8 0.0018 NV NC NC NC
Endrin Aldehyde 7421-93-4 0.0012 0.1 1.2E-02 NC NC
gamma-BHC (Lindane) 58-89-9 0.0016 0.1 1.6E-02 NC NC
gamma-Chlordane 5103-74-2 0.01 0.1 1.0E-01 NC NC
Heptachlor 76-44-8 0.0048 0.1 4.8E-02 NC NC
Heptachlor epoxide 1024-57-3 0.11 0.1 1.1E+00 0.023 2.3E-01
Methoxychlor 72-43-5 0.0074 0.1 7.4E-02 NC NC
Aroclor 1254 11097-69-1 0.2 NV NC NC NC
Aroclor 1260 11096-82-5 0.078 NV NC NC NC
TCL SVOCs
2-Nitroaniline 88-74-4 0.055 NV NC NC NC
Bis(2-ethylhexyl)phthalate 117-81-7 2.6 NV NC NC NC
Di-n-butylphthalate 84-74-2 0.8 200 4.0E-03 NC NC
Di-n-octylphthalate 117-84-0 0.32 NV NC NC NC
Diethylphthalate 84-66-2 0.68 NV NC NC NC
N-Nitrosodiphenylamine 86-30-6 1.2 NV NC NC NC
PAHs
Acenaphthene 83-32-9 1.6 0.1 1.6E+01 0.51 5.1E+00
Acenaphthylene 208-96-8 1.1 0.1 1.1E+01 0.211 2.1E+00
Benzo(a)anthracene 56-55-3 0.049 0.1 4.9E-01 NC NC
Benzo(a)pyrene 50-32-8 0.058 0.1 5.8E-01 NC NC
Benzo(b)fluoranthene 205-99-2 0.11 0.1 1.1E+00 0.0266 2.7E-01
Benzo(g,h,i)perylene 191-24-2 0.032 0.1 3.2E-01 NC NC
Benzo(k)fluoranthene 207-08-9 0.057 0.1 5.7E-01 NC NC
Chrysene 218-01-9 0.21 0.1 2.1E+00 0.0475 4.8E-01
Dibenz(a,h)anthracene 53-70-3 0.036 0.1 3.6E-01 NC NC
Fluoranthene 206-44-0 0.09 0.1 9.0E-01 NC NC
Indeno(1,2,3-cd)pyrene 193-39-5 0.39 0.1 3.9E+00 0.082 8.2E-01
Naphthalene 91-20-3 9.4 0.1 9.4E+01 7.32 7.3E+01
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Table F.2-6
Plant Screening - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Phenanthrene 85-01-8 0.12 0.1 1.2E+00 0.0362 3.6E-01
Pyrene 129-00-0 0.18 0.1 1.8E+00 0.0554 5.5E-01
Explosives
1,3,5-Trinitrobenzene 99-35-4 7.6 8.6 8.8E-01 NC NC
2,4,6-Trinitrotoluene 118-96-7 130 2.4 5.4E+01 13.6 5.7E+00
2,4-Dinitrotoluene 121-14-2 17 5.3 3.2E+00 1.65 3.1E-01
2,6-Dinitrotoluene 606-20-2 11 4.5 2.4E+00 1.13 2.5E-01
2-Amino-4,6-Dinitrotoluene 355-72-78-2 5.7 80 7.1E-02 NC NC
4-Amino-2,6-Dinitrotoluene 1946-51-0 5.2 80 6.5E-02 NC NC
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 6.8 NV NC NC NC

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
VOC = Volatile Organic Compound
NV = No Value Available
NC = Not Calculated
Hazard Quotient = Soil Concentration/Screening Level
EPC = Exposure Point Concentration
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Table F.2-7
Invertebrate and Microbial Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

TAL Metals
Aluminum 7429-90-5 NV --
Antimony 7440-36-0 78 ECO SSL
Arsenic 7440-38-2 60 ORNL-Earthworm
Barium 7440-39-3 330 ECO SSL
Beryllium 7440-41-7 40 ECO SSL
Cadmium 7440-43-9 140 ECO SSL
Calcium 7440-70-2 NV --
Chromium 7440-47-3 0.4 ORNL-Earthworm
Cobalt 7440-48-4 200 BTAG - Fauna
Copper 7440-50-8 80 ECO SSL
Iron 7439-89-6 200 ORNL - Microbial
Lead 7439-92-1 1,700 ECO SSL
Magnesium 7439-95-4 NV --
Manganese 7439-96-5 100 ORNL - Microbial
Mercury 7439-97-6 0.1 ORNL-Earthworm
Nickel 7440-02-0 280 ECO SSL
Potassium 7440-09-7 NV --
Selenium 7782-49-2 70 ORNL-Earthworm
Silver 7440-22-4 50 ORNL - Microbial
Sodium 7440-23-5 NV --
Thallium 7440-28-0 NV --
Vanadium 7440-62-2 20 ORNL - Microbial
Zinc 7440-66-6 100 ORNL-Earthworm
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.1 BTAG - Fauna
4,4'-DDT 50-29-3 0.1 BTAG - Fauna
alpha-Chlordane [1] 5103-71-9 0.1 BTAG - Fauna
delta-BHC 319-86-8 NV --
Endosulfan Sulfate 1031-07-8 NV --
Endrin Aldehyde 7421-93-4 0.1 BTAG - Fauna
gamma-BHC (Lindane) 58-89-9 0.1 BTAG - Fauna
gamma-Chlordane [1] 5103-74-2 0.1 BTAG - Fauna
Heptachlor 76-44-8 0.1 BTAG - Fauna
Heptachlor epoxide 1024-57-3 0.1 BTAG - Fauna
Methoxychlor 72-43-5 0.1 BTAG - Fauna
Aroclor 1254 11097-69-1 NV --
Aroclor 1260 11096-82-5 NV --
TCL SVOCs
2-Nitroaniline 88-74-4 NV --
Bis(2-ethylhexyl)phthalate 117-81-7 NV --
Di-n-butylphthalate 84-74-2 NV --
Di-n-octylphthalate 117-84-0 NV --
Diethylphthalate 84-66-2 NV --
N-Nitrosodiphenylamine 86-30-6 NV --

Chemical CAS #
Screening Level

(mg/kg) Source
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Table F.2-7
Invertebrate and Microbial Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS #
Screening Level

(mg/kg) Source
PAHs
Acenaphthene 83-32-9 0.1 BTAG - Fauna
Acenaphthylene 208-96-8 0.1 BTAG - Fauna
Benzo(a)anthracene 56-55-3 0.1 BTAG - Fauna
Benzo(a)pyrene 50-32-8 NV --
Benzo(b)fluoranthene 205-99-2 0.1 BTAG - Fauna
Benzo(g,h,i)perylene 191-24-2 0.1 BTAG - Fauna
Benzo(k)fluoranthene 207-08-9 0.1 BTAG - Fauna
Chrysene 218-01-9 0.1 BTAG - Fauna
Dibenz(a,h)anthracene 53-70-3 0.1 BTAG - Fauna
Fluoranthene 206-44-0 0.1 BTAG - Fauna
Indeno(1,2,3-cd)pyrene 193-39-5 0.1 BTAG - Fauna
Naphthalene 91-20-3 0.1 BTAG - Fauna
Phenanthrene 85-01-8 0.1 BTAG - Fauna
Pyrene 129-00-0 0.1 BTAG - Fauna
Explosives
1,3,5-Trinitrobenzene 99-35-4 18.1 Kuperman 2003
2,4,6-Trinitrotoluene 118-96-7 1.2 Best et al. 2004
2,4-Dinitrotoluene 121-14-2 19.8 Kuperman 2003
2,6-Dinitrotoluene 606-20-2 6.9 Kuperman 2003
2-Amino-4,6-Dinitrotoluene 355-72-78-2 NV --
4-Amino-2,6-Dinitrotoluene 1946-51-0 NV --
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 6.3 Kuperman 2003

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
NV = No Value Available
USEPA Eco SSL - Soil Invertebrates, Plants, Avian, Mammalian (http://www.epa.gov/ecotox/ecossl)
ORNL - Earthworms - (Toxilogical Benchmarks for Contaminants of Potential Concern for Effects on 

Soil and Litter Invertebrates and Heterotrophic Process:  1997 Revision, Efroymson et al.)
ORNL - Microbial Processes - (Toxilogical Benchmarks for Contaminants of Potential Concern

for Effects on Soil and Litter Invertebrates and Heterotrophic Process:  1997 Revision, Efroymson et al.)
BTAG - Fauna - (Region III Biological Technical Assistance Group - Draft Screening Levels - 1995)
[1] = Chlordane BTAG Screening Level Used
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon
Best, E.P.H., H.E. Tatem, K.N. Geter, M.L. Wells and B.K. Lane.  2004.  Toxicity and Metabolites of 2,4,6

Trinitrotoluene (TNT) in Plants and Worms from Exposure to Aged Soil.  U.S. Army Corps of Engineers,
Engineer Research and Development Center.  ERDC/EL TR-04-18.

Kuperman. R. 2003.  Development of Ecological Toxicity and Biomagnification Data for Explosives Contaminants
in Soil.  U.S. Army Edgewood Chemical Biological Center.  Final Techinical Report.  Project CU-1221.
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Table F.2-8
Invertebrate and Microbial Screening - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Inorganics
Aluminum 7429-90-5 19,400 NV NC NC NC
Antimony 7440-36-0 0.76 78 9.7E-03 NC NC
Arsenic 7440-38-2 2.5 60 4.2E-02 NC NC
Barium 7440-39-3 206 330 6.2E-01 NC NC
Beryllium 7440-41-7 1 40 2.5E-02 NC NC
Cadmium 7440-43-9 1.6 140 1.1E-02 NC NC
Calcium 7440-70-2 21,500 NV NC NC NC
Chromium 7440-47-3 29.5 0.4 7.4E+01 20.5 5.1E+01
Cobalt 7440-48-4 16 200 8.0E-02 NC NC
Copper 7440-50-8 84.1 80 1.1E+00 20.1 2.5E-01
Iron 7439-89-6 27,200 200 1.4E+02 20,416 1.0E+02
Lead 7439-92-1 528 1,700 3.1E-01 NC NC
Magnesium 7439-95-4 5,000 NV NC NC NC
Manganese 7439-96-5 909 100 9.1E+00 599 6.0E+00
Mercury 7439-97-6 0.31 0.1 3.1E+00 0.122 1.2E+00
Nickel 7440-02-0 13.5 280 4.8E-02 NC NC
Potassium 7440-09-7 1,810 NV NC NC NC
Selenium 7782-49-2 2 70 2.9E-02 NC NC
Silver 7440-22-4 0.89 50 1.8E-02 NC NC
Sodium 7440-23-5 469 NV NC NC NC
Thallium 7440-28-0 0.2 NV NC NC NC
Vanadium 7440-62-2 55.3 20 2.8E+00 32.03 1.6E+00
Zinc 7440-66-6 337 100 3.4E+00 145.7 1.5E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.0048 0.1 4.8E-02 NC NC
4,4'-DDT 50-29-3 0.026 0.1 2.6E-01 NC NC
alpha-Chlordane 5103-71-9 0.0031 0.1 3.1E-02 NC NC
delta-BHC 319-86-8 0.0005 NV NC NC NC
Endosulfan Sulfate 1031-07-8 0.0018 NV NC NC NC
Endrin Aldehyde 7421-93-4 0.0012 0.1 1.2E-02 NC NC
gamma-BHC (Lindane) 58-89-9 0.0016 0.1 1.6E-02 NC NC
gamma-Chlordane 5103-74-2 0.01 0.1 1.0E-01 NC NC
Heptachlor 76-44-8 0.0048 0.1 4.8E-02 NC NC
Heptachlor epoxide 1024-57-3 0.11 0.1 1.1E+00 0.023 2.3E-01
Methoxychlor 72-43-5 0.0074 0.1 7.4E-02 NC NC
Aroclor 1254 11097-69-1 0.2 NV NC NC NC
Aroclor 1260 11096-82-5 0.078 NV NC NC NC
TCL SVOCs
2-Nitroaniline 88-74-4 0.055 NV NC NC NC
Bis(2-ethylhexyl)phthalate 117-81-7 2.6 NV NC NC NC
Di-n-butylphthalate 84-74-2 0.8 NV NC NC NC
Di-n-octylphthalate 117-84-0 0.32 NV NC NC NC
Diethylphthalate 84-66-2 0.68 NV NC NC NC
N-Nitrosodiphenylamine 86-30-6 1.2 NV NC NC NC
PAHs
Acenaphthene 83-32-9 1.6 0.1 1.6E+01 0.51 5.1E+00
Acenaphthylene 208-96-8 1.1 0.1 1.1E+01 0.211 2.1E+00
Benzo(a)anthracene 56-55-3 0.049 0.1 4.9E-01 NC NC
Benzo(a)pyrene 50-32-8 0.058 NV NC NC NC
Benzo(b)fluoranthene 205-99-2 0.11 0.1 1.1E+00 0.0266 2.7E-01
Benzo(g,h,i)perylene 191-24-2 0.032 0.1 3.2E-01 NC NC
Benzo(k)fluoranthene 207-08-9 0.057 0.1 5.7E-01 NC NC
Chrysene 218-01-9 0.21 0.1 2.1E+00 0.0475 4.8E-01
Dibenz(a,h)anthracene 53-70-3 0.036 0.1 3.6E-01 NC NC
Fluoranthene 206-44-0 0.09 0.1 9.0E-01 NC NC
Indeno(1,2,3-cd)pyrene 193-39-5 0.39 0.1 3.9E+00 0.082 8.2E-01
Naphthalene 91-20-3 9.4 0.1 9.4E+01 7.32 7.3E+01
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Table F.2-8
Invertebrate and Microbial Screening - Soil

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Phenanthrene 85-01-8 0.12 0.1 1.2E+00 0.0362 3.6E-01
Pyrene 129-00-0 0.18 0.1 1.8E+00 0.0554 5.5E-01
Explosives
1,3,5-Trinitrobenzene 99-35-4 7.6 18.1 4.2E-01 NC NC
2,4,6-Trinitrotoluene 118-96-7 130 1.2 1.1E+02 13.6 1.1E+01
2,4-Dinitrotoluene 121-14-2 17 19.8 8.6E-01 NC NC
2,6-Dinitrotoluene 606-20-2 11 6.9 1.6E+00 1.13 1.6E-01
2-Amino-4,6-Dinitrotoluene 355-72-78-2 5.7 NV NC NC NC
4-Amino-2,6-Dinitrotoluene 1946-51-0 5.2 NV NC NC NC
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 6.8 6.3 1.1E+00 0.71 1.1E-01

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
VOC = Volatile Organic Compound
NV = No Value Available
NC = Not Calculated
Hazard Quotient = Soil Concentration/Screening Level
EPC = Exposure Point Concentration
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Table F.2-9
Wildlife Profiles

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Minimum Body 
Weight 1

Maximum 
Body Weight 1

Maximum Food 
Ingestion Rate2

Average Body 
Weight 1

Average Food 
Ingestion Rate 2

Average Substrate 
Ingestion Rate 1

AUFs

Food-web 
Classification

Common
Name

Scientific
Name

Plants (incl. 
fungi)

Inverte-
brates

Small 
mammals Fish kg kg kg dw/day % of dry 

intake
kg dry 
wt./day kg kg dw/day kg dry wt./day Study Area (0.67) 

hectares

Birds

soil-probing invertivore American 
robin Turdus migratorius 62% 38% 0.0635 0.103 0.020 5% 0.001 0.077 0.016 0.0008 0.48 1 1.00

large carnivore Red-tailed 
hawk Buteo jamaicensis 100% 0.957 1.235 0.063 0% 0 1.134 0.059 0 250 1 0.0027

Mammals

small herbivore Meadow vole Microtus 
pennsylvanicus 100% 0.017 0.0524 0.010 2.4% 0.00024 0.037 0.008 0.00019 0.037 1 1

medium carnivore Red fox Vulpes vulpes 17% 4% 79% 2.95 7.04 0.342 2.8% 0.0096 4.53 0.238 0.0067 96 1 0.0070

small invertivore Short-tailed 
shrew Blarina brevicauda 14% 86% 0.0125 0.0225 0.003 13% 0.00039 0.015 0.002 0.00026 0.39 1 1.00

Notes:
kg = Kilogram
kg dw/day = Kilogram Dry-weight per Day
L/day = Liter per Day

1Wildlife Exposure Factors Handbook. U.S. Environmental Protection Agency (EPA). 1993.  Office of Research and Development. 2 Volumes.  EPA/600/R93/187a&b. December.
2 Estimated food intake rate (kg [dw]/day) calculated as follows:

FI ((kg/day) = 0.0687 Wt.0.882 for mammals (red fox and short-tailed shrew)
FI ((g/day) = 0.577 Wt.0.727 for herbivores (meadow vole)
FI ((g/day) = 0.301 Wt.0.751 for non-passerine birds (red-tailed hawk)
FI ((g/day) = 0.398 Wt.0.850 for passerine birds (american robin)

3Estimating Exposure to Terrestrial Wildlife to Contaminants. Sample and Sutter. 1994. ES/ER/TM-125.
The soil ingestion rate for the american robin set equal to 38% of the american woodcock value (0.34*10.4%=4%), based on a robin diet of 38% invertbrates.

Representative Species

Preliminary Assessment

Proportion of 
Year Species 

Active

Composition of Diet 1 (%)
Home Range 

(ha)

Maximum Substrate 
Ingestion Rate 3

Refined Assessment
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Table F.2-10
Wildlife TRVs

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Arsenic 7440-38-2 12.84 5.14 mallard duck ORNL 1996 1.26 0.126 mouse 0.03 ORNL 1996 1.28E+01 5.14E+00 1.28E+01 5.14E+00 1.20E+00 1.20E-01 3.59E-01 3.59E-02 1.50E+00 1.50E-01
Cadmium 7440-43-9 20 1.45 mallard duck ORNL 1996 10 1 rat 0.3 ORNL 1996 2.00E+01 1.45E+00 2.00E+01 1.45E+00 1.69E+01 1.69E+00 5.07E+00 5.07E-01 2.11E+01 2.11E+00
Chromium 7440-47-3 5 1 black duck ORNL 1996 32.8 3.28 rat 0.35 ORNL 1996 5.00E+00 1.00E+00 5.00E+00 1.00E+00 5.75E+01 5.75E+00 1.73E+01 1.73E+00 7.21E+01 7.21E+00
Copper 7440-50-8 61.7 47 1 day old chicks ORNL 1996 15.4 11.7 mink 1 ORNL 1996 6.17E+01 4.70E+01 6.17E+01 4.70E+01 3.51E+01 2.67E+01 1.06E+01 8.02E+00 4.40E+01 3.34E+01
Lead 7439-92-1 11.3 1.13 Japanese quail ORNL 1996 80 8 rat 0.35 ORNL 1996 1.13E+01 1.13E+00 1.13E+01 1.13E+00 1.40E+02 1.40E+01 4.22E+01 4.22E+00 1.76E+02 1.76E+01
Mercury 7439-97-6 0.9 0.45 Japanese Quail ORNL 1996 132 13.2 mink 1 ORNL 1996 9.00E-01 4.50E-01 9.00E-01 4.50E-01 3.01E+02 3.01E+01 9.05E+01 9.05E+00 3.77E+02 3.77E+01
Nickel 7440-02-0 107 77.4 mallard duckling ORNL 1996 80 40 rat 0.35 ORNL 1996 1.07E+02 7.74E+01 1.07E+02 7.74E+01 1.40E+02 7.01E+01 4.22E+01 2.11E+01 1.76E+02 8.79E+01
Selenium 7782-49-2 0.8 0.4 mallard duck ORNL 1996 0.33 0.2 rat 0.35 ORNL 1996 8.00E-01 4.00E-01 8.00E-01 4.00E-01 5.79E-01 3.51E-01 1.74E-01 1.05E-01 7.25E-01 4.40E-01
Silver 7440-22-4 124.2 16.56 turkey Matuk et al. 1981 222 22.2 rat 0.35 Matuk et al. 1981 1.24E+02 1.66E+01 1.24E+02 1.66E+01 3.89E+02 3.89E+01 1.17E+02 1.17E+01 4.88E+02 4.88E+01
Zinc 7440-66-6 131 14.5 white leghorn hen ORNL 1996 320 160 rat 0.35 ORNL 1996 1.31E+02 1.45E+01 1.31E+02 1.45E+01 5.61E+02 2.81E+02 1.69E+02 8.44E+01 7.03E+02 3.52E+02
PAHs

Acenaphthene 83-32-9 5.05 1.01 red-winged 
blackbird USACE 1998 87.5 17.5 mouse 0.03 USACE 1998 5.05E+00 1.01E+00 5.05E+00 1.01E+00 8.30E+01 1.66E+01 2.50E+01 4.99E+00 1.04E+02 2.08E+01

Acenaphthylene 208-96-8 -- -- -- USACE 1998 500 100 rat 0.35 USACE 1998 NV NV NV NV 8.77E+02 1.75E+02 2.64E+02 5.27E+01 1.10E+03 2.20E+02
Benzo(a)anthracene 56-55-3 -- -- -- USACE 1998 2 0.2 rodents 0.165 USACE 1998 NV NV NV NV 2.91E+00 2.91E-01 8.74E-01 8.74E-02 3.64E+00 3.64E-01
Benzo(a)pyrene 50-32-8 2.5 0.5 duck ORNL 1996 10 1 mouse 0.03 ORNL 1996 2.50E+00 5.00E-01 2.50E+00 5.00E-01 9.49E+00 9.49E-01 2.85E+00 2.85E-01 1.19E+01 1.19E+00
Benzo(b)fluoranthene 205-99-2 -- -- -- ORNL 1996 10 1 mouse 0.03 ORNL 1996 NV NV NV NV 9.49E+00 9.49E-01 2.85E+00 2.85E-01 1.19E+01 1.19E+00
Benzo(g,h,i)perylene 191-24-2 -- -- -- USACE 1998 2.5 0.5 mouse 0.03 USACE 1998 NV NV NV NV 2.37E+00 4.74E-01 7.13E-01 1.43E-01 2.97E+00 5.95E-01
Benzo(k)fluoranthene 207-08-9 -- -- -- USACE 1998 72 7.2 rodents 0.165 USACE 1998 NV NV NV NV 1.05E+02 1.05E+01 3.15E+01 3.15E+00 1.31E+02 1.31E+01
Chrysene 218-01-9 -- -- -- USACE 1998 99 9.9 rodents 0.165 USACE 1998 NV NV NV NV 1.44E+02 1.44E+01 4.32E+01 4.32E+00 1.80E+02 1.80E+01
Dibenzo(a,h)anthracene 53-70-3 -- -- -- USACE 1998 13.33 1.333 rodents 0.165 USACE 1998 NV NV NV NV 1.94E+01 1.94E+00 5.82E+00 5.82E-01 2.43E+01 2.43E+00
Fluoranthene 206-44-0 -- -- -- USACE 1998 100 20 rodents 0.165 USACE 1998 NV NV NV NV 1.45E+02 2.91E+01 4.37E+01 8.74E+00 1.82E+02 3.64E+01
Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- USACE 1998 72 7.2 rodents 0.165 USACE 1998 NV NV NV NV 1.05E+02 1.05E+01 3.15E+01 3.15E+00 1.31E+02 1.31E+01

Phenanthrene 85-01-8 5.65 1.13 red-winged 
blackbird USACE 1998 35 7 mouse 0.03 USACE 1998 5.65E+00 1.13E+00 5.65E+00 1.13E+00 3.32E+01 6.64E+00 9.98E+00 2.00E+00 4.16E+01 8.32E+00

Pyrene 129-00-0 -- -- -- USACE 1998 40 8 mouse 0.03 USACE 1998 NV NV NV NV 3.80E+01 7.59E+00 1.14E+01 2.28E+00 4.76E+01 9.51E+00
Pesticides

4,4'-DDE 72-55-9 0.58 0.058 mallard duck Kornbrust et al. 
1986 230 23 rat 0.35 Kornbrust et al. 

1986 5.80E-01 5.80E-02 5.80E-01 5.80E-02 4.03E+02 4.03E+01 1.21E+02 1.21E+01 5.06E+02 5.06E+01

4,4'-DDT 50-29-3 0.028 0.0028 brown pelican ORNL 1996 4 0.8 rat 0.35 ORNL 1996 2.80E-02 2.80E-03 2.80E-02 2.80E-03 7.01E+00 1.40E+00 2.11E+00 4.22E-01 8.79E+00 1.76E+00

alpha-Chlordane 5103-71-9 10.7 2.14 red-winged 
blackbird Chlordane Value 3.9 0.39 mouse 0.03 ATSDR 1994 1.07E+01 2.14E+00 1.07E+01 2.14E+00 3.70E+00 3.70E-01 1.11E+00 1.11E-01 4.64E+00 4.64E-01

delta-BHC 319-86-8 2.25 0.56 Japanese quail ORNL 1996 0.14 0.014 mink 1 ORNL 1996 2.25E+00 5.60E-01 2.25E+00 5.60E-01 3.19E-01 3.19E-02 9.60E-02 9.60E-03 4.00E-01 4.00E-02
Endosulfan sulfate 1031-07-8 100 10 gray partridge Endosulfan Value 0.26 0.026 mouse 0.35 Endosulfan Value 1.00E+02 1.00E+01 1.00E+02 1.00E+01 4.56E-01 4.56E-02 1.37E-01 1.37E-02 5.71E-01 5.71E-02
Endrin aldehyde 7421-93-4 0.17 0.028 mallard duck Endrin Value 0.92 0.092 mouse 0.03 Endrin Value 1.70E-01 2.80E-02 1.70E-01 2.80E-02 8.73E-01 8.73E-02 2.62E-01 2.62E-02 1.09E+00 1.09E-01
gamma-BHC 58-89-9 20 2 mallard duck ORNL 1996 80 8 rat 0.35 ORNL 1996 2.00E+01 2.00E+00 2.00E+01 2.00E+00 1.40E+02 1.40E+01 4.22E+01 4.22E+00 1.76E+02 1.76E+01

gamma-Chlordane 5103-74-2 10.6 2.14 red-winged 
blackbird Chlordane Value 3.9 0.39 mouse 0.03 ATSDR 1994 1.06E+01 2.14E+00 1.06E+01 2.14E+00 3.70E+00 3.70E-01 1.11E+00 1.11E-01 4.64E+00 4.64E-01

Heptachlor 76-44-8 12.5 2.5 pheasant ORNL 1996 1 0.1 mink 1 ORNL 1996 1.25E+01 2.50E+00 1.25E+01 2.50E+00 2.28E+00 2.28E-01 6.85E-01 6.85E-02 2.86E+00 2.86E-01
Heptachlor epoxide 1024-57-3 4.95 0.99 Japanese quail USACE 1998 0.25 0.025 rat 0.35 USACE 1998 4.95E+00 9.90E-01 4.95E+00 9.90E-01 4.38E-01 4.38E-02 1.32E-01 1.32E-02 5.49E-01 5.49E-02
Methoxychlor 72-43-5 145 14.5 adult chicken ORNL 1996 8 4 rat 0.35 ORNL 1996 1.45E+02 1.45E+01 1.45E+02 1.45E+01 1.40E+01 7.01E+00 4.22E+00 2.11E+00 1.76E+01 8.79E+00
PCBs
Aroclor 1254 11097-69-1 4.1 0.41 screech owl Aroclor 1242 Value 0.68 0.068 oldfield mouse 0.03 ORNL 1996 4.10E+00 4.10E-01 4.10E+00 4.10E-01 6.45E-01 6.45E-02 1.94E-01 1.94E-02 8.09E-01 8.09E-02
Aroclor 1260 11096-82-5 4.1 0.41 screech owl Aroclor 1242 Value 0.68 0.068 oldfield mouse 0.03 ORNL 1996 4.10E+00 4.10E-01 4.10E+00 4.10E-01 6.45E-01 6.45E-02 1.94E-01 1.94E-02 8.09E-01 8.09E-02
Explosives
1,3,5-Trinitrobenzene4 99-35-4 -- -- -- -- 13.31 2.68 Rat 0.325 USCHPPM 2001a NV NV NV NV 2.29E+01 4.61E+00 6.89E+00 1.39E+00 2.87E+01 5.78E+00

2,4,6-Trinitrotoluene5,7 118-96-7 1.8 0.07 Northern Bobwhite USCHPPM 2001b 8 2 Dog (beagle) 14 USCHPM 2001b 
(Levine et al. 1990) 1.80E+00 7.00E-02 1.80E+00 7.00E-02 3.53E+01 8.82E+00 1.06E+01 2.65E+00 4.42E+01 1.11E+01

2,4-Dinitrotoluene1 121-14-2 1.25 0.1 Northern Bobwhite Johnson et al. 
2005a -- -- -- -- -- 1.25E+00 1.00E-01 1.25E+00 1.00E-01 NV NV NV NV NV NV

2,6-Dinitrotoluene2 606-20-2 1.25 0.1 Northern Bobwhite Johnson et al. 
2005a -- -- -- -- -- 1.25E+00 1.00E-01 1.25E+00 1.00E-01 NV NV NV NV NV NV

2-Amino-4,6-dinitrotoluene4 355-72-78-2 -- -- -- -- 48 9 Rat 0.325 USCHPPM 2005 NV NV NV NV 8.26E+01 1.55E+01 2.48E+01 4.66E+00 1.04E+02 1.94E+01
4-Amino-2,6-dinitrotoluene4 1946-51-0 -- -- -- -- 48 9 Rat 0.325 USCHPPM 2005 NV NV NV NV 8.26E+01 1.55E+01 2.48E+01 4.66E+00 1.04E+02 1.94E+01
HMX6 2691-41-0 -- -- -- -- 62.5 9 Mouse 0.035 USCHPPM 2001c NV NV NV NV 6.16E+01 8.88E+00 1.85E+01 2.67E+00 7.72E+01 1.11E+01
Dioxin/Furans

2,3,7,8-TCDD 1746-01-6 0.00014 0.000014 ring-necked 
pheasant ORNL 1996 0.00001 0.000001 mouse 0.03 ORNL 1996 1.40E-04 1.40E-05 1.40E-04 1.40E-05 9.49E-06 9.49E-07 2.85E-06 2.85E-07 1.19E-05 1.19E-06

MAMMALIAN RECEPTORS

CAS # 

(mg/kg-bw/d) (mg/kg-bw/d)

Meadow Vole Red Fox

Source
Test Animal 
Body Weight 

(kg)

AVIAN TEST SPECIES

(mg/kg-bw/d)

Short-tailed Shrew

(mg/kg-bw/d) (mg/kg-bw/d) (mg/kg-bw/d)
Test Animal Source Test Animal

American Robin Red-tailed Hawk
AVIAN RECEPTORS

(mg/kg-bw/d)

MAMMALIAN TEST SPECIES
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Table F.2-10
Wildlife TRVs

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstract Service Sources:
TRV = Toxic Reference Value ATSDR 1994.  ATSDR. 1994. Toxicological profile for Chlordane Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry.
NOAEL = No observable adverse effects level Gogal et al. 2001.  Gogal, R.M., Jr. 2001.  Influence of feed exposure to RDX on Northern Bobwhite (Colinus virginanus ) Avian Toxicology Study Nos. 031700G and 031300G (draft).  Avian Immunotoxicity
LOAEL = Lowest observable adverse effects level Risk Assessment Laboratory, Virginia-Maryland Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State University, Blacksburg, VA.
mg/kg = Milligram Per Kilogram Johnson et al 2005a.  Johnson, M.S., M.W. Michie, M.A. Bazar, and R.M. Gogal Jr.  2005a.  Influence of Oral 2,4-Dinitrotoluene Exposure to the Northern Bobwhite (Colinus virginianus).  Intern. J. of Tox. 24:265-274.
bw/d = Body Weight Per Day Kornbrust et al. 1986.  Kornbrust, D. et al. (1986), “Effects of 1,1-dichloro-2,2-bis[p-chlorophenyl]ethylene (DDE) on lactation in rats”, Journal of Toxicology and Environmental Health 17(1):23-36.
kg = kilogram Levine et al. 1990.  Levine, B.S., J.S. Rust, J.J. Barkley, E.M. Furedi, and P.M. Lish.  1990.  Six-month oral toxicity study of trinitrotoluene in beagle dogs.  Toxicology 63:233-244.
PAH = Polynuclear Aromatic Hydrocarbon Levine et al. 1983.  Levine, B.S., E.M. Furedi, V.S Rac, D.E. Gordon, and P.M. Lish.  1983.  Determination of the chronic mammalian toxicological effects of RDX:  Twenty-four month chronic toxicity/carcinogenicity study of 
PCB = Polychlorinated Biphenyl hexahydro-1,3,5-trinitro-1,3,5-trazine (RDX) in the Fischer 344 rat.  AD A160774.  Prepared by ITT Research Institute, Chicago, IL, for the U.S. Army Medical Research and Development Command, Fredrick, MD.
USACE = U.S. Army Corps of Engineers Matuk et al. 1981.  Matuk, Y., M. Gosh and C. McCulloch. 1981. Distribution of silver in the eyes and plasma proteins of the albino rat. Can. J. Ophthalmol. 16: 145-150. (Cited in ATSDR, 1990)
ORNL = Oak Ridge National Laboratory ORNL 1996.  Sample, B.E., D.M. Opresko and G.W. Suter II. 1996. Toxicological Benchmarks for Wildlife:  1996 Revision. ES/ER/TM-86/R3. Oak Ridge National Laboratory, Oak Ridge, Tennessee.
LD50 = Lethal Dose for 50% of test organisms USACE 1998.  U.S. Army Corps of Engineers (USACE). 1998. Final Ecological Risk Assessment, RCRA Facility Investigation, for Sunflower Army Ammunition Plant, De Soto, Kansas. USACE Kansas City District.
NOAEL and LOAEL values were derived from acute values by applying an uncertainty factor of 150. USCHPPM 2007.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2007, Wildlife Toxicity Assessment for Nitroglycerine (NG).  USACHPPM Document No: 37-EJ-1138-01F. November.

USCHPPM 2005.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2005, Wildlife Toxicity Assessment for 2-Amino-4,6-Dinitrotoluene and 4-Amino-2,6-Dinitrotoluene.  USACHPPM Document No: 39-EJ-1138-01D. December.
USCHPPM 2002.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2002, Wildlife Toxicity Assessment for 1,3,5-Trinitrohexahydro-1,3,5-Triazine (RDX).  USACHPPM Document No: 39-EJ-1138-01H. July.
USCHPPM 2001a.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2001a, Wildlife Toxicity Assessment for 1,3,5-Trinitrobenzene (1,3,5-TNB).  USACHPPM Document No: 39-EJ-1138-01B. November.
USCHPPM 2001b.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2001b, Wildlife Toxicity Assessment for 2,4,6-Trinitrotoluene (TNT).  USACHPPM Document No: 39-EJ-1138-00. November.
USCHPPM 2001c.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2001c, Wildlife Toxicity Assessment for High Melting Explosive (HMX).  USACHPPM Document No: 39-EJ-1138-01E. November.
U.S. EPA 1993.  Wildlife Exposure Factors Handbook.  EPA/600/P-93/187a.
U.S. EPA 1988. Recommendations for and documentation of biological values for use in risk assessment. Environmental Criteria and Assessment Office. Cincinnati, OH. EPA/600/6-87/008.

1 - Avian TRVs derived from subchronic NOAEL value of 1 and subchronic LOAEL value of 5 from a northern bobwhite and applying an uncertainty factor of 10 and 4 to derive NOAEL-based and LOAEL-based TRVs.
2 - Used 2,4-dinitrotoluene avian TRVs as surrogate.
3 - Avian chronic 
4- Mature rat body weight (average male & female) = 0.325 kg (U.S. EPA, 1988).
5- Mature Bobwhite Body Weight (seasonal average) = 0.191 kg (U.S. EPA, 1993).
6- Mature mouse body weight (female) = 0.035 kg (U.S.EPA, 1988).
7- Mature dog body weight (average male & female) = 14 kg  (U.S. EPA, 1988).
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Table F.2-11
Soil Biocaccumulation/Bioconcentration Factors- Soil to Plant Pathway

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS Selected Kow Source BAF Basis
Cs EPC 
(mg/kg) BAF[1] Basis Source

Inorganics
ARSENIC 7440-38-2 -- - -- -- -- 1.103 90th percentile 1.49 0.0375 Median Bechtel Jacobs 1998
CADMIUM 7440-43-9 -- - -- -- -- 3.25 90th percentile 0.44 0.9028 Cp = e(0.546*ln(Cs) - 0.475) Bechtel Jacobs 1998
CHROMIUM 7440-47-3 -- - -- -- -- 0.084 90th percentile 20.50 0.0410 Median Bechtel Jacobs 1998
COPPER 7440-50-8 -- - -- -- -- 0.625 90th percentile 20.10 0.3165 Cp = e(0.394*ln(Cs) + 0.668) Bechtel Jacobs 1998

LEAD 7439-92-1 -- - -- -- -- 0.468 90th percentile 110.70 0.0336 Cp = e(0.561*ln(Cs) - 1.328) Bechtel Jacobs 1998

MERCURY 7439-97-6 -- - -- -- -- 5.0 90th percentile 0.12 0.9649 Cp = e(0.544*ln(Cs) - 0.995) Bechtel Jacobs 1998

NICKEL 7440-02-0 -- - -- -- -- 1.411 90th percentile NC NC Cp = e(0.748*ln(Cs) + 2.223) Bechtel Jacobs 1998

SELENIUM 7782-49-2 -- - -- -- -- 3.012 90th percentile 1.13 0.5148 Cp = e(1.104*ln(Cs) - 0.677) Bechtel Jacobs 1998
SILVER 7440-22-4 -- - -- -- -- 0.037 90th percentile NC 0.0140 Median Bechtel Jacobs 1998
ZINC 7440-66-6 -- - -- -- -- 1.82 90th percentile 145.70 0.5237 Cp = e(0.554*ln(Cs) + 1.575) Bechtel Jacobs 1998
Pesticides
4,4'-DDE 72-55-9 5.63 - 6.96 6.76 USEPA 1995 0.08 Maximum NC NC Cp = e(0.752*ln(Cs) - 2.512) USEPA 2005

4,4'-DDT 50-29-3 5.56 - 7.01 6.53 USEPA 1995 0.62 Maximum 0.01 0.2724 Cp = e(0.752*ln(Cs) - 2.512) USEPA 2005
ALPHA-CHLORDANE 5103-71-9 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 0.0086 Kow Regression Eq. Travis and Arms 1988
DELTA-BHC 319-86-8 -- - -- 4.1 USEPA 1996 1 Default Value NC 0.1653 Kow Regression Eq. Travis and Arms 1988
ENDOSULFAN SULFATE 1031-07-8 -- - -- -- -- 1 Default Value NC 0.2367 Endosulfan as Surrogate --
ENDRIN ALDEHYDE 7421-93-4 -- - -- -- -- 1 Default Value NC 0.0461 Endrin as Surrogate --
GAMMA-BHC (LINDANE) 58-89-9 3.61 - 3.9 3.73 USEPA 1995 1 Default Value NC 0.2704 Kow Regression Eq. Travis and Arms 1988
GAMMA-CHLORDANE 5103-74-2 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 0.0086 Kow Regression Eq. Travis and Arms 1988
HEPTACHLOR 76-44-8 4.93 - 6.26 6.26 USEPA 1995 1 Default Value NC 0.0093 Kow Regression Eq. Travis and Arms 1988
HEPTACHLOR EPOXIDE 1024-57-3 3.5 - 5.4 5 USEPA 1995 1 Default Value 0.02 0.0499 Kow Regression Eq. Travis and Arms 1988
METHOXYCHLOR 72-43-5 4.2 - 5.6 5.08 USEPA 1995 1 Default Value NC 0.0448 Kow Regression Eq. Travis and Arms 1988
PCBs
AROCLOR-1254 11097-69-1 -- - -- 6.5 Jones et al. 1997 0.0068 Kow Regression Eq. 0.07 0.0068 Kow Regression Eq. Travis and Arms 1988
AROCLOR-1260 11096-82-5 -- - -- 6.8 Jones et al. 1997 0.0045 Kow Regression Eq. 0.02 0.0045 Kow Regression Eq. Travis and Arms 1988
VOCs and SVOCs
ACENAPHTHENE 83-32-9 3.77 - 4.49 3.92 USEPA 1995 4.6 Anthracene as Surrogate 0.51 0.0134 Cp = e(-0.8556*ln(Cs) - 5.562) USEPA 2005

ACENAPHTHYLENE 208-96-8 -- - -- 4.1 USEPA 1995 4.6 Anthracene as Surrogate 0.21 0.4410 Cp = e(0.791*ln(Cs) - 1.144) USEPA 2005

BENZO(A)ANTHRACENE 56-55-3 5.61 - 5.79 5.7 USEPA 1995 0.54 Maximum NC NC Cp = e(0.5944*ln(Cs) - 2.708) USEPA 2005

BENZO(A)PYRENE 50-32-8 5.98 - 6.34 6.11 USEPA 1995 3.3 Maximum 0.02 0.1412 Cp = e(0.975*ln(Cs) - 2.0615) USEPA 2005
BENZO(B)FLUORANTHENE 205-99-2 5.79 - 6.4 6.2 USEPA 1995 0.48 Maximum 0.03 0.31 Median BAF USEPA 2005
BENZO(G,H,I)PERYLENE 191-24-2 6.58 - 7.05 6.7 USEPA 1995 1.6 Maximum NC NC Cp = e(1.183*ln(Cs) - 0.931) USEPA 2005

BENZO(K)FLUORANTHENE 207-08-9 6.12 - 6.27 6.2 USEPA 1995 1.0 Maximum NC NC Cp = e(0.860*ln(Cs) - 2.158) USEPA 2005

CHRYSENE 218-01-9 5.41 - 5.79 5.7 USEPA 1995 1.05 Maximum 0.05 0.2295 Cp = e(0.594*ln(Cs) - 2.708) USEPA 2005
DIBENZO(A,H)ANTHRACENE 53-70-3 6.5 - 6.88 6.69 USEPA 1995 0.23 Maximum 0.02 0.13 Median BAF USEPA 2005
FLUORANTHENE 206-44-0 4.84 - 5.39 5.12 USEPA 1995 6.0 Maximum NC 0.50 Median BAF USEPA 2005
INDENO(1,2,3-CD)PYRENE 193-39-5 6.58 - 6.72 6.65 USEPA 1995 0.15 Maximum 0.08 0.11 Median BAF USEPA 2005
PHENANTHRENE 85-01-8 4.37 - 4.57 4.55 USEPA 1995 11 Maximum 0.04 2.9850 Cp = e(0.620*ln(Cs) - 0.167) USEPA 2005
PYRENE 129-00-0 4.76 - 5.52 5.11 USEPA 1995 3.7 Maximum 0.06 0.72 Median BAF USEPA 2005
Explosives
1,3,5-TNB 99-35-4 -- - -- 1.6 SRC 8.46 TNT as surrogate 1.32 4.23 TNT as surrogate --
2,4-DNT 121-14-2 -- - -- 1.6 SRC 8.46 TNT as surrogate 1.65 4.23 TNT as surrogate --
2,6-DNT 606-20-2 -- - -- 1.6 SRC 8.46 TNT as surrogate 1.13 4.23 TNT as surrogate --
2,4,6-TNT 118-96-7 -- - -- 1.6 SRC 8.46 Maximum 13.6 4.23 Median BAF USEPA 2005
2-AMINO-4,6-DINITROTOLUENE 355-72-78-2 -- - -- 1.6 SRC 8.46 TNT as surrogate 0.63 4.23 TNT as surrogate --
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 -- - -- 1.6 SRC 8.46 TNT as surrogate 0.56 4.23 TNT as surrogate --
HMX 2691-41-0 -- - -- 0.87 SRC 5.26 RDX as surrogate 0.71 0.43 RDX as surrogate --
Dioxin/Furans
2,3,7,8-TCDD 1746-01-6 6.42 - 7.02 6.53 USEPA 1995 0.0075 Kow Regression Eq. NC 0.0065 Kow Regression Eq. Travis and Arms 1988

Log Kow Range

Preliminary Assessment Refined Assessment
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Table F.2-11
Soil Biocaccumulation/Bioconcentration Factors- Soil to Plant Pathway

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstract Services
BAF = Bioaccumulation Factor
Kow = Chemical octanol-water coefficient
NC =  Not Calculated
Cs = Chemical Concentration in Soil
Cp = Chemical Concentration in Plant Matter (dry weight)
[1] = BAFs for chemical using Cp regression equation calculated by as follows: BAF = Cp/Cs

Source:
USEPA 1995:  United States Environmental Protection Agency.  1995.  Karickhoff, S.W. , and J.M. Long.   Summary of Measured, Calculated, and Recommended Log Kow Values.  Environmental Research Laboratory. Athens, Georgia.
Jones et al. 1997:  Jones et al.  1997.  Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision
Bechtel Jacobs 1998:  Bechtel Jacobs Company.  September 1998.  Emperical Models for the Uptake of Inorganic Chemical from Soil by Plants.
USEPA 2005:  United States Environmental Protection Agency (USEPA).  February 2005.  Guidance for Developing Ecological Soil Screening Levels.
Travis and Arms 1988:  Travis and Arms.  1988.  Bioconcentration of Organics in Beef, Milk, and Vegetation.  BAF values calculated for Tier I using lowest Kow value and for Tier II using the selected Kow value.

Kow Regression Equation: BAF =10^((-0.578*Kow)+1.588))
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Table F.2-12
Soil Biocaccumulation/Bioconcentration Factors - Soil to Invertebrate Pathway

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS
Selected 
Log Kow Reference Koc Reference Value Basis

Cs EPC
(mg/kg) BAF[1] Basis Source

Inorganics
ARSENIC 7440-38-2 -- - -- -- -- -- -- 0.52 90th percentile 1.49 0.2148 Ce = e(0.706*ln(Cs) - 1.421) Sample et al. 1998
CADMIUM 7440-43-9 -- - -- -- -- -- -- 40.7 90th percentile 0.44 9.7992 Ce = e(0.795*ln(Cs) + 2.114) Sample et al. 1998
CHROMIUM 7440-47-3 -- - -- -- -- -- -- 3.16 90th percentile 20.5 0.31 Median Sample et al. 1998
COPPER 7440-50-8 -- - -- -- -- -- -- 1.53 90th percentile 20.1 0.52 Median Sample et al. 1998
LEAD 7439-92-1 -- - -- -- -- -- -- 1.52 90th percentile 110.7 0.3242 Ce = e(0.807*ln(Cs) - 0.218) Sample et al. 1998
MERCURY 7439-97-6 -- - -- -- -- -- -- 20.6 90th percentile 0.122 1.69 Median Sample et al. 1998
NICKEL 7440-02-0 -- - -- -- -- -- -- 4.73 90th percentile NC 1.06 Median Sample et al. 1998
SELENIUM 7782-49-2 -- - -- -- -- -- -- 1.34 90th percentile 1.134 0.8971 Ce = e(0.733*ln(Cs) - 0.075) Sample et al. 1998
SILVER 7440-22-4 -- - -- -- -- -- -- 15.3 90th percentile NC 2.05 Median Sample et al. 1998
ZINC 7440-66-6 -- - -- -- -- -- -- 12.9 90th percentile 145.7 3.0084 Ce = e(0.328*ln(Cs) + 4.449) Sample et al. 1998
Pesticides
4,4'-DDE 72-55-9 5.63 - 6.96 6.76 USEPA 1995 -- -- 20.1 90th percentile NC NC Ce = e(0.88*ln(Cs) + 2.4771) USEPA 2005
4,4'-DDT 50-29-3 5.56 - 7.01 6.53 USEPA 1995 -- -- 29.4 90th percentile 0.00751 14.0270 Ce = e(0.8689*ln(Cs) + 2.1287) USEPA 2005
ALPHA-CHLORDANE 5103-71-9 5.8 - 6.41 6.32 USEPA 1995 5.89E+04 SRC, CF 4.00 Not Specified NC 4.00 Not Specified Edwards and Bohlen 1992
DELTA-BHC 319-86-8 -- - -- 4.1 USEPA 1996 4.26E+03 SRC, CF 3.18 Jager Model NC 3.18 Jager Model USEPA 2005
ENDOSULFAN SULFATE 1031-07-8 -- - -- -- -- -- -- 2.21 Endosulfan as Surrogate NC 2.12 Endosulfan as Surrogate --
ENDRIN ALDEHYDE 7421-93-4 -- - -- -- -- -- -- 3.60 Endrin as Surrogate NC 3.60 Endrin as Surrogate --
GAMMA-BHC (LINDANE) 58-89-9 3.61 - 3.9 3.73 USEPA 1995 1.08E+03 SRC, CF 8.41 Jager Model NC 5.98 Jager Model USEPA 2005
GAMMA-CHLORDANE 5103-74-2 5.8 - 6.41 6.32 USEPA 1995 5.89E+04 SRC, CF 4.00 Not Specified NC 4.00 Not Specified Edwards and Bohlen 1992
HEPTACHLOR 76-44-8 4.93 - 6.26 6.26 USEPA 1995 3.48E+03 SRC, CF 3.00 Not Specified NC 3.00 Not Specified Edwards and Bohlen 1992
HEPTACHLOR EPOXIDE 1024-57-3 3.5 - 5.4 5 USEPA 1995 1.06E+01 SRC, CF 8.39 Not Specified 0.023 8.39 Not Specified USEPA 1999
METHOXYCHLOR 72-43-5 4.2 - 5.6 5.08 USEPA 1995 8.00E+04 SRC, CF 3.42 Jager Model NC 1.21 Jager Model USEPA 2005
PCBs
AROCLOR-1254 11097-69-1 -- - -- 6.5 Jones et al. 1997 -- -- 15.9 90th percentile 0.0688 6.67 Median Sample et al. 1998
AROCLOR-1260 11096-82-5 -- - -- 6.8 Jones et al. 1997 -- -- 15.9 90th percentile 0.02 6.67 Median Sample et al. 1998
VOCs and SVOCs
ACENAPHTHENE 83-32-9 3.77 - 4.49 3.92 USEPA 1995 1.09E+04 USEPA 2005 2.72 Jager Model 0.51 0.87 Jager Model USEPA 2005
ACENAPHTHYLENE 208-96-8 -- - -- 4.07 USEPA 1995 9.47E+02 USEPA 2005 13.49 Jager Model 0.211 13.49 Jager Model USEPA 2005
BENZO(A)ANTHRACENE 56-55-3 5.61 - 5.79 5.7 USEPA 1995 3.58E+05 USEPA 2005 1.12 Jager Model NC 0.93 Jager Model USEPA 2005
BENZO(A)PYRENE 50-32-8 5.98 - 6.34 6.11 USEPA 1995 9.69E+05 USEPA 2005 1.24 Jager Model 0.0155 0.78 Jager Model USEPA 2005
BENZO(B)FLUORANTHENE 205-99-2 5.79 - 6.4 6.2 USEPA 1995 5.96E+05 USEPA 2005 2.28 Jager Model 0.0266 1.53 Jager Model USEPA 2005
BENZO(G,H,I)PERYLENE 191-24-2 6.58 - 7.05 6.7 USEPA 1995 1.43E+06 USEPA 2005 3.50 Jager Model NC 1.73 Jager Model USEPA 2005
BENZO(K)FLUORANTHENE 207-08-9 6.12 - 6.27 6.2 USEPA 1995 5.96E+05 USEPA 2005 1.76 Jager Model NC 1.53 Jager Model USEPA 2005
CHRYSENE 218-01-9 5.41 - 5.79 5.7 USEPA 1995 2.48E+05 USEPA 2005 1.62 Jager Model 0.0475 1.35 Jager Model USEPA 2005
DIBENZO(A,H)ANTHRACENE 53-70-3 6.5 - 6.88 6.69 USEPA 1995 1.79E+06 USEPA 2005 1.99 Jager Model 0.0211 1.36 Jager Model USEPA 2005
FLUORANTHENE 206-44-0 4.84 - 5.39 4.95 USEPA 1995 4.17E+04 USEPA 2005 4.31 Jager Model NC 1.79 Jager Model USEPA 2005
INDENO(1,2,3-CD)PYRENE 193-39-5 6.58 - 6.72 6.58 USEPA 1995 1.17E+06 USEPA 2005 2.21 Jager Model 0.082 1.68 Jager Model USEPA 2005
PHENANTHRENE 85-01-8 4.37 - 4.57 4.55 USEPA 1995 3.30E+04 USEPA 2005 1.05 Jager Model 0.0362 1.01 Jager Model USEPA 2005
PYRENE 129-00-0 4.76 - 5.52 4.88 USEPA 1995 6.27E+04 USEPA 2005 3.72 Jager Model 0.0554 1.03 Jager Model USEPA 2005
Explosives
1,3,5-TNB 99-35-4 -- - -- -- -- -- -- 1 Default Value 1.32 1 Default Value --
2,4-DNT 121-14-2 -- - -- -- -- -- -- 1 Default Value 1.65 1 Default Value --
2,6-DNT 606-20-2 -- - -- -- -- -- -- 1 Default Value 1.13 1 Default Value --
2,4,6-TNT 118-96-7 -- - -- -- -- -- -- 1 Default Value 13.6 1 Default Value --
2-AMINO-4,6-DINITROTOLUENE 355-72-78-2 -- - -- -- -- -- -- 1 Default Value 0.63 1 Default Value --
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 -- - -- -- -- -- -- 1 Default Value 0.56 1 Default Value --
HMX 2691-41-0 -- - -- -- -- -- -- 1 Default Value 0.71 1 Default Value --
Dioxin/Furans
2,3,7,8-TCDD 1746-01-6 6.42 - 7.02 6.53 USEPA 1995 -- -- 22.2 90th percentile NC 11 Median Sample et al. 1998

Notes:
CAS = Chemical Abstract Services Koc = Chemical water to soil partitioning coefficient
Cs = Chemical Concentration in Soil Kww = Chemical worm to soil partitioning coefficient
Ce = Chemical Concentration in Earthworm (dry weight) foc = mean fraction organic content in soil
Kow = Chemical octanol-water coefficient [1] = BAFs for chemical using Ce regression equation calculated by as follows: BAF = C e/Cs

Log Kow Range

Preliminary Assessment Refined Assessment
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Table F.2-12
Soil Biocaccumulation/Bioconcentration Factors - Soil to Invertebrate Pathway

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

References:
USEPA 1995:  United States Environmental Protection Agency.   Karickhoff, S.W. , and J.M. Long.  1995.  Summary of Measured, Calculated, and Recommended Log K ow Values.  Environmental Research Laboratory. Athens, Georgia.
Jones et al. 1997:  Jones et al.  1997.  Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision
Sample et al. 1998:  Sample, B.E., Beauchamp, J.J., Efroymson, R.A., Sutter, G.W., Ashwood, T.L., February 1998.  Development and Validation of Bioaccumulation Models for Earthworms.
Jager Model:  As presented in USEPA 2005, Guidance for Developing Ecological Screening Levels, Appendix 4-1, Table 5.

BAF = Kww(L/kg worl dw)/Kd (L/kg soil dw)
Kww  (dry weight) = 10^(0.87*logKow - 2.0) / 0.16
Wet weight to dry weight assuming 16% solids
Kd = foc * Koc

foc = 0.017 from site specific physical soil data
Note:  The maximum Kow utilized for the Tier I calculation and the Selected Kow utilized for the Tier II calculation.

Edwards and Bohlen 1992:  Edwards, C.A. and Bohlen, P.J.  1992. The effects of toxic chemicals on earthworms. Reviews of Environmental Contamination and Toxicology, 125: 23-99.
USEPA 2005:  United States Environmental Protection Agency (USEPA).  February 2005.  Guidance for Developing Ecological Soil Screening Levels.
SRC/CF:  Syracuse Research Corporation (SRC).  Physical Properties Database.  http://www.syrres.com/esc/physdemo.htm

Radford Army Ammunition Plant
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Table F.2-13
Soil Bioaccumulation/Bioconcentration Factors - Soil to Mammal Pathway

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS Selected Kow Reference Value Basis Cs (mg/kg) BAF[1] Basis Source
Inorganics
ARSENIC 7440-38-2 -- - -- -- -- 0.0149 90th percentile 1.49 0.0073 Cm = e(0.819*ln(Cs) - 4.847) Sample et al. 1998

CADMIUM 7440-43-9 -- - -- -- -- 3.991 90th percentile 0.44 0.4387 Cm = e(0.472*ln(Cs) - 1.257) Sample et al. 1998

CHROMIUM 7440-47-3 -- - -- -- -- 0.333 90th percentile 20.5 0.1039 Cm = e(0.734*ln(Cs) - 1.46) Sample et al. 1998

COPPER 7440-50-8 -- - -- -- -- 1.045 90th percentile 20.1 0.5913 Cm = e(0.144*ln(Cs) + 2.042) Sample et al. 1998

LEAD 7439-92-1 -- - -- -- -- 0.286 90th percentile 110.7 0.0781 Cm = e(0.442*ln(Cs) + 0.0761) Sample et al. 1998
MERCURY 7439-97-6 -- - -- -- -- 0.192 90th percentile 0.122 0.0543 Median Sample et al. 1998
NICKEL 7440-02-0 -- - -- -- -- 0.589 90th percentile NC NC Cm = e(0.466*ln(Cs) - 0.246) Sample et al. 1998

SELENIUM 7782-49-2 -- - -- -- -- 1.187 90th percentile 1.134 0.6100 Cm = e(0.376*ln(Cs) -0.416) Sample et al. 1998
SILVER 7440-22-4 -- - -- -- -- 0.501 90th percentile NC 0.004 Median Sample et al. 1998
ZINC 7440-66-6 -- - -- -- -- 2.69 90th percentile 145.7 0.7659 Cm = e(0.071*ln(Cs) + 4.363) Sample et al. 1998
Pesticides
4,4'-DDE 72-55-9 5.63 - 6.96 6.76 USEPA 1995 1 Default Value NC NC Cm = e(0.641*ln(Cd) + 3.640) USEPA 2005

4,4'-DDT 50-29-3 5.56 - 7.01 6.53 USEPA 1995 1 Default Value NC NC Cm = e(0.725*ln(Cd) + 1.179) USEPA 2005
ALPHA-CHLORDANE 5103-71-9 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 1 Default Value --
DELTA-BHC 319-86-8 -- - -- 4.1 USEPA 1996 1 Default Value NC 1 Default Value --
ENDOSULFAN SULFATE 1031-07-8 -- - -- -- -- 1 Default Value NC 1 Default Value --
ENDRIN ALDEHYDE 7421-93-4 -- - -- -- -- 1 Default Value NC 1 Default Value --
GAMMA-BHC (LINDANE) 58-89-9 3.61 - 3.9 3.73 USEPA 1995 1 Default Value NC 1 Default Value --
GAMMA-CHLORDANE 5103-74-2 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 1 Default Value --
HEPTACHLOR 76-44-8 4.93 - 6.26 6.26 USEPA 1995 1 Default Value NC 1 Default Value --
HEPTACHLOR EPOXIDE 1024-57-3 3.5 - 5.4 5 USEPA 1995 1 Default Value 0.023 1 Default Value --
METHOXYCHLOR 72-43-5 4.2 - 5.6 5.08 USEPA 1995 1 Default Value NC 1 Default Value --
PCBs
AROCLOR-1254 11097-69-1 -- - -- 6.5 Jones et al. 1997 1 Default Value 0.0688 1 Default Value --
AROCLOR-1260 11096-82-5 -- - -- 6.8 Jones et al. 1997 1 Default Value 0.02 1 Default Value --
VOCs and SVOCs
ACENAPHTHENE 83-32-9 3.77 - 4.49 3.92 USEPA 1995 1 Default Value 0.51 0 -- USEPA 2005
ACENAPHTHYLENE 208-96-8 -- - -- 4.07 USEPA 1995 1 Default Value 0.211 0 -- USEPA 2005
BENZO(A)ANTHRACENE 56-55-3 5.61 - 5.79 5.7 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
BENZO(A)PYRENE 50-32-8 5.98 - 6.34 6.11 USEPA 1995 1 Default Value 0.0155 0 -- USEPA 2005
BENZO(B)FLUORANTHENE 205-99-2 5.79 - 6.4 6.2 USEPA 1995 1 Default Value 0.0266 0 -- USEPA 2005
BENZO(G,H,I)PERYLENE 191-24-2 6.58 - 7.05 6.7 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
BENZO(K)FLUORANTHENE 207-08-9 6.12 - 6.27 6.2 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
CHRYSENE 218-01-9 5.41 - 5.79 5.7 USEPA 1995 1 Default Value 0.0475 0 -- USEPA 2005
DIBENZO(A,H)ANTHRACENE 53-70-3 6.5 - 6.88 6.69 USEPA 1995 1 Default Value 0.0211 0 -- USEPA 2005
FLUORANTHENE 206-44-0 4.84 - 5.39 5.12 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
INDENO(1,2,3-CD)PYRENE 193-39-5 6.58 - 6.72 6.65 USEPA 1995 1 Default Value 0.082 0 -- USEPA 2005
PHENANTHRENE 85-01-8 4.37 - 4.57 4.55 USEPA 1995 1 Default Value 0.0362 0 -- USEPA 2005
PYRENE 129-00-0 4.76 - 5.52 5.11 USEPA 1995 1 Default Value 0.0554 0 -- USEPA 2005
Explosives
1,3,5-TNB 99-35-4 -- - -- -- -- 1 Default Value 1.32 0 TNT as surrogate --
2,4-DNT 121-14-2 -- - -- -- -- 1 Default Value 1.65 0 TNT as surrogate --
2,6-DNT 606-20-2 -- - -- -- -- 1 Default Value 1.13 0 TNT as surrogate --
2,4,6-TNT 118-96-7 -- - -- -- -- 1 Default Value 13.6 0 Cm = 0 USEPA 2005
2-AMINO-4,6-DINITROTOLUENE 355-72-78-2 -- - -- -- -- 1 Default Value 0.63 0 TNT as surrogate --
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 -- - -- -- -- 1 Default Value 0.56 0 TNT as surrogate --
HMX 2691-41-0 -- - -- -- -- 1 Default Value 0.71 0 RDX as surrogate --
Dioxin/Furans
2,3,7,8-TCDD 1746-01-6 6.42 - 7.02 6.53 USEPA 1995 2.2 90th percentile 0.00000959 0.7199 Cm = e(0.1089*ln(Cs) + 0.7044) Sample et al. 1998

Preliminary Assessment Refined Assessment
Log Kow Range

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.2-13
Soil Bioaccumulation/Bioconcentration Factors - Soil to Mammal Pathway

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstract Services
Cs = Chemical Concentration in Soil
Cd = Chemical Concentration in Prey (assumed to be 100% earthworms (dry weight))
Cm = Chemical Concentration in Mammal (dry weight)
Kow = Chemical octanol to water partitioning coefficient
[1] = BAFs for chemical using Ce regression equation calculated by as follows: BAF = Cm/Cs

References:
USEPA 1995:  United States Environmental Protection Agency. Karickhoff, S.W. , and J.M. Long.  1995.  Summary of Measured, Calculated, and Recommended Log Kow Values.  Environmental Research Laboratory. Athens, Georgia.
Sample et al. 1998:   Sample et al.  1998.  Development and Validation of Bioaccumulation Models for Small Mammals.
Jones et al. 1997:  Jones et al.  1997.  Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision
USEPA 2005:  United States Environmental Protection Agency (USEPA).  February 2005.  Guidance for Developing Ecological Soil Screening Levels.
Travis and Arms 1988:  Travis and Arms.  1988.  Bioconcentration of Organics in Beef, Milk, and Vegetation.  BAF values calculated for Tier I using lowest Kow value and for Tier II using the selected Kow value.

Kow Regression Equation: BAF =10^((-0.578*Kow)+1.588))

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.2-14
Preliminary Wildlife Risk Characterization - Meadow Vole

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.20E-01 1.20E+00 2.5 1.1E+00 2.8E+00 1.8E-01 1.8E+00 1.39E+01 1.4E+00 Y 1.49 8.3E+00
Cadmium 7440-43-9 1.69E+00 1.69E+01 1.6 3.3E+00 5.2E+00 8.8E-01 8.8E+00 1.8E+00 1.8E-01 Y 0.44 5.0E-01
Chromium 7440-47-3 5.75E+00 5.75E+01 29.5 8.4E-02 2.5E+00 9.1E+01 9.1E+02 3.3E-01 3.3E-02 N -- --
Copper 7440-50-8 2.67E+01 3.51E+01 84.1 6.3E-01 5.3E+01 7.0E+01 9.2E+01 1.2E+00 9.1E-01 Y 20.1 2.9E-01
Lead 7439-92-1 1.40E+01 1.40E+02 528 4.7E-01 2.5E+02 4.8E+01 4.8E+02 1.1E+01 1.1E+00 Y 111 2.3E+00
Mercury 7439-97-6 3.01E+01 3.01E+02 0.31 5.0E+00 1.6E+00 1.0E+01 1.0E+02 3.0E-02 3.0E-03 N -- --
Nickel 7440-02-0 7.01E+01 1.40E+02 13.5 1.4E+00 1.9E+01 8.3E+01 1.7E+02 1.6E-01 8.1E-02 N -- --
Selenium 7782-49-2 3.51E-01 5.79E-01 2 3.0E+00 6.0E+00 2.0E-01 3.2E-01 1.0E+01 6.2E+00 Y 1.13 5.8E+00
Silver 7440-22-4 3.89E+01 3.89E+02 0.089 3.7E-02 3.3E-03 1.1E+03 1.1E+04 8.2E-05 8.2E-06 N -- --
Zinc 7440-66-6 2.81E+02 5.61E+02 337 1.8E+00 6.1E+02 2.6E+02 5.2E+02 1.3E+00 6.5E-01 Y 146 5.6E-01
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 9.49E-07 9.49E-06 1.7E-05 7.5E-03 1.3E-07 5.1E-05 5.1E-04 3.3E-01 3.3E-02 N -- --
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 4.03E+01 4.03E+02 0.0048 8.0E-02 3.8E-04 6.6E+02 6.6E+03 7.3E-06 7.3E-07 N -- --
4,4'-DDT 50-29-3 1.40E+00 7.01E+00 0.026 6.2E-01 1.6E-02 3.7E+00 1.9E+01 7.0E-03 1.4E-03 N -- --
alpha-Chlordane 5103-71-9 3.70E-01 3.70E+00 0.0031 1.0E+00 3.1E-03 6.1E-01 6.1E+00 5.0E-03 5.0E-04 N -- --
delta-BHC 319-86-8 3.19E-02 3.19E-01 0.0005 1.0E+00 5.0E-04 5.3E-02 5.3E-01 9.4E-03 9.4E-04 N -- --
Endosulfan Sulfate 1031-07-8 4.56E-02 4.56E-01 0.0018 1.0E+00 1.8E-03 7.6E-02 7.6E-01 2.4E-02 2.4E-03 N -- --
Endrin Aldehyde 7421-93-4 8.73E-02 8.73E-01 0.0012 1.0E+00 1.2E-03 1.4E-01 1.4E+00 8.3E-03 8.3E-04 N -- --
gamma-BHC (Lindane) 58-89-9 1.40E+01 1.40E+02 0.0016 1.0E+00 1.6E-03 2.3E+01 2.3E+02 6.9E-05 6.9E-06 N -- --
gamma-Chlordane 5103-74-2 3.70E-01 3.70E+00 0.01 1.0E+00 1.0E-02 6.1E-01 6.1E+00 1.6E-02 1.6E-03 N -- --
Heptachlor 76-44-8 2.28E-01 2.28E+00 0.0048 1.0E+00 4.8E-03 3.8E-01 3.8E+00 1.3E-02 1.3E-03 N -- --
Heptachlor Epoxide 1024-57-3 4.38E-02 4.38E-01 0.11 1.0E+00 1.1E-01 7.3E-02 7.3E-01 1.5E+00 1.5E-01 Y 0.023 3.2E-01
Methoxychlor 72-43-5 7.01E+00 1.40E+01 0.0074 1.0E+00 7.4E-03 1.2E+01 2.3E+01 6.4E-04 3.2E-04 N -- --
Aroclor1254 11097-69-1 6.45E-02 6.45E-01 0.2 6.8E-03 1.4E-03 3.6E+00 3.6E+01 5.6E-02 5.6E-03 N -- --
Aroclor1260 11096-82-5 6.45E-02 6.45E-01 0.078 4.5E-03 3.5E-04 3.8E+00 3.8E+01 2.0E-02 2.0E-03 N -- --
PAHs
Acenaphthene 83-32-9 1.66E+01 8.30E+01 1.6 4.6E+00 7.4E+00 6.1E+00 3.1E+01 2.6E-01 5.2E-02 N -- --
Acenaphthylene 208-96-8 1.75E+02 8.77E+02 1.1 4.6E+00 5.1E+00 6.4E+01 3.2E+02 1.7E-02 3.4E-03 N -- --
Benzo(a)anthracene 56-55-3 2.91E-01 2.91E+00 0.049 5.4E-01 2.6E-02 8.8E-01 8.8E+00 5.6E-02 5.6E-03 N -- --
Benzo(a)pyrene 50-32-8 9.49E-01 9.49E+00 0.058 3.3E+00 1.9E-01 4.9E-01 4.9E+00 1.2E-01 1.2E-02 N -- --
Benzo(b)fluoranthene 205-99-2 9.49E-01 9.49E+00 0.11 4.8E-01 5.3E-02 3.2E+00 3.2E+01 3.4E-02 3.4E-03 N -- --
Benzo(g,h,i)perylene 191-24-2 4.74E-01 2.37E+00 0.032 1.6E+00 5.1E-02 5.0E-01 2.5E+00 6.4E-02 1.3E-02 N -- --
Benzo(k)fluoranthene 207-08-9 1.05E+01 1.05E+02 0.057 1.0E+00 5.7E-02 1.7E+01 1.7E+02 3.3E-03 3.3E-04 N -- --
Chrysene 218-01-9 1.44E+01 1.44E+02 0.21 1.1E+00 2.2E-01 2.3E+01 2.3E+02 9.2E-03 9.2E-04 N -- --
Dibenz(a,h)anthracene 53-70-3 1.94E+00 1.94E+01 0.036 2.3E-01 8.3E-03 1.3E+01 1.3E+02 2.8E-03 2.8E-04 N -- --
Fluoranthene 206-44-0 2.91E+01 1.45E+02 0.09 6.0E+00 5.4E-01 8.2E+00 4.1E+01 1.1E-02 2.2E-03 N -- --
Indeno(1,2,3-cd)pyrene 193-39-5 1.05E+01 1.05E+02 0.39 1.5E-01 5.9E-02 1.0E+02 1.0E+03 3.8E-03 3.8E-04 N -- --
Phenanthrene 85-01-8 6.64E+00 3.32E+01 0.12 1.1E+01 1.3E+00 1.0E+00 5.1E+00 1.2E-01 2.3E-02 N -- --
Pyrene 129-00-0 7.59E+00 3.80E+01 0.18 3.7E+00 6.7E-01 3.5E+00 1.7E+01 5.2E-02 1.0E-02 N -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 4.61E+00 2.29E+01 7.6 8.5E+00 6.4E+01 9.2E-01 4.6E+00 8.2E+00 1.7E+00 Y 1.32 1.4E+00
2,4,6-Trinitrotoluene 118-96-7 8.82E+00 3.53E+01 130 8.5E+00 1.1E+03 1.8E+00 7.1E+00 7.4E+01 1.8E+01 Y 13.6 7.7E+00
2,4-Dinitrotoluene 121-14-2 NV NV 17 8.5E+00 1.4E+02 -- -- -- -- -- -- --
2,6-Dinitrotoluene 606-20-2 NV NV 11 8.5E+00 9.3E+01 -- -- -- -- -- -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.55E+01 8.26E+01 5.7 8.5E+00 4.8E+01 3.1E+00 1.7E+01 1.8E+00 3.4E-01 Y 0.63 2.0E-01
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.55E+01 8.26E+01 5.2 8.5E+00 4.4E+01 3.1E+00 1.7E+01 1.7E+00 3.1E-01 Y 0.56 1.8E-01
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 8.88E+00 6.16E+01 6.8 5.3E+00 3.6E+01 2.9E+00 2.0E+01 2.4E+00 3.4E-01 Y 0.71 2.5E-01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Concentration
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Concentration
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Meadow Vole Specific Data from Table F.2-9
BW= 0.017 kg
IRfood = 0.010 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00024 kg dw/day
AF = 1 unitless
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Table F.2-15
Refined Wildlife Risk Characterization - Meadow Vole
Screening Level Ecological Risk Assessment - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

 

Inorganics
Arsenic 7440-38-2 1.20E-01 1.20E+00 1.49 3.8E-02 5.6E-02 9.0E+00 9.0E+01 1.7E-01 1.7E-02
Cadmium 7440-43-9 1.69E+00 1.69E+01 0.44 9.0E-01 4.0E-01 8.4E+00 8.4E+01 5.2E-02 5.2E-03
Copper 7440-50-8 2.67E+01 3.51E+01 20.1 3.2E-01 6.4E+00 3.6E+02 4.8E+02 5.5E-02 4.2E-02
Lead 7439-92-1 1.40E+01 1.40E+02 110.7 3.4E-02 3.7E+00 1.1E+03 1.1E+04 9.8E-02 9.8E-03
Selenium 7782-49-2 3.51E-01 5.79E-01 1.134 5.1E-01 5.8E-01 3.0E+00 5.0E+00 3.8E-01 2.3E-01
Zinc 7440-66-6 2.81E+02 5.61E+02 145.7 5.2E-01 7.6E+01 2.4E+03 4.7E+03 6.1E-02 3.1E-02
TCL Pesticides/PCBs
Heptachlor Epoxide 1024-57-3 4.38E-02 4.38E-01 0.023 5.0E-02 1.1E-03 2.8E+00 2.8E+01 8.4E-03 8.4E-04
Explosives
1,3,5-Trinitrobenzene 99-35-4 4.61E+00 2.29E+01 1.32 4.2E+00 5.6E+00 5.0E+00 2.5E+01 2.6E-01 5.3E-02
2,4,6-Trinitrotoluene 118-96-7 8.82E+00 3.53E+01 13.6 4.2E+00 5.8E+01 9.6E+00 3.8E+01 1.4E+00 3.5E-01
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.55E+01 8.26E+01 0.63 4.2E+00 2.7E+00 1.7E+01 9.0E+01 3.7E-02 7.0E-03
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.55E+01 8.26E+01 0.56 4.2E+00 2.4E+00 1.7E+01 9.0E+01 3.3E-02 6.2E-03
HMX (Octahydro-1,3,5,7-tetranitr 2691-41-0 8.88E+00 6.16E+01 0.71 4.3E-01 3.1E-01 9.0E+01 6.3E+02 7.8E-03 1.1E-03

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Meadow Vole Specific Data from Table F.2-9
BW= 0.037 kg
IRfood = 0.008 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 1.00 unitless
IRsoil = 0.00019 kg dw/day
AF = 1 unitless
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Table F.2-16
Preliminary Wildlife Risk Characterization - Short-tailed Shrew

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.50E-01 1.50E+00 2.5 1.1E+00 2.8E+00 5.2E-01 1.3E+00 Plant 5.1E-01 5.1E+00 4.9E+00 4.9E-01 Y 1.49 2.9E+00
Cadmium 7440-43-9 2.11E+00 2.11E+01 1.6 3.3E+00 5.2E+00 4.1E+01 6.5E+01 Invertebrate 2.2E-01 2.2E+00 7.4E+00 7.4E-01 Y 0.44 2.0E+00
Chromium 7440-47-3 7.21E+00 7.21E+01 29.5 8.4E-02 2.5E+00 3.2E+00 9.3E+01 Invertebrate 9.1E+00 9.1E+01 3.2E+00 3.2E-01 Y 20.5 2.2E+00
Copper 7440-50-8 3.34E+01 4.40E+01 84.1 6.3E-01 5.3E+01 1.5E+00 1.3E+02 Invertebrate 8.4E+01 1.1E+02 1.0E+00 7.6E-01 Y 20.1 2.4E-01
Lead 7439-92-1 1.76E+01 1.76E+02 528 4.7E-01 2.5E+02 1.5E+00 8.0E+02 Invertebrate 4.4E+01 4.4E+02 1.2E+01 1.2E+00 Y 110.7 2.5E+00
Mercury 7439-97-6 3.77E+01 3.77E+02 0.31 5.0E+00 1.6E+00 2.1E+01 6.4E+00 Invertebrate 7.6E+00 7.6E+01 4.1E-02 4.1E-03 N -- --
Nickel 7440-02-0 8.79E+01 1.76E+02 13.5 1.4E+00 1.9E+01 4.7E+00 6.4E+01 Invertebrate 7.5E+01 1.5E+02 1.8E-01 9.0E-02 N -- --
Selenium 7782-49-2 4.40E-01 7.25E-01 2 3.0E+00 6.0E+00 1.3E+00 2.7E+00 Plant 5.8E-01 9.6E-01 3.4E+00 2.1E+00 Y 1.134 1.9E+00
Silver 7440-22-4 4.88E+01 4.88E+02 0.089 3.7E-02 3.3E-03 1.5E+01 1.4E+00 Invertebrate 1.3E+01 1.3E+02 6.8E-03 6.8E-04 N -- --
Zinc 7440-66-6 3.52E+02 7.03E+02 337 1.8E+00 6.1E+02 1.3E+01 4.3E+03 Invertebrate 1.1E+02 2.3E+02 3.0E+00 1.5E+00 Y 145.7 1.3E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.19E-06 1.19E-05 1.7E-05 7.5E-03 1.3E-07 2.2E+01 3.8E-04 Invertebrate 2.2E-07 2.2E-06 7.7E+01 7.7E+00 Y 9.59E-06 4.3E+01
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 5.06E+01 5.06E+02 0.0048 8.0E-02 3.8E-04 2.0E+01 9.6E-02 Invertebrate 1.0E+01 1.0E+02 4.6E-04 4.6E-05 N -- --
4,4'-DDT 50-29-3 1.76E+00 8.79E+00 0.026 6.2E-01 1.6E-02 2.9E+01 7.6E-01 Invertebrate 2.5E-01 1.2E+00 1.0E-01 2.1E-02 N -- --
alpha-Chlordane 5103-71-9 4.64E-01 4.64E+00 0.0031 1.0E+00 3.1E-03 4.0E+00 1.2E-02 Invertebrate 4.7E-01 4.7E+00 6.6E-03 6.6E-04 N -- --
delta-BHC 319-86-8 4.00E-02 4.00E-01 0.0005 1.0E+00 5.0E-04 3.2E+00 1.6E-03 Invertebrate 5.0E-02 5.0E-01 9.9E-03 9.9E-04 N -- --
Endosulfan Sulfate 1031-07-8 5.71E-02 5.71E-01 0.0018 1.0E+00 1.8E-03 2.2E+00 4.0E-03 Invertebrate 1.0E-01 1.0E+00 1.8E-02 1.8E-03 N -- --
Endrin Aldehyde 7421-93-4 1.09E-01 1.09E+00 0.0012 1.0E+00 1.2E-03 3.6E+00 4.3E-03 Invertebrate 1.2E-01 1.2E+00 9.8E-03 9.8E-04 N -- --
gamma-BHC (Lindane) 58-89-9 1.76E+01 1.76E+02 0.0016 1.0E+00 1.6E-03 8.4E+00 1.3E-02 Invertebrate 8.6E+00 8.6E+01 1.9E-04 1.9E-05 N -- --
gamma-Chlordane 5103-74-2 4.64E-01 4.64E+00 0.01 1.0E+00 1.0E-02 4.0E+00 4.0E-02 Invertebrate 4.7E-01 4.7E+00 2.1E-02 2.1E-03 N -- --
Heptachlor 76-44-8 2.86E-01 2.86E+00 0.0048 1.0E+00 4.8E-03 3.0E+00 1.4E-02 Invertebrate 3.8E-01 3.8E+00 1.3E-02 1.3E-03 N -- --
Heptachlor Epoxide 1024-57-3 5.49E-02 5.49E-01 0.11 1.0E+00 1.1E-01 8.4E+00 9.2E-01 Invertebrate 2.7E-02 2.7E-01 4.1E+00 4.1E-01 Y 0.023 8.6E-01
Methoxychlor 72-43-5 8.79E+00 1.76E+01 0.0074 1.0E+00 7.4E-03 3.4E+00 2.5E-02 Invertebrate 1.0E+01 2.1E+01 7.2E-04 3.6E-04 N -- --
Aroclor1254 11097-69-1 8.09E-02 8.09E-01 0.2 6.8E-03 1.4E-03 1.6E+01 3.2E+00 Invertebrate 2.1E-02 2.1E-01 9.5E+00 9.5E-01 Y 0.0688 3.3E+00
Aroclor1260 11096-82-5 8.09E-02 8.09E-01 0.078 4.5E-03 3.5E-04 1.6E+01 1.2E+00 Invertebrate 2.1E-02 2.1E-01 3.7E+00 3.7E-01 Y 0.02 9.5E-01
PAHs
Acenaphthene 83-32-9 2.08E+01 1.04E+02 1.6 4.6E+00 7.4E+00 2.7E+00 4.3E+00 Plant 1.8E+01 9.2E+01 8.7E-02 1.7E-02 N -- --
Acenaphthylene 208-96-8 2.20E+02 1.10E+03 1.1 4.6E+00 5.1E+00 1.3E+01 1.5E+01 Invertebrate 6.7E+01 3.4E+02 1.6E-02 3.3E-03 N -- --
Benzo(a)anthracene 56-55-3 3.64E-01 3.64E+00 0.049 5.4E-01 2.6E-02 1.1E+00 5.5E-02 Invertebrate 1.2E+00 1.2E+01 4.0E-02 4.0E-03 N -- --
Benzo(a)pyrene 50-32-8 1.19E+00 1.19E+01 0.058 3.3E+00 1.9E-01 1.2E+00 7.2E-02 Plant 1.4E+00 1.4E+01 4.0E-02 4.0E-03 N -- --
Benzo(b)fluoranthene 205-99-2 1.19E+00 1.19E+01 0.11 4.8E-01 5.3E-02 2.3E+00 2.5E-01 Invertebrate 2.1E+00 2.1E+01 5.4E-02 5.4E-03 N -- --
Benzo(g,h,i)perylene 191-24-2 5.95E-01 2.97E+00 0.032 1.6E+00 5.1E-02 3.5E+00 1.1E-01 Invertebrate 6.8E-01 3.4E+00 4.7E-02 9.4E-03 N -- --
Benzo(k)fluoranthene 207-08-9 1.31E+01 1.31E+02 0.057 1.0E+00 5.7E-02 1.8E+00 1.0E-01 Invertebrate 2.9E+01 2.9E+02 2.0E-03 2.0E-04 N -- --
Chrysene 218-01-9 1.80E+01 1.80E+02 0.21 1.1E+00 2.2E-01 1.6E+00 3.4E-01 Invertebrate 4.3E+01 4.3E+02 4.9E-03 4.9E-04 N -- --
Dibenz(a,h)anthracene 53-70-3 2.43E+00 2.43E+01 0.036 2.3E-01 8.3E-03 2.0E+00 7.2E-02 Invertebrate 4.8E+00 4.8E+01 7.5E-03 7.5E-04 N -- --
Fluoranthene 206-44-0 3.64E+01 1.82E+02 0.09 6.0E+00 5.4E-01 4.3E+00 3.9E-01 Plant 2.5E+01 1.2E+02 3.6E-03 7.3E-04 N -- --
Indeno(1,2,3-cd)pyrene 193-39-5 1.31E+01 1.31E+02 0.39 1.5E-01 5.9E-02 2.2E+00 8.6E-01 Invertebrate 2.3E+01 2.3E+02 1.7E-02 1.7E-03 N -- --
Phenanthrene 85-01-8 8.32E+00 4.16E+01 0.12 1.1E+01 1.3E+00 1.1E+00 1.3E-01 Plant 3.1E+00 1.6E+01 3.9E-02 7.7E-03 N -- --
Pyrene 129-00-0 9.51E+00 4.76E+01 0.18 3.7E+00 6.7E-01 3.7E+00 6.7E-01 Invertebrate 1.0E+01 5.1E+01 1.7E-02 3.5E-03 N -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 5.78E+00 2.87E+01 7.6 8.5E+00 6.4E+01 1.0E+00 7.6E+00 Plant 2.8E+00 1.4E+01 2.7E+00 5.5E-01 Y 1.32 4.7E-01
2,4,6-Trinitrotoluene 118-96-7 1.11E+01 4.42E+01 130 8.5E+00 1.1E+03 1.0E+00 1.3E+02 Plant 5.4E+00 2.1E+01 2.4E+01 6.1E+00 Y 13.6 2.5E+00
2,4-Dinitrotoluene 121-14-2 NV NV 17 8.5E+00 1.4E+02 1.0E+00 1.7E+01 Plant -- -- -- -- -- -- --
2,6-Dinitrotoluene 606-20-2 NV NV 11 8.5E+00 9.3E+01 1.0E+00 1.1E+01 Plant -- -- -- -- -- -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.94E+01 1.04E+02 5.7 8.5E+00 4.8E+01 1.0E+00 5.7E+00 Plant 9.4E+00 5.0E+01 6.1E-01 1.1E-01 N -- --
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.94E+01 1.04E+02 5.2 8.5E+00 4.4E+01 1.0E+00 5.2E+00 Plant 9.4E+00 5.0E+01 5.5E-01 1.0E-01 N -- --
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 1.11E+01 7.72E+01 6.8 5.3E+00 3.6E+01 1.0E+00 6.8E+00 Plant 8.6E+00 6.0E+01 7.9E-01 1.1E-01 N -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate soil screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Screening Level
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Short-tailed Shrew Specific Data from Table F.2-9
BW= 0.0125 kg
IRfood = 0.003 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00039 kg dw/day
AF = 1 unitless
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Table F.2-17
Refined Wildlife Risk Characterization - Short-tailed Shrew

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.50E-01 1.50E+00 1.49 3.8E-02 5.6E-02 2.15E-01 3.2E-01 3.5E+00 3.5E+01 4.2E-01 4.2E-02
Cadmium 7440-43-9 2.11E+00 2.11E+01 0.44 9.0E-01 4.0E-01 9.8E+00 4.3E+00 1.8E+00 1.8E+01 2.4E-01 2.4E-02
Chromium 7440-47-3 7.21E+00 7.21E+01 20.5 4.1E-02 8.4E-01 3.1E-01 6.3E+00 1.4E+02 1.4E+03 1.5E-01 1.5E-02
Lead 7439-92-1 1.76E+01 1.76E+02 110.7 3.4E-02 3.7E+00 3.2E-01 3.6E+01 3.2E+02 3.2E+03 3.5E-01 3.5E-02
Selenium 7782-49-2 4.40E-01 7.25E-01 1.134 5.1E-01 5.8E-01 9.0E-01 1.0E+00 3.4E+00 5.6E+00 3.3E-01 2.0E-01
Zinc 7440-66-6 3.52E+02 7.03E+02 145.7 5.2E-01 7.6E+01 3.0E+00 4.4E+02 9.5E+02 1.9E+03 1.5E-01 7.7E-02
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.19E-06 1.19E-05 9.59E-06 6.5E-03 6.2E-08 1.1E+01 1.1E-04 9.3E-07 9.3E-06 1.0E+01 1.0E+00
TCL Pesticides/PCBs
Heptachlor Epoxide 1024-57-3 5.49E-02 5.49E-01 0.023 5.0E-02 1.1E-03 8.4E+00 1.9E-01 5.6E-02 5.6E-01 4.1E-01 4.1E-02
Aroclor1254 11097-69-1 8.09E-02 8.09E-01 0.0688 6.8E-03 4.7E-04 6.7E+00 4.6E-01 1.0E-01 1.0E+00 6.7E-01 6.7E-02
Aroclor1260 11096-82-5 8.09E-02 8.09E-01 0.02 4.5E-03 9.1E-05 6.7E+00 1.3E-01 1.0E-01 1.0E+00 1.9E-01 1.9E-02
Explosives
1,3,5-Trinitrobenzene 99-35-4 5.78E+00 2.87E+01 1.32 4.2E+00 5.6E+00 1.0E+00 1.3E+00 2.7E+01 1.4E+02 4.8E-02 9.7E-03
2,4,6-Trinitrotoluene 118-96-7 1.11E+01 4.42E+01 13.6 4.2E+00 5.8E+01 1.0E+00 1.4E+01 5.2E+01 2.1E+02 2.6E-01 6.5E-02

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate soil screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Short-tailed Shrew Specific Data from Table F.2-9
BW= 0.015 kg
IRfood = 0.002 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 0.14 unitless
DFinv = 0.86 unitless
IRsoil = 0.00026 kg dw/day
AF = 1.000 unitless
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Table F.2-18
Preliminary Wildlife Risk Characterization - Red Fox

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 3.59E-02 3.59E-01 2.5 1.1E+00 2.8E+00 5.2E-01 1.3E+00 1.5E-02 3.7E-02 Plant 2.7E-01 2.7E+00 9.1E+00 9.1E-01 Y 1.49 5.4E+00
Cadmium 7440-43-9 5.07E-01 5.07E+00 1.6 3.3E+00 5.2E+00 4.1E+01 6.5E+01 4.0E+00 6.4E+00 Invertebrate 1.1E-01 1.1E+00 1.5E+01 1.5E+00 Y 0.44 4.1E+00
Chromium 7440-47-3 1.73E+00 1.73E+01 29.5 8.4E-02 2.5E+00 3.2E+00 9.3E+01 3.3E-01 9.8E+00 Invertebrate 4.7E+00 4.7E+01 6.3E+00 6.3E-01 Y 20.5 4.4E+00
Copper 7440-50-8 8.02E+00 1.06E+01 84.1 6.3E-01 5.3E+01 1.5E+00 1.3E+02 1.0E+00 8.8E+01 Invertebrate 4.4E+01 5.8E+01 1.9E+00 1.4E+00 Y 20.1 4.5E-01
Lead 7439-92-1 4.22E+00 4.22E+01 528 4.7E-01 2.5E+02 1.5E+00 8.0E+02 2.9E-01 1.5E+02 Invertebrate 2.3E+01 2.3E+02 2.2E+01 2.2E+00 Y 110.7 4.7E+00
Mercury 7439-97-6 9.05E+00 9.05E+01 0.31 5.0E+00 1.6E+00 2.1E+01 6.4E+00 1.9E-01 6.0E-02 Invertebrate 3.8E+00 3.8E+01 8.2E-02 8.2E-03 N -- --
Nickel 7440-02-0 2.11E+01 4.22E+01 13.5 1.4E+00 1.9E+01 4.7E+00 6.4E+01 5.9E-01 8.0E+00 Invertebrate 3.8E+01 7.6E+01 3.5E-01 1.8E-01 N -- --
Selenium 7782-49-2 1.05E-01 1.74E-01 2 3.0E+00 6.0E+00 1.3E+00 2.7E+00 1.2E+00 2.4E+00 Plant 3.0E-01 4.9E-01 6.7E+00 4.1E+00 Y 1.134 3.8E+00
Silver 7440-22-4 1.17E+01 1.17E+02 0.089 3.7E-02 3.3E-03 1.5E+01 1.4E+00 5.0E-01 4.5E-02 Invertebrate 6.6E+00 6.6E+01 1.4E-02 1.4E-03 N -- --
Zinc 7440-66-6 8.44E+01 1.69E+02 337 1.8E+00 6.1E+02 1.3E+01 4.3E+03 2.7E+00 9.1E+02 Invertebrate 5.6E+01 1.1E+02 6.0E+00 3.0E+00 Y 145.7 2.6E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 2.85E-07 2.85E-06 1.7E-04 7.5E-03 1.3E-06 2.2E+01 3.8E-03 2.2E+00 3.7E-04 Invertebrate 1.1E-07 1.1E-06 1.5E+03 1.5E+02 Y 9.59E-06 8.7E+01
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 1.21E+01 1.21E+02 0.0048 8.0E-02 3.8E-04 2.0E+01 9.6E-02 1.0E+00 4.8E-03 Invertebrate 5.2E+00 5.2E+01 9.2E-04 9.2E-05 N -- --
4,4'-DDT 50-29-3 4.22E-01 2.11E+00 0.026 6.2E-01 1.6E-02 2.9E+01 7.6E-01 1.0E+00 2.6E-02 Invertebrate 1.2E-01 6.2E-01 2.1E-01 4.2E-02 N -- --
alpha-Chlordane 5103-71-9 1.11E-01 1.11E+00 0.0031 1.0E+00 3.1E-03 4.0E+00 1.2E-02 1.0E+00 3.1E-03 Invertebrate 2.4E-01 2.4E+00 1.3E-02 1.3E-03 N -- --
delta-BHC 319-86-8 9.60E-03 9.60E-02 0.0005 1.0E+00 5.0E-04 3.2E+00 1.6E-03 1.0E+00 5.0E-04 Invertebrate 2.6E-02 2.6E-01 1.9E-02 1.9E-03 N -- --
Endosulfan Sulfate 1031-07-8 1.37E-02 1.37E-01 0.0018 1.0E+00 1.8E-03 2.2E+00 4.0E-03 1.0E+00 1.8E-03 Invertebrate 5.3E-02 5.3E-01 3.4E-02 3.4E-03 N -- --
Endrin Aldehyde 7421-93-4 2.62E-02 2.62E-01 0.0012 1.0E+00 1.2E-03 3.6E+00 4.3E-03 1.0E+00 1.2E-03 Invertebrate 6.2E-02 6.2E-01 1.9E-02 1.9E-03 N -- --
gamma-BHC (Lindane) 58-89-9 4.22E+00 4.22E+01 0.0016 1.0E+00 1.6E-03 8.4E+00 1.3E-02 1.0E+00 1.6E-03 Invertebrate 4.3E+00 4.3E+01 3.7E-04 3.7E-05 N -- --
gamma-Chlordane 5103-74-2 1.11E-01 1.11E+00 0.01 1.0E+00 1.0E-02 4.0E+00 4.0E-02 1.0E+00 1.0E-02 Invertebrate 2.4E-01 2.4E+00 4.2E-02 4.2E-03 N -- --
Heptachlor 76-44-8 6.85E-02 6.85E-01 0.0048 1.0E+00 4.8E-03 3.0E+00 1.4E-02 1.0E+00 4.8E-03 Invertebrate 2.0E-01 2.0E+00 2.5E-02 2.5E-03 N -- --
Heptachlor Epoxide 1024-57-3 1.32E-02 1.32E-01 0.11 1.0E+00 1.1E-01 8.4E+00 9.2E-01 1.0E+00 1.1E-01 Invertebrate 1.4E-02 1.4E-01 8.1E+00 8.1E-01 Y 0.023 1.7E+00
Methoxychlor 72-43-5 2.11E+00 4.22E+00 0.0074 1.0E+00 7.4E-03 3.4E+00 2.5E-02 1.0E+00 7.4E-03 Invertebrate 5.3E+00 1.1E+01 1.4E-03 7.0E-04 N -- --
Aroclor1254 11097-69-1 1.94E-02 1.94E-01 0.2 6.8E-03 1.4E-03 1.6E+01 3.2E+00 1.0E+00 2.0E-01 Invertebrate 1.1E-02 1.1E-01 1.9E+01 1.9E+00 Y 0.0688 6.5E+00
Aroclor1260 11096-82-5 1.94E-02 1.94E-01 0.078 4.5E-03 3.5E-04 1.6E+01 1.2E+00 1.0E+00 7.8E-02 Invertebrate 1.1E-02 1.1E-01 7.4E+00 7.4E-01 Y 0.02 1.9E+00
PAHs
Acenaphthene 83-32-9 4.99E+00 2.50E+01 1.6 4.6E+00 7.4E+00 2.7E+00 4.3E+00 1.0E+00 1.6E+00 Plant 9.3E+00 4.7E+01 1.7E-01 3.4E-02 N -- --
Acenaphthylene 208-96-8 5.27E+01 2.64E+02 1.1 4.6E+00 5.1E+00 1.3E+01 1.5E+01 1.0E+00 1.1E+00 Invertebrate 3.4E+01 1.7E+02 3.3E-02 6.5E-03 N -- --
Benzo(a)anthracene 56-55-3 8.74E-02 8.74E-01 0.049 5.4E-01 2.6E-02 1.1E+00 5.5E-02 1.0E+00 4.9E-02 Invertebrate 6.6E-01 6.6E+00 7.5E-02 7.5E-03 N -- --
Benzo(a)pyrene 50-32-8 2.85E-01 2.85E+00 0.058 3.3E+00 1.9E-01 1.2E+00 7.2E-02 1.0E+00 5.8E-02 Plant 7.4E-01 7.4E+00 7.8E-02 7.8E-03 N -- --
Benzo(b)fluoranthene 205-99-2 2.85E-01 2.85E+00 0.11 4.8E-01 5.3E-02 2.3E+00 2.5E-01 1.0E+00 1.1E-01 Invertebrate 1.1E+00 1.1E+01 1.0E-01 1.0E-02 N -- --
Benzo(g,h,i)perylene 191-24-2 1.43E-01 7.13E-01 0.032 1.6E+00 5.1E-02 3.5E+00 1.1E-01 1.0E+00 3.2E-02 Invertebrate 3.5E-01 1.7E+00 9.2E-02 1.8E-02 N -- --
Benzo(k)fluoranthene 207-08-9 3.15E+00 3.15E+01 0.057 1.0E+00 5.7E-02 1.8E+00 1.0E-01 1.0E+00 5.7E-02 Invertebrate 1.5E+01 1.5E+02 3.8E-03 3.8E-04 N -- --
Chrysene 218-01-9 4.32E+00 4.32E+01 0.21 1.1E+00 2.2E-01 1.6E+00 3.4E-01 1.0E+00 2.1E-01 Invertebrate 2.3E+01 2.3E+02 9.3E-03 9.3E-04 N -- --
Dibenz(a,h)anthracene 53-70-3 5.82E-01 5.82E+00 0.036 2.3E-01 8.3E-03 2.0E+00 7.2E-02 1.0E+00 3.6E-02 Invertebrate 2.5E+00 2.5E+01 1.4E-02 1.4E-03 N -- --
Fluoranthene 206-44-0 8.74E+00 4.37E+01 0.09 6.0E+00 5.4E-01 4.3E+00 3.9E-01 1.0E+00 9.0E-02 Plant 1.3E+01 6.3E+01 7.2E-03 1.4E-03 N -- --
Indeno(1,2,3-cd)pyrene 193-39-5 3.15E+00 3.15E+01 0.39 1.5E-01 5.9E-02 2.2E+00 8.6E-01 1.0E+00 3.9E-01 Invertebrate 1.2E+01 1.2E+02 3.2E-02 3.2E-03 N -- --
Phenanthrene 85-01-8 2.00E+00 9.98E+00 0.12 1.1E+01 1.3E+00 1.1E+00 1.3E-01 1.0E+00 1.2E-01 Plant 1.6E+00 7.8E+00 7.7E-02 1.5E-02 N -- --
Pyrene 129-00-0 2.28E+00 1.14E+01 0.18 3.7E+00 6.7E-01 3.7E+00 6.7E-01 1.0E+00 1.8E-01 Invertebrate 5.3E+00 2.6E+01 3.4E-02 6.9E-03 N -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.39E+00 6.89E+00 7.6 8.5E+00 6.4E+01 1.0E+00 7.6E+00 1.0E+00 7.6E+00 Plant 1.4E+00 7.0E+00 5.4E+00 1.1E+00 Y 1.32 9.4E-01
2,4,6-Trinitrotoluene 118-96-7 2.65E+00 1.06E+01 130 8.5E+00 1.1E+03 1.0E+00 1.3E+02 1.0E+00 1.3E+02 Plant 2.7E+00 1.1E+01 4.8E+01 1.2E+01 Y 13.6 5.0E+00
2,4-Dinitrotoluene 121-14-2 NV NV 17 8.5E+00 1.4E+02 1.0E+00 1.7E+01 1.0E+00 1.7E+01 Plant -- -- -- -- -- -- --
2,6-Dinitrotoluene 606-20-2 NV NV 11 8.5E+00 9.3E+01 1.0E+00 1.1E+01 1.0E+00 1.1E+01 Plant -- -- -- -- -- -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 4.66E+00 2.48E+01 5.7 8.5E+00 4.8E+01 1.0E+00 5.7E+00 1.0E+00 5.7E+00 Plant 4.7E+00 2.5E+01 1.2E+00 2.3E-01 Y 0.63 1.3E-01
4-Amino-2,6-Dinitrotoluene 1946-51-0 4.66E+00 2.48E+01 5.2 8.5E+00 4.4E+01 1.0E+00 5.2E+00 1.0E+00 5.2E+00 Plant 4.7E+00 2.5E+01 1.1E+00 2.1E-01 Y 0.56 1.2E-01
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 2.67E+00 1.85E+01 6.8 5.3E+00 3.6E+01 1.0E+00 6.8E+00 1.0E+00 6.8E+00 Plant 4.4E+00 3.0E+01 1.6E+00 2.2E-01 Y 0.71 1.6E-01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Screening Level
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red FoxSpecific Data from Table F.2-9
BW= 2.9500 kg
IRfood = 0.342 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00960 kg dw/day
AF = 1 unitless
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Table F.2-19
Refined Wildlife Risk Characterization - Red Fox

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 3.59E-02 3.59E-01 1.49 3.8E-02 5.6E-02 2.1E-01 3.2E-01 7.3E-03 1.1E-02 2.0E+03 2.0E+04 7.5E-04 7.5E-05
Cadmium 7440-43-9 5.07E-01 5.07E+00 0.44 9.0E-01 4.0E-01 9.8E+00 4.3E+00 4.4E-01 1.9E-01 1.5E+03 1.5E+04 2.9E-04 2.9E-05
Chromium 7440-47-3 1.73E+00 1.73E+01 20.5 4.1E-02 8.4E-01 3.1E-01 6.3E+00 1.0E-01 2.1E+00 3.6E+04 3.6E+05 5.6E-04 5.6E-05
Copper 7440-50-8 8.02E+00 1.06E+01 20.1 3.2E-01 6.4E+00 5.2E-01 1.0E+01 5.9E-01 1.2E+01 3.8E+04 5.0E+04 5.3E-04 4.0E-04
Lead 7439-92-1 4.22E+00 4.22E+01 110.7 3.4E-02 3.7E+00 3.2E-01 3.6E+01 7.8E-02 8.6E+00 1.1E+05 1.1E+06 1.0E-03 1.0E-04
Selenium 7782-49-2 1.05E-01 1.74E-01 1.134 5.1E-01 5.8E-01 9.0E-01 1.0E+00 6.1E-01 6.9E-01 4.5E+02 7.5E+02 2.5E-03 1.5E-03
Zinc 7440-66-6 8.44E+01 1.69E+02 145.7 5.2E-01 7.6E+01 3.0E+00 4.4E+02 7.7E-01 1.1E+02 2.7E+05 5.4E+05 5.4E-04 2.7E-04
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 2.85E-07 2.85E-06 9.59E-06 6.5E-03 6.2E-08 1.1E+01 1.1E-04 7.2E-01 6.9E-06 7.5E-04 7.5E-03 1.3E-02 1.3E-03
TCL Pesticides/PCBs
Heptachlor Epoxide 1024-57-3 1.32E-02 1.32E-01 0.023 5.0E-02 1.1E-03 8.4E+00 1.9E-01 1.0E+00 2.3E-02 3.1E+01 3.1E+02 7.5E-04 7.5E-05
Aroclor1254 11097-69-1 1.94E-02 1.94E-01 0.0688 6.8E-03 4.7E-04 6.7E+00 4.6E-01 1.0E+00 6.9E-02 4.9E+01 4.9E+02 1.4E-03 1.4E-04
Aroclor1260 11096-82-5 1.94E-02 1.94E-01 0.02 4.5E-03 9.1E-05 6.7E+00 1.3E-01 1.0E+00 2.0E-02 4.9E+01 4.9E+02 4.1E-04 4.1E-05
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.39E+00 6.89E+00 1.32 4.2E+00 5.6E+00 1.0E+00 1.3E+00 0.0E+00 0.0E+00 4.8E+03 2.4E+04 2.8E-04 5.5E-05
2,4,6-Trinitrotoluene 118-96-7 2.65E+00 1.06E+01 13.6 4.2E+00 5.8E+01 1.0E+00 1.4E+01 0.0E+00 0.0E+00 9.2E+03 3.7E+04 1.5E-03 3.7E-04
2-Amino-4,6-Dinitrotoluene 355-72-78-2 4.66E+00 2.48E+01 0.63 4.2E+00 2.7E+00 1.0E+00 6.3E-01 0.0E+00 0.0E+00 1.6E+04 8.6E+04 3.9E-05 7.3E-06
4-Amino-2,6-Dinitrotoluene 1946-51-0 4.66E+00 2.48E+01 0.56 4.2E+00 2.4E+00 1.0E+00 5.6E-01 0.0E+00 0.0E+00 1.6E+04 8.6E+04 3.5E-05 6.5E-06
HMX (Octahydro-1,3,5,7-tetranitro- 2691-41-0 2.67E+00 1.85E+01 0.71 4.3E-01 3.1E-01 1.0E+00 7.1E-01 0.0E+00 0.0E+00 5.1E+04 3.6E+05 1.4E-05 2.0E-06

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red FoxSpecific Data from Table F.2-9
BW= 4.5300 kg
IRfood = 0.238 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 0.17 unitless
DFinv = 0.04 unitless
DFmam = 0.79 unitless
IRsoil = 0.00670 kg dw/day
AF = 0.0070 unitless
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Table F.2-20
Preliminary Wildlife Risk Characterization - American Robin

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 5.14E+00 1.28E+01 2.5 1.1E+00 2.8E+00 5.2E-01 1.3E+00 Plant 1.4E+01 3.5E+01 1.8E-01 7.1E-02 N -- --
Cadmium 7440-43-9 1.45E+00 2.00E+01 1.6 3.3E+00 5.2E+00 4.1E+01 6.5E+01 Invertebrate 1.1E-01 1.6E+00 1.4E+01 1.0E+00 Y 0.44 3.9E+00
Chromium 7440-47-3 1.00E+00 5.00E+00 29.5 8.4E-02 2.5E+00 3.2E+00 9.3E+01 Invertebrate 9.9E-01 4.9E+00 3.0E+01 6.0E+00 Y 20.5 2.1E+01
Copper 7440-50-8 4.70E+01 6.17E+01 84.1 6.3E-01 5.3E+01 1.5E+00 1.3E+02 Invertebrate 9.4E+01 1.2E+02 8.9E-01 6.8E-01 N -- --
Lead 7439-92-1 1.13E+00 1.13E+01 528 4.7E-01 2.5E+02 1.5E+00 8.0E+02 Invertebrate 2.3E+00 2.3E+01 2.3E+02 2.3E+01 Y 110.7 4.9E+01
Mercury 7439-97-6 4.50E-01 9.00E-01 0.31 5.0E+00 1.6E+00 2.1E+01 6.4E+00 Invertebrate 6.9E-02 1.4E-01 4.5E+00 2.2E+00 Y 0.122 1.8E+00
Nickel 7440-02-0 7.74E+01 1.07E+02 13.5 1.4E+00 1.9E+01 4.7E+00 6.4E+01 Invertebrate 5.1E+01 7.1E+01 2.6E-01 1.9E-01 N -- --
Selenium 7782-49-2 4.00E-01 8.00E-01 2 3.0E+00 6.0E+00 1.3E+00 2.7E+00 Plant 4.1E-01 8.3E-01 4.8E+00 2.4E+00 Y 1.134 2.7E+00
Silver 7440-22-4 1.66E+01 1.24E+02 0.089 3.7E-02 3.3E-03 1.5E+01 1.4E+00 Invertebrate 3.4E+00 2.6E+01 2.6E-02 3.5E-03 N -- --
Zinc 7440-66-6 1.45E+01 1.31E+02 337 1.8E+00 6.1E+02 1.3E+01 4.3E+03 Invertebrate 3.6E+00 3.2E+01 9.5E+01 1.0E+01 Y 145.7 4.1E+01
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 1.68E-05 7.5E-03 1.3E-07 2.2E+01 3.7E-04 Invertebrate 2.0E-06 2.0E-05 8.4E+00 8.4E-01 Y 1.16E-05 5.8E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 5.80E-02 5.80E-01 0.0048 8.0E-02 3.8E-04 2.0E+01 9.6E-02 Invertebrate 9.1E-03 9.1E-02 5.3E-01 5.3E-02 N -- --
4,4'-DDT 50-29-3 2.80E-03 2.80E-02 0.026 6.2E-01 1.6E-02 2.9E+01 7.6E-01 Invertebrate 3.0E-04 3.0E-03 8.6E+01 8.6E+00 Y 0.00751 2.5E+01
alpha-Chlordane 5103-71-9 2.14E+00 1.07E+01 0.0031 1.0E+00 3.1E-03 4.0E+00 1.2E-02 Invertebrate 1.7E+00 8.4E+00 1.8E-03 3.7E-04 N -- --
delta-BHC 319-86-8 5.60E-01 2.25E+00 0.0005 1.0E+00 5.0E-04 3.2E+00 1.6E-03 Invertebrate 5.5E-01 2.2E+00 9.1E-04 2.3E-04 N -- --
Endosulfan Sulfate 1031-07-8 1.00E+01 1.00E+02 0.0018 1.0E+00 1.8E-03 2.2E+00 4.0E-03 Invertebrate 1.4E+01 1.4E+02 1.3E-04 1.3E-05 N -- --
Endrin Aldehyde 7421-93-4 2.80E-02 1.70E-01 0.0012 1.0E+00 1.2E-03 3.6E+00 4.3E-03 Invertebrate 2.4E-02 1.5E-01 4.9E-02 8.1E-03 N -- --
gamma-BHC (Lindane) 58-89-9 2.00E+00 2.00E+01 0.0016 1.0E+00 1.6E-03 8.4E+00 1.3E-02 Invertebrate 7.5E-01 7.5E+00 2.1E-03 2.1E-04 N -- --
gamma-Chlordane 5103-74-2 2.14E+00 1.06E+01 0.01 1.0E+00 1.0E-02 4.0E+00 4.0E-02 Invertebrate 1.7E+00 8.3E+00 6.0E-03 1.2E-03 N -- --
Heptachlor 76-44-8 2.50E+00 1.25E+01 0.0048 1.0E+00 4.8E-03 3.0E+00 1.4E-02 Invertebrate 2.6E+00 1.3E+01 1.8E-03 3.7E-04 N -- --
Heptachlor Epoxide 1024-57-3 9.90E-01 4.95E+00 0.11 1.0E+00 1.1E-01 8.4E+00 9.2E-01 Invertebrate 3.7E-01 1.9E+00 3.0E-01 5.9E-02 N -- --
Methoxychlor 72-43-5 1.45E+01 1.45E+02 0.0074 1.0E+00 7.4E-03 3.4E+00 2.5E-02 Invertebrate 1.3E+01 1.3E+02 5.6E-04 5.6E-05 N -- --
Aroclor1254 11097-69-1 4.10E-01 4.10E+00 0.2 6.8E-03 1.4E-03 1.6E+01 3.2E+00 Invertebrate 8.2E-02 8.2E-01 2.5E+00 2.5E-01 Y 0.0688 8.4E-01
Aroclor1260 11096-82-5 4.10E-01 4.10E+00 0.078 4.5E-03 3.5E-04 1.6E+01 1.2E+00 Invertebrate 8.2E-02 8.2E-01 9.6E-01 9.6E-02 N -- --
PAHs
Acenaphthene 83-32-9 1.01E+00 5.05E+00 1.6 4.6E+00 7.4E+00 2.7E+00 4.3E+00 Plant 6.9E-01 3.4E+00 2.3E+00 4.6E-01 Y 0.51 7.4E-01
Acenaphthylene 208-96-8 NV NV 1.1 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(a)anthracene 56-55-3 NV NV 0.049 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 5.00E-01 2.50E+00 0.058 3.3E+00 1.9E-01 1.2E+00 7.2E-02 Plant 4.7E-01 2.4E+00 1.2E-01 2.4E-02 N -- --
Benzo(b)fluoranthene 205-99-2 NV NV 0.11 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene 191-24-2 NV NV 0.032 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene 207-08-9 NV NV 0.057 -- -- -- -- -- -- -- -- -- -- -- --
Chrysene 218-01-9 NV NV 0.21 -- -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene 53-70-3 NV NV 0.036 -- -- -- -- -- -- -- -- -- -- -- --
Fluoranthene 206-44-0 NV NV 0.09 -- -- -- -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene 193-39-5 NV NV 0.39 -- -- -- -- -- -- -- -- -- -- -- --
Phenanthrene 85-01-8 1.13E+00 5.65E+00 0.12 1.1E+01 1.3E+00 1.1E+00 1.3E-01 Plant 3.2E-01 1.6E+00 3.7E-01 7.4E-02 N -- --
Pyrene 129-00-0 NV NV 0.18 -- -- -- -- -- -- -- -- -- -- -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 NV NV 7.6 -- -- -- -- -- -- -- -- -- -- -- --
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 130 8.5E+00 1.1E+03 1.0E+00 1.3E+02 Plant 2.6E-02 6.7E-01 5.0E+03 1.9E+02 Y 13.6 5.2E+02
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 17 8.5E+00 1.4E+02 1.0E+00 1.7E+01 Plant 3.7E-02 4.7E-01 4.6E+02 3.6E+01 Y 1.65 4.4E+01
2,6-Dinitrotoluene 606-20-2 1.00E-01 1.25E+00 11 8.5E+00 9.3E+01 1.0E+00 1.1E+01 Plant 3.7E-02 4.7E-01 2.9E+02 2.4E+01 Y 1.13 3.0E+01
2-Amino-4,6-Dinitrotoluene 355-72-78-2 NV NV 5.7 -- -- -- -- -- -- -- -- -- -- -- --
4-Amino-2,6-Dinitrotoluene 1946-51-0 NV NV 5.2 -- -- -- -- -- -- -- -- -- -- -- --
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 NV NV 6.8 -- -- -- -- -- -- -- -- -- -- -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate soil screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Concentration
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Concentration
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

American Robin Specific Data from Table F.2-9
BW= 0.0635 kg
IRfood = 0.020 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00100 kg dw/day
AF = 1 unitless
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Table F.2-21
Refined Wildlife Risk Characterization - American Robin
Screening Level Ecological Risk Assessment - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Cadmium 7440-43-9 1.45E+00 2.00E+01 0.44 9.0E-01 4.0E-01 9.8E+00 4.3E+00 1.6E+00 2.2E+01 2.7E-01 2.0E-02
Chromium 7440-47-3 1.00E+00 5.00E+00 20.5 4.1E-02 8.4E-01 3.1E-01 6.3E+00 2.5E+01 1.3E+02 8.1E-01 1.6E-01
Lead 7439-92-1 1.13E+00 1.13E+01 110.7 3.4E-02 3.7E+00 3.2E-01 3.6E+01 2.8E+01 2.8E+02 3.9E+00 3.9E-01
Mercury 7439-97-6 4.50E-01 9.00E-01 0.122 9.6E-01 1.2E-01 1.7E+00 2.1E-01 1.7E+00 3.4E+00 7.2E-02 3.6E-02
Selenium 7782-49-2 4.00E-01 8.00E-01 1.134 5.1E-01 5.8E-01 9.0E-01 1.0E+00 2.7E+00 5.4E+00 4.2E-01 2.1E-01
Zinc 7440-66-6 1.45E+01 1.31E+02 145.7 5.2E-01 7.6E+01 3.0E+00 4.4E+02 4.6E+01 4.2E+02 3.2E+00 3.5E-01
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 1.16E-05 6.5E-03 7.6E-08 1.1E+01 1.3E-04 1.6E-05 1.6E-04 7.3E-01 7.3E-02
TCL Pesticides/PCBs
4,4'-DDT 50-29-3 2.80E-03 2.80E-02 0.00751 2.7E-01 2.0E-03 1.4E+01 1.1E-01 2.4E-03 2.4E-02 3.1E+00 3.1E-01
Aroclor1254 11097-69-1 4.10E-01 4.10E+00 0.0688 6.8E-03 4.7E-04 6.7E+00 4.6E-01 7.7E-01 7.7E+00 9.0E-02 9.0E-03
PAHs
Acenaphthene 83-32-9 1.01E+00 5.05E+00 0.51 1.3E-02 6.8E-03 8.7E-01 4.4E-01 1.3E+01 6.3E+01 4.1E-02 8.1E-03
Explosives
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 13.6 4.2E+00 5.8E+01 1.0E+00 1.4E+01 1.1E-01 2.8E+00 1.2E+02 4.8E+00
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 1.65 4.2E+00 7.0E+00 1.0E+00 1.7E+00 1.6E-01 2.0E+00 1.0E+01 8.3E-01
2,6-Dinitrotoluene 606-20-2 1.00E-01 1.25E+00 1.13 4.2E+00 4.8E+00 1.0E+00 1.1E+00 1.6E-01 2.0E+00 7.1E+00 5.7E-01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

American Robin Specific Data from Table F.2-9
BW= 0.0773 kg
IRfood = 0.016 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 0.62 unitless
DFinv = 0.38 unitless
IRsoil = 0.0008 kg dw/day
AF = 1.000 unitless
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Table F.2-22
Preliminary Wildlife Risk Characterization - Red-tailed Hawk

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 5.14E+00 1.28E+01 2.5 1.5E-02 3.7E-02 5.2E+03 2.1E+03 4.8E-04 1.9E-04 N -- --
Cadmium 7440-43-9 1.45E+00 2.00E+01 1.6 4.0E+00 6.4E+00 5.5E+00 4.0E-01 2.9E-01 2.1E-02 N -- --
Chromium 7440-47-3 1.00E+00 5.00E+00 29.5 3.3E-01 9.8E+00 4.6E+01 9.1E+00 6.5E-01 1.3E-01 N -- --
Copper 7440-50-8 4.70E+01 6.17E+01 84.1 1.0E+00 8.8E+01 6.8E+02 5.2E+02 1.2E-01 9.4E-02 N -- --
Lead 7439-92-1 1.13E+00 1.13E+01 528 2.9E-01 1.5E+02 6.0E+01 6.0E+00 8.8E+00 8.8E-01 Y 110.7 1.8E+00
Mercury 7439-97-6 4.50E-01 9.00E-01 0.31 1.9E-01 6.0E-02 3.6E+01 1.8E+01 8.7E-03 4.4E-03 N -- --
Nickel 7440-02-0 7.74E+01 1.07E+02 13.5 5.9E-01 8.0E+00 2.0E+03 1.4E+03 6.8E-03 4.9E-03 N -- --
Selenium 7782-49-2 4.00E-01 8.00E-01 2 1.2E+00 2.4E+00 5.1E+00 2.6E+00 3.9E-01 2.0E-01 N -- --
Silver 7440-22-4 1.66E+01 1.24E+02 0.089 5.0E-01 4.5E-02 5.0E+02 6.7E+01 1.8E-04 2.4E-05 N -- --
Zinc 7440-66-6 1.45E+01 1.31E+02 337 2.7E+00 9.1E+02 8.2E+01 9.1E+00 4.1E+00 4.6E-01 Y 145.7 1.8E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 1.68E-05 2.2E+00 3.7E-05 9.7E-05 9.7E-06 1.7E-01 1.7E-02 N -- --
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 5.80E-02 5.80E-01 0.0048 1.0E+00 4.8E-03 8.8E-01 8.8E-02 5.4E-03 5.4E-04 N -- --
4,4'-DDT 50-29-3 2.80E-03 2.80E-02 0.026 1.0E+00 2.6E-02 4.3E-02 4.3E-03 6.1E-01 6.1E-02 N -- --
alpha-Chlordane 5103-71-9 2.14E+00 1.07E+01 0.0031 1.0E+00 3.1E-03 3.3E+01 6.5E+00 9.5E-05 1.9E-05 N -- --
delta-BHC 319-86-8 5.60E-01 2.25E+00 0.0005 1.0E+00 5.0E-04 8.5E+00 2.1E+00 5.9E-05 1.5E-05 N -- --
Endosulfan Sulfate 1031-07-8 1.00E+01 1.00E+02 0.0018 1.0E+00 1.8E-03 1.5E+02 1.5E+01 1.2E-05 1.2E-06 N -- --
Endrin Aldehyde 7421-93-4 2.80E-02 1.70E-01 0.0012 1.0E+00 1.2E-03 4.3E-01 7.0E-02 2.8E-03 4.6E-04 N -- --
gamma-BHC (Lindane) 58-89-9 2.00E+00 2.00E+01 0.0016 1.0E+00 1.6E-03 3.0E+01 3.0E+00 5.3E-05 5.3E-06 N -- --
gamma-Chlordane 5103-74-2 2.14E+00 1.06E+01 0.01 1.0E+00 1.0E-02 3.3E+01 6.6E+00 3.1E-04 6.2E-05 N -- --
Heptachlor 76-44-8 2.50E+00 1.25E+01 0.0048 1.0E+00 4.8E-03 3.8E+01 7.6E+00 1.3E-04 2.5E-05 N -- --
Heptachlor Epoxide 1024-57-3 9.90E-01 4.95E+00 0.11 1.0E+00 1.1E-01 1.5E+01 3.0E+00 7.3E-03 1.5E-03 N -- --
Methoxychlor 72-43-5 1.45E+01 1.45E+02 0.0074 1.0E+00 7.4E-03 2.2E+02 2.2E+01 3.4E-05 3.4E-06 N -- --
Aroclor1254 11097-69-1 4.10E-01 4.10E+00 0.2 1.0E+00 2.0E-01 6.2E+00 6.2E-01 3.2E-02 3.2E-03 N -- --
Aroclor1260 11096-82-5 4.10E-01 4.10E+00 0.078 1.0E+00 7.8E-02 6.2E+00 6.2E-01 1.3E-02 1.3E-03 N -- --
PAHs
Acenaphthene 83-32-9 1.01E+00 5.05E+00 1.6 1.0E+00 1.6E+00 1.5E+01 3.1E+00 1.0E-01 2.1E-02 N -- --
Acenaphthylene 208-96-8 NV NV 1.1 -- -- -- -- -- -- -- -- --
Benzo(a)anthracene 56-55-3 NV NV 0.049 -- -- -- -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 5.00E-01 2.50E+00 0.058 1.0E+00 5.8E-02 7.6E+00 1.5E+00 7.6E-03 1.5E-03 N -- --
Benzo(b)fluoranthene 205-99-2 NV NV 0.11 -- -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene 191-24-2 NV NV 0.032 -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene 207-08-9 NV NV 0.057 -- -- -- -- -- -- -- -- --
Chrysene 218-01-9 NV NV 0.21 -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene 53-70-3 NV NV 0.036 -- -- -- -- -- -- -- -- --
Fluoranthene 206-44-0 NV NV 0.09 -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene 193-39-5 NV NV 0.39 -- -- -- -- -- -- -- -- --
Phenanthrene 85-01-8 1.13E+00 5.65E+00 0.12 1.0E+00 1.2E-01 1.7E+01 3.4E+00 7.0E-03 1.4E-03 N -- --
Pyrene 129-00-0 NV NV 0.18 -- -- -- -- -- -- -- -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 NV NV 7.6 -- -- -- -- -- -- -- -- --
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 130 1.0E+00 1.3E+02 1.1E+00 4.1E-02 1.2E+02 4.8E+00 Y 13.6 1.3E+01
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 17 1.0E+00 1.7E+01 1.5E+00 1.2E-01 1.1E+01 9.0E-01 Y 1.65 1.1E+00
2,6-Dinitrotoluene 606-20-2 1.00E-01 1.25E+00 11 1.0E+00 1.1E+01 1.5E+00 1.2E-01 7.2E+00 5.8E-01 Y 1.13 7.4E-01
2-Amino-4,6-Dinitrotoluene 355-72-78-2 NV NV 5.7 -- -- -- -- -- -- -- -- --
4-Amino-2,6-Dinitrotoluene 1946-51-0 NV NV 5.2 -- -- -- -- -- -- -- -- --
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 NV NV 6.8 -- -- -- -- -- -- -- -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screenning levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10

BWi = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Concentration
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Concentration
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red-tailed Hawk Specific Data from Table F.2-9
BW= 0.957 kg
IRfood = 0.063 kg dw/day
BAFfood= Chem Specific unitless
DFmam = 1.00 unitless
IRsoil = 0.00 kg dw/day
AF = 1 unitless
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Table F.2-23
Refined Wildlife Risk Characterization - Red-tailed Hawk

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Lead 7439-92-1 1.13E+00 1.13E+01 110.7 7.8E-02 8.6E+00 1.0E+05 1.0E+06 1.1E-03 1.1E-04
Zinc 7440-66-6 1.45E+01 1.31E+02 145.7 7.7E-01 1.1E+02 1.4E+05 1.2E+06 1.1E-03 1.2E-04
Explosives
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 13.6 0.0E+00 0.0E+00 -- -- -- --
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 1.65 0.0E+00 0.0E+00 -- -- -- --
2,6-Dinitrotoluene 606-20-2 1.00E-01 1.25E+00 1.13 0.0E+00 0.0E+00 -- -- -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:

CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.2-10

BW = Average Body Weigth of Receptor (kg)

IRfood = Average Ingestion Rate for Food

BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red-tailed Hawk Specific Data from Table F.2-9
BW= 1.134 kg
IRfood = 0.059 kg dw/day
BAFfood= Chem Specific unitless
DFmam = 1.00 unitless
IRsoil = 0.0 kg dw/day
AF = 0.0027 unitless
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Based Soil 
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(mg/kg)
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LOAEL 
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(unitless)
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Table F.2-24
Wildlife Summary

Screening Level Ecological Risk Assessment - Area A
SWMU 54 RFI/CMS Report

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS#
Preliminary

NOAEL-based 
HQ

Preliminary
LOAEL-based 

HQ

Preliminary 
EPC NOAEL 

HQ

Refined
NOAEL-based 

HQ

Refined
LOAEL-based 

HQ

Preliminary
NOAEL-based 

HQ

Preliminary
LOAEL-based 

HQ

Preliminary 
EPC NOAEL 

HQ

Refined
NOAEL-based 

HQ

Refined
LOAEL-based 

HQ

Preliminary
NOAEL-based 

HQ

Preliminary
LOAEL-based 

HQ

Preliminary 
EPC NOAEL 

HQ

Refined
NOAEL-based 

HQ

Refined
LOAEL-based 

HQ

Preliminary
NOAEL-based 

HQ

Preliminary
LOAEL-based 

HQ

Preliminary 
EPC NOAEL 

HQ

Refined
NOAEL-based 

HQ

Refined
LOAEL-based 

HQ

Preliminary
NOAEL-based 

HQ

Preliminary
LOAEL-based 

HQ

Preliminary 
EPC NOAEL 

HQ

Refined
NOAEL-based 

HQ

Refined
LOAEL-based 

HQ
Inorganics
Arsenic 7440-38-2 1.4E+01 1.4E+00 8.3E+00 1.7E-01 1.7E-02 4.9E+00 4.9E-01 2.9E+00 4.2E-01 4.2E-02 9.1E+00 9.1E-01 5.4E+00 7.5E-04 7.5E-05 1.8E-01 7.1E-02 NC NC NC 4.8E-04 1.9E-04 NC NC NC
Cadmium 7440-43-9 1.8E+00 1.8E-01 5.0E-01 5.2E-02 5.2E-03 7.4E+00 7.4E-01 2.0E+00 2.4E-01 2.4E-02 1.5E+01 1.5E+00 4.1E+00 2.9E-04 2.9E-05 1.4E+01 1.0E+00 3.9E+00 2.7E-01 2.0E-02 2.9E-01 2.1E-02 NC NC NC
Chromium 7440-47-3 3.3E-01 3.3E-02 NC NC NC 3.2E+00 3.2E-01 2.2E+00 1.5E-01 1.5E-02 6.3E+00 6.3E-01 4.4E+00 5.6E-04 5.6E-05 3.0E+01 6.0E+00 2.1E+01 8.1E-01 1.6E-01 6.5E-01 1.3E-01 NC NC NC
Copper 7440-50-8 1.2E+00 9.1E-01 2.9E-01 5.5E-02 4.2E-02 1.0E+00 7.6E-01 2.4E-01 4.9E-02 3.8E-02 1.9E+00 1.4E+00 4.5E-01 5.3E-04 4.0E-04 8.9E-01 6.8E-01 NC NC NC 1.2E-01 9.4E-02 NC NC NC
Lead 7439-92-1 1.1E+01 1.1E+00 2.3E+00 9.8E-02 9.8E-03 1.2E+01 1.2E+00 2.5E+00 3.5E-01 3.5E-02 2.2E+01 2.2E+00 4.7E+00 1.0E-03 1.0E-04 2.3E+02 2.3E+01 4.9E+01 3.9E+00 3.9E-01 8.8E+00 8.8E-01 1.8E+00 1.1E-03 1.1E-04
Mercury 7439-97-6 3.0E-02 3.0E-03 NC NC NC 4.1E-02 4.1E-03 NC NC NC 8.2E-02 8.2E-03 NC NC NC 4.5E+00 2.2E+00 1.8E+00 7.2E-02 3.6E-02 8.7E-03 4.4E-03 NC NC NC
Nickel 7440-02-0 1.6E-01 8.1E-02 NC NC NC 1.8E-01 9.0E-02 NC NC NC 3.5E-01 1.8E-01 NC NC NC 2.6E-01 1.9E-01 NC NC NC 6.8E-03 4.9E-03 NC NC NC
Selenium 7782-49-2 1.0E+01 6.2E+00 5.8E+00 3.8E-01 2.3E-01 3.4E+00 2.1E+00 1.9E+00 3.3E-01 2.0E-01 6.7E+00 4.1E+00 3.8E+00 2.5E-03 1.5E-03 4.8E+00 2.4E+00 2.7E+00 4.2E-01 2.1E-01 3.9E-01 2.0E-01 NC NC NC
Silver 7440-22-4 8.2E-05 8.2E-06 NC NC NC 6.8E-03 6.8E-04 NC NC NC 1.4E-02 1.4E-03 NC NC NC 2.6E-02 3.5E-03 NC NC NC 1.8E-04 2.4E-05 NC NC NC
Zinc 7440-66-6 1.3E+00 6.5E-01 5.6E-01 6.1E-02 3.1E-02 3.0E+00 1.5E+00 1.3E+00 1.5E-01 7.7E-02 6.0E+00 3.0E+00 2.6E+00 5.4E-04 2.7E-04 9.5E+01 1.0E+01 4.1E+01 3.2E+00 3.5E-01 4.1E+00 4.6E-01 1.8E+00 1.1E-03 1.2E-04
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 3.3E-01 3.3E-02 NC NC NC 7.7E+01 7.7E+00 4.3E+01 1.0E+01 1.0E+00 1.5E+03 1.5E+02 8.7E+01 1.3E-02 1.3E-03 8.4E+00 8.4E-01 5.8E+00 7.3E-01 7.3E-02 1.7E-01 1.7E-02 NC NC NC
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 7.3E-06 7.3E-07 NC NC NC 4.6E-04 4.6E-05 NC NC NC 9.2E-04 9.2E-05 NC NC NC 5.3E-01 5.3E-02 NC NC NC 5.4E-03 5.4E-04 NC NC NC
4,4'-DDT 50-29-3 7.0E-03 1.4E-03 NC NC NC 1.0E-01 2.1E-02 NC NC NC 2.1E-01 4.2E-02 NC NC NC 8.6E+01 8.6E+00 2.5E+01 3.1E+00 3.1E-01 6.1E-01 6.1E-02 NC NC NC
alpha-Chlordane 5103-71-9 5.0E-03 5.0E-04 NC NC NC 6.6E-03 6.6E-04 NC NC NC 1.3E-02 1.3E-03 NC NC NC 1.8E-03 3.7E-04 NC NC NC 9.5E-05 1.9E-05 NC NC NC
delta-BHC 319-86-8 9.4E-03 9.4E-04 NC NC NC 9.9E-03 9.9E-04 NC NC NC 1.9E-02 1.9E-03 NC NC NC 9.1E-04 2.3E-04 NC NC NC 5.9E-05 1.5E-05 NC NC NC
Endosulfan Sulfate 1031-07-8 2.4E-02 2.4E-03 NC NC NC 1.8E-02 1.8E-03 NC NC NC 3.4E-02 3.4E-03 NC NC NC 1.3E-04 1.3E-05 NC NC NC 1.2E-05 1.2E-06 NC NC NC
Endrin Aldehyde 7421-93-4 8.3E-03 8.3E-04 NC NC NC 9.8E-03 9.8E-04 NC NC NC 1.9E-02 1.9E-03 NC NC NC 4.9E-02 8.1E-03 NC NC NC 2.8E-03 4.6E-04 NC NC NC
gamma-BHC (Lindane) 58-89-9 6.9E-05 6.9E-06 NC NC NC 1.9E-04 1.9E-05 NC NC NC 3.7E-04 3.7E-05 NC NC NC 2.1E-03 2.1E-04 NC NC NC 5.3E-05 5.3E-06 NC NC NC
gamma-Chlordane 5103-74-2 1.6E-02 1.6E-03 NC NC NC 2.1E-02 2.1E-03 NC NC NC 4.2E-02 4.2E-03 NC NC NC 6.0E-03 1.2E-03 NC NC NC 3.1E-04 6.2E-05 NC NC NC
Heptachlor 76-44-8 1.3E-02 1.3E-03 NC NC NC 1.3E-02 1.3E-03 NC NC NC 2.5E-02 2.5E-03 NC NC NC 1.8E-03 3.7E-04 NC NC NC 1.3E-04 2.5E-05 NC NC NC
Heptachlor Epoxide 1024-57-3 1.5E+00 1.5E-01 3.2E-01 8.4E-03 8.4E-04 4.1E+00 4.1E-01 8.6E-01 4.1E-01 4.1E-02 8.1E+00 8.1E-01 1.7E+00 7.5E-04 7.5E-05 3.0E-01 5.9E-02 NC NC NC 7.3E-03 1.5E-03 NC NC NC
Methoxychlor 72-43-5 6.4E-04 3.2E-04 NC NC NC 7.2E-04 3.6E-04 NC NC NC 1.4E-03 7.0E-04 NC NC NC 5.6E-04 5.6E-05 NC NC NC 3.4E-05 3.4E-06 NC NC NC
Aroclor1254 11097-69-1 5.6E-02 5.6E-03 NC NC NC 9.5E+00 9.5E-01 3.3E+00 6.7E-01 6.7E-02 1.9E+01 1.9E+00 6.5E+00 1.4E-03 1.4E-04 2.5E+00 2.5E-01 8.4E-01 9.0E-02 9.0E-03 3.2E-02 3.2E-03 NC NC NC
Aroclor1260 11096-82-5 2.0E-02 2.0E-03 NC NC NC 3.7E+00 3.7E-01 9.5E-01 1.9E-01 1.9E-02 7.4E+00 7.4E-01 1.9E+00 4.1E-04 4.1E-05 9.6E-01 9.6E-02 NC NC NC 1.3E-02 1.3E-03 NC NC NC
PAHs
Acenaphthene 83-32-9 2.6E-01 5.2E-02 NC NC NC 8.7E-02 1.7E-02 NC NC NC 1.7E-01 3.4E-02 NC NC NC 2.3E+00 4.6E-01 7.4E-01 4.1E-02 8.1E-03 1.0E-01 2.1E-02 NC NC NC
Acenaphthylene 208-96-8 1.7E-02 3.4E-03 NC NC NC 1.6E-02 3.3E-03 NC NC NC 3.3E-02 6.5E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(a)anthracene 56-55-3 5.6E-02 5.6E-03 NC NC NC 4.0E-02 4.0E-03 NC NC NC 7.5E-02 7.5E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(a)pyrene 50-32-8 1.2E-01 1.2E-02 NC NC NC 4.0E-02 4.0E-03 NC NC NC 7.8E-02 7.8E-03 NC NC NC 1.2E-01 2.4E-02 NC NC NC 7.6E-03 1.5E-03 NC NC NC
Benzo(b)fluoranthene 205-99-2 3.4E-02 3.4E-03 NC NC NC 5.4E-02 5.4E-03 NC NC NC 1.0E-01 1.0E-02 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(g,h,i)perylene 191-24-2 6.4E-02 1.3E-02 NC NC NC 4.7E-02 9.4E-03 NC NC NC 9.2E-02 1.8E-02 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(k)fluoranthene 207-08-9 3.3E-03 3.3E-04 NC NC NC 2.0E-03 2.0E-04 NC NC NC 3.8E-03 3.8E-04 NC NC NC NC NC NC NC NC NC NC NC NC NC
Chrysene 218-01-9 9.2E-03 9.2E-04 NC NC NC 4.9E-03 4.9E-04 NC NC NC 9.3E-03 9.3E-04 NC NC NC NC NC NC NC NC NC NC NC NC NC
Dibenz(a,h)anthracene 53-70-3 2.8E-03 2.8E-04 NC NC NC 7.5E-03 7.5E-04 NC NC NC 1.4E-02 1.4E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Fluoranthene 206-44-0 1.1E-02 2.2E-03 NC NC NC 3.6E-03 7.3E-04 NC NC NC 7.2E-03 1.4E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Indeno(1,2,3-cd)pyrene 193-39-5 3.8E-03 3.8E-04 NC NC NC 1.7E-02 1.7E-03 NC NC NC 3.2E-02 3.2E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Phenanthrene 85-01-8 1.2E-01 2.3E-02 NC NC NC 3.9E-02 7.7E-03 NC NC NC 7.7E-02 1.5E-02 NC NC NC 3.7E-01 7.4E-02 NC NC NC 7.0E-03 1.4E-03 NC NC NC
Pyrene 129-00-0 5.2E-02 1.0E-02 NC NC NC 1.7E-02 3.5E-03 NC NC NC 3.4E-02 6.9E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Explosives
1,3,5-Trinitrobenzene 99-35-4 8.2E+00 1.7E+00 1.4E+00 2.6E-01 5.3E-02 2.7E+00 5.5E-01 4.7E-01 4.8E-02 9.7E-03 5.4E+00 1.1E+00 9.4E-01 2.8E-04 5.5E-05 NC NC NC NC NC NC NC NC NC NC
2,4,6-Trinitrotoluene 118-96-7 7.4E+01 1.8E+01 7.7E+00 1.4E+00 3.5E-01 2.4E+01 6.1E+00 2.5E+00 2.6E-01 6.5E-02 4.8E+01 1.2E+01 5.0E+00 1.5E-03 3.7E-04 5.0E+03 1.9E+02 5.2E+02 1.2E+02 4.8E+00 1.2E+02 4.8E+00 1.3E+01 -- --
2,4-Dinitrotoluene 121-14-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 4.6E+02 3.6E+01 4.4E+01 1.0E+01 8.3E-01 1.1E+01 9.0E-01 1.1E+00 -- --
2,6-Dinitrotoluene 606-20-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 2.9E+02 2.4E+01 3.0E+01 7.1E+00 5.7E-01 7.2E+00 5.8E-01 7.4E-01 -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.8E+00 3.4E-01 2.0E-01 3.7E-02 7.0E-03 6.1E-01 1.1E-01 NC NC NC 1.2E+00 2.3E-01 1.3E-01 3.9E-05 7.3E-06 NC NC NC NC NC NC NC NC NC NC
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.7E+00 3.1E-01 1.8E-01 3.3E-02 6.2E-03 5.5E-01 1.0E-01 NC NC NC 1.1E+00 2.1E-01 1.2E-01 3.5E-05 6.5E-06 NC NC NC NC NC NC NC NC NC NC
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, 2691-41-0 2.4E+00 3.4E-01 2.5E-01 7.8E-03 1.1E-03 7.9E-01 1.1E-01 NC NC NC 1.6E+00 2.2E-01 1.6E-01 1.4E-05 2.0E-06 NC NC NC NC NC NC NC NC NC NC

Notes:
CAS = Chemical Abstract Services
NC = Not Calculated
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
HQ = Hazard Quotient
EPC = Exposure Point Concentration
-- = Refined Mammal BAF is 0; therefore, bioaccumulation of these chemicals not a concern for the red-tailed hawk

Red-tailed HawkRed FoxMeadow Vole Short-tailed Shrew American Robin

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table F.3-1
SLERA Occurence/Distribution - Area B Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS #

Minimum 
Concentration 

(mg/kg)

Maximum 
Concentration 

(mg/kg) Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

TAL Metals
Aluminum 7429-90-5 8,690 22,600 mg/kg 54SB49A 17/17 2.3 - 7.1
Antimony 7440-36-0 0.44 1.9 mg/kg 54SB46A (E) 7/15 0.14 - 0.68
Arsenic 7440-38-2 0.44 5.1 mg/kg 54SB46A (E) 17/17 0.27 - 0.46
Barium 7440-39-3 91.9 241 mg/kg 54SB51A 17/17 0.02 - 0.04
Beryllium 7440-41-7 0.61 1.1 mg/kg 54SB49A 17/17 0.01 - 0.03
Cadmium 7440-43-9 0.05 0.64 mg/kg 54SB46A (E) 3/17 0.03 - 0.07
Calcium 7440-70-2 636 14,900 mg/kg 54SB46A (E) 17/17 1 - 1.9
Chromium 7440-47-3 14.8 41.6 mg/kg 54SB49A 17/17 0.06 - 0.11
Cobalt 7440-48-4 6.1 12.2 mg/kg 54SB49A 17/17 0.06 - 0.11
Copper 7440-50-8 3.3 195 mg/kg 54SB46A (E) 17/17 0.15 - 0.26
Iron 7439-89-6 13,200 35,100 mg/kg 54SB49A 17/17 1.4 - 2.5
Lead 7439-92-1 7.4 3,610 mg/kg 54SB46A (E) 17/17 0.14 - 0.42
Magnesium 7439-95-4 1,120 9,040 mg/kg 54SB46A (E) 17/17 0.65 - 1.5
Manganese 7439-96-5 296 883.5 mg/kg 54SB42A DUP AVG (C) 17/17 0.02 - 0.04
Mercury 7439-97-6 0.02 0.77 mg/kg 54SB46A (E) 17/17 0.018 - 0.031
Nickel 7440-02-0 7 19.3 mg/kg 54SB49A 17/17 0.11 - 0.18
Potassium 7440-09-7 749 2,880 mg/kg 54SB49A 17/17 4.5 - 21.7
Selenium 7782-49-2 0.56 2.6 mg/kg 54SB49A 17/17 0.34 - 0.6
Silver 7440-22-4 0.11 0.11 mg/kg 54SB46A (E) 1/17 0.07 - 0.13
Sodium 7440-23-5 67.6 1,270 mg/kg 54SB49A 16/17 26.6 - 45.5
Vanadium 7440-62-2 23 58.9 mg/kg 54SB49A 17/17 0.07 - 0.13
Zinc 7440-66-6 47.1 555 mg/kg 54SB46A (E) 17/17 0.11 - 0.18
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 7.6E-03 6.0E-02 mg/kg 54SB46A (E) 2/10 0.0004 - 0.00392
alpha-Chlordane 5103-71-9 6.2E-02 6.2E-02 mg/kg 54SB46A (E) 1/10 0.00022 - 0.00305
delta-BHC 319-86-8 6.0E-03 6.0E-03 mg/kg 54SB49A 1/10 0.00015 - 0.00265
Dieldrin 60-57-1 1.1E-02 1.1E-02 mg/kg 54SB46A (E) 1/10 0.00043 - 0.0032
Endrin aldehyde 7421-93-4 4.4E-03 4.4E-03 mg/kg 54SB73A 1/10 0.00035 - 0.00295
Endrin ketone 53494-70-5 7.5E-03 7.5E-03 mg/kg 54SB49A 1/10 0.00039 - 0.00311
gamma-Chlordane 5103-74-2 5.5E-02 5.5E-02 mg/kg 54SB46A (E) 1/10 0.00035 - 0.00311
Heptachlor 76-44-8 1.3E-03 1.3E-03 mg/kg 54SB46A (E) 1/10 0.00034 - 0.00335
Heptachlor epoxide 1024-57-3 5.9E-03 2.1E-02 mg/kg 54SB46A (E) 2/10 0.00026 - 0.00471
Methoxychlor 72-43-5 3.0E-03 3.0E-03 mg/kg 54SB49A 1/10 0.0014 - 0.00634
Aroclor 1254 11097-69-1 1.5E-02 2.8E+00 mg/kg 54SB46A (E) 5/10 0.0072 - 0.073
Aroclor 1260 11096-82-5 2.4E-02 3.8E-01 mg/kg 54SB46A (E) 2/10 0.0053 - 0.0141
TCL SVOCs
Bis(2-ethylhexyl)phthalate 117-81-7 5.0E-02 1.4E+00 mg/kg 54SB46A (E) 10/17 0.032 - 0.032
Di-n-butylphthalate 84-74-2 4.4E-02 1.1E+01 mg/kg 54SB46A (E) 6/17 0.38 - 6
Diethylphthalate 84-66-2 3.6E-02 9.6E+01 mg/kg 54SB46A (E) 9/17 0.38 - 6
Dimethylphthalate 131-11-3 1.2E+00 1.9E+00 mg/kg 54SB46A (E) 2/17 0.38 - 6
N-Nitrosodiphenylamine 86-30-6 1.1E-01 1.8E+00 mg/kg 54SB46A (E) 4/17 0.38 - 6
Dioxin/Furans
Total 2,3,7,8-TCDD TEQ (Mammalian) -- 6.4E-07 1.8E-04 mg/kg 54SB49A 18/18 --
Total 2,3,7,8-TCDD TEQ (Avian) -- 1.3E-08 3.2E-04 mg/kg 54SB49A 18/18 --
PAHs
Acenaphthene 83-32-9 3.4E-02 3.5E+00 mg/kg 54SB43A (F) 5/17 0.0058 - 0.0059
Acenaphthylene 208-96-8 2.4E-01 2.4E-01 mg/kg 54SB49A 1/17 0.0059 - 0.0059
Benzo(a)anthracene 56-55-3 5.6E-03 1.5E-02 mg/kg 54SB49A 3/17 0.0022 - 0.0022
Benzo(a)pyrene 50-32-8 6.9E-03 5.7E-02 mg/kg 54SB49A 3/17 0.0016 - 0.0016
Benzo(b)fluoranthene 205-99-2 5.0E-03 1.0E-01 mg/kg 54SB49A 7/17 0.0017 - 0.0017
Benzo(g,h,i)perylene 191-24-2 6.5E-03 8.4E-02 mg/kg 54SB50A (D) 2/17 0.0036 - 0.0036
Benzo(k)fluoranthene 207-08-9 6.7E-03 3.2E-02 mg/kg 54SB49A 3/17 0.0014 - 0.0036
Chrysene 218-01-9 1.3E-02 4.2E-02 mg/kg 54SB49A 3/17 0.0014 - 0.0024
Dibenz(a,h)anthracene 53-70-3 8.9E-03 8.9E-03 mg/kg 54SB43A (F) 1/17 0.0024 - 0.0042
Fluoranthene 206-44-0 4.3E-03 7.2E-02 mg/kg 54SB49A 8/17 0.0021 - 0.0042
Indeno(1,2,3-cd)pyrene 193-39-5 3.5E-02 3.5E-02 mg/kg 54SB43A (F) 1/17 0.0025 - 0.014
Naphthalene 91-20-3 8.9E-02 8.6E+00 mg/kg 54SB49A 5/17 0.0025 - 0.014
Phenanthrene 85-01-8 2.1E-02 2.5E-02 mg/kg 54SB49A 2/17 0.0085 - 0.0085
Pyrene 129-00-0 1.0E-02 6.5E-02 mg/kg 54SB50A (D) 8/17 0.0043 - 0.0043
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.9E+00 1.9E+00 mg/kg 54SB49A 1/1 0.079 - 0.079
2,4,6-Trinitrotoluene 118-96-7 4.5E-01 8.0E+01 mg/kg 54SB49A 3/17 0.16 - 0.16
2,4-Dinitrotoluene 121-14-2 3.8E-01 1.1E+01 mg/kg 54SB46A (E) 2/17 0.12 - 0.12
2-Amino-4,6-Dinitrotoluene 35572-78-2 9.6E+00 9.6E+00 mg/kg 54SB46A (E) 1/17 0.1 - 0.1
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.4E+01 1.4E+01 mg/kg 54SB46A (E) 1/17 0.095 - 0.095
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 8.2E+00 8.2E+00 mg/kg 54SB49A 1/17 0.28 - 0.28
Nitroglycerin
Nitroglycerin 55-63-0 9.5E+01 4.0E+02 mg/kg 54SB46A (E) 2/17 0.1 - 1
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Table F.3-1
SLERA Occurence/Distribution - Area B Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstracts Service (C) = Re-sampled; Pesticides, PCBs, and Dioxin/Furans analyzed January 2007.
mg/kg = Milligram Per Kilogram (D) = Re-sampled; Dioxin/Furans analyzed January 2007.
TAL = Target Analyte List (E) = Re-sampled; PCBs and PCB Congeners analyzed January 2007.
TCL = Target Compound List (F) = Re-sampled; PCBs, PCB Congeners, and Dioxin/Furans analyzed January 2007.
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound Refer to Table 7-11 for Total 2,3,7,8-TCDD TEQ Calculations
PAH = Polynuclear Aromatic Hydrocarbon

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table F.3-5
Plant Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

TAL Metals
Aluminum 7429-90-5 50 ORNL-Plants
Antimony 7440-36-0 5 ORNL-Plants
Arsenic 7440-38-2 18 ECO SSL
Barium 7440-39-3 500 ORNL-Plants
Beryllium 7440-41-7 10 ORNL-Plants
Cadmium 7440-43-9 32 ECO SSL
Calcium 7440-70-2 4 ORNL-Plants
Chromium 7440-47-3 1 ORNL-Plants
Cobalt 7440-48-4 13 ECO SSL
Copper 7440-50-8 70 ECO SSL
Iron 7439-89-6 NV --
Lead 7439-92-1 120 ECO SSL
Magnesium 7439-95-4 NV --
Manganese 7439-96-5 500 ORNL-Plants
Mercury 7439-97-6 0.3 ORNL-Plants
Nickel 7440-02-0 38 ECO SSL
Potassium 7440-09-7 NV --
Selenium 7782-49-2 1 ORNL-Plants
Silver 7440-22-4 560 ECO SSL
Sodium 7440-23-5 NV --
Vanadium 7440-62-2 2 ORNL-Plants
Zinc 7440-66-6 50 ORNL-Plants
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.1 BTAG - Flora
alpha-Chlordane [1] 5103-71-9 0.1 BTAG - Flora
delta-BHC 319-86-8 100 BTAG - Flora
Dieldrin 60-57-1 0.1 BTAG - Flora
Endrin Aldehyde 7421-93-4 0.1 BTAG - Flora
Endrin Ketone 53494-70-5 0.1 BTAG - Flora
gamma-Chlordane [1] 5103-74-2 0.1 BTAG - Flora
Heptachlor 76-44-8 0.1 BTAG - Flora
Heptachlor Epoxide 1024-57-3 0.1 BTAG - Flora
Methoxychlor 72-43-5 0.1 BTAG - Flora
Aroclor 1254 11097-69-1 NV --
Aroclor 1260 11096-82-5 NV --
TCL SVOCs
Bis(2-ethylhexyl)phthalate 117-81-7 NV --
Di-n-butylphthalate 84-74-2 200 ORNL-Plants
Diethylphthalate 84-66-2 NV --
Dimethylphthalate 131-11-3 NV --
N-Nitrosodiphenylamine 86-30-6 NV --
PAHs
Acenaphthene 83-32-9 0.1 BTAG - Flora
Acenaphthylene 208-96-8 0.1 BTAG - Flora
Benzo(a)anthracene 56-55-3 0.1 BTAG - Flora
Benzo(a)pyrene 50-32-8 0.1 BTAG - Flora
Benzo(b)fluoranthene 205-99-2 0.1 BTAG - Flora
Benzo(g,h,i)perylene 191-24-2 0.1 BTAG - Flora
Benzo(k)fluoranthene 207-08-9 0.1 BTAG - Flora

Chemical CAS #
Screening Level

(mg/kg) Source

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.3-5
Plant Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS #
Screening Level

(mg/kg) Source
Chrysene 218-01-9 0.1 BTAG - Flora
Dibenz(a,h)anthracene 53-70-3 0.1 BTAG - Flora
Fluoranthene 206-44-0 0.1 BTAG - Flora
Indeno(1,2,3-cd)pyrene 193-39-5 0.1 BTAG - Flora
Naphthalene 91-20-3 0.1 BTAG - Flora
Phenanthrene 85-01-8 0.1 BTAG - Flora
Pyrene 129-00-0 0.1 BTAG - Flora
Explosives
1,3,5-Trinitrobenzene 99-35-4 8.6 Kuperman 2003
2,4,6-Trinitrotoluene 118-96-7 2.4 Best et al. 2004
2,4-Dinitrotoluene 121-14-2 5.3 Kuperman 2003
2-Amino-4,6-Dinitrotoluene 355-72-78-2 80 Pennington 1988
4-Amino-2,6-Dinitrotoluene 1946-51-0 80 Pennington 1988
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 100 Simini et al. 1995
Nitroglycerin
Nitroglycerin 55-63-0 NV --

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
USEPA Eco SSL - Soil Invertebrates, Plants, Avian, Mammalian (http://www.epa.gov/ecotox/ecossl)
ORNL - Plants - Toxilogical Benchmarks for Screening Contaminants of Potential Concern for 

 Effects on Terrestrial Plants: 1997 Revision Efroymson et al.)
BTAG - Flora - (Region III Biological Technical Assistance Group - Draft Screening Levels - 1995)
[1] = Chlordane BTAG Screening Level Used
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon
NV = No Value Available
Best, E.P.H., H.E. Tatem, K.N. Geter, M.L. Wells and B.K. Lane.  2004.  Toxicity and Metabolites of 2,4,6

Trinitrotoluene (TNT) in Plants and Worms from Exposure to Aged Soil.  U.S. Army Corps of Engineers,
Engineer Research and Development Center.  ERDC/EL TR-04-18.

Kuperman. R. 2003.  Development of Ecological Toxicity and Biomagnification Data for Explosives Contaminants
in Soil.  U.S. Army Edgewood Chemical Biological Center.  Final Techinical Report.  Project CU-1221.

Pennington, Judith C.  1988.  Plant Uptake of 2,4,6-Trinitrotoluene, 4-Amino-2,6-Dinitrotoluene, and 
2-Amino-4,6-Dinitrotoluene Using 14C-Labeled and Unlabeled Compounds.  ADA203690.

Simini, M., R.S. Wentsel, R.T. Checkai, C.T. Phillips, N.A. Chester, M.A. Major, and J.C. Amos. 1995.  
Evaluation of Soil Toxicity at Joliet Army Ammunition Plant.  Environ. Toxicol. Chem. 14:623-630.

Radford Army Ammunition Plant
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Table F.3-6
Plant Screening - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Inorganics
Aluminum 7429-90-5 22,600 50 4.5E+02 15,708 3.1E+02
Antimony 7440-36-0 1.9 5 3.8E-01 NC NC
Arsenic 7440-38-2 5.1 18 2.8E-01 NC NC
Barium 7440-39-3 241 500 4.8E-01 NC NC
Beryllium 7440-41-7 1.1 10 1.1E-01 NC NC
Cadmium 7440-43-9 0.64 32 2.0E-02 NC NC
Calcium 7440-70-2 14,900 4 3.7E+03 5,942 1.5E+03
Chromium 7440-47-3 41.6 1 4.2E+01 25 2.5E+01
Cobalt 7440-48-4 12.2 13 9.4E-01 NC NC
Copper 7440-50-8 195 70 2.8E+00 58.8 8.4E-01
Iron 7439-89-6 35,100 NV NC NC NC
Lead 7439-92-1 3,610 120 3.0E+01 2,581 2.2E+01
Magnesium 7439-95-4 9,040 NV NC NC NC
Manganese 7439-96-5 883.5 500 1.8E+00 608 1.2E+00
Mercury 7439-97-6 0.77 0.3 2.6E+00 0.291 9.7E-01
Nickel 7440-02-0 19.3 38 5.1E-01 NC NC
Potassium 7440-09-7 2,880 NV NC NC NC
Selenium 7782-49-2 2.6 1 2.6E+00 1.53 1.5E+00
Silver 7440-22-4 0.11 560 2.0E-04 NC NC
Sodium 7440-23-5 1,270 NV NC NC NC
Vanadium 7440-62-2 58.9 2 2.9E+01 39.6 2.0E+01
Zinc 7440-66-6 555 50 1.1E+01 272.3 5.4E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.06 0.1 6.0E-01 NC NC
alpha-Chlordane 5103-71-9 0.062 0.1 6.2E-01 NC NC
delta-BHC 319-86-8 0.006 100 6.0E-05 NC NC
Dieldrin 60-57-1 0.011 0.1 1.1E-01 NC NC
Endrin Aldehyde 7421-93-4 0.0044 0.1 4.4E-02 NC NC
Endrin Ketone 53494-70-5 0.0075 0.1 7.5E-02 NC NC
gamma-Chlordane 5103-74-2 0.055 0.1 5.5E-01 NC NC
Heptachlor 76-44-8 0.0013 0.1 1.3E-02 NC NC
Heptachlor Epoxide 1024-57-3 0.021 0.1 2.1E-01 NC NC
Methoxychlor 72-43-5 0.003 0.1 3.0E-02 NC NC
Aroclor 1254 11097-69-1 2.8 NV NC NC NC
Aroclor 1260 11096-82-5 0.38 NV NC NC NC
TCL SVOCs
Bis(2-ethylhexyl)phthalate 117-81-7 1.4 NV NC NC NC
Di-n-butylphthalate 84-74-2 11 200 5.5E-02 NC NC
Diethylphthalate 84-66-2 96 NV NC NC NC
Dimethylphthalate 131-11-3 1.9 NV NC NC NC
N-Nitrosodiphenylamine 86-30-6 1.8 NV NC NC NC
PAHs
Acenaphthene 83-32-9 3.5 0.1 3.5E+01 1.09 1.1E+01
Acenaphthylene 208-96-8 0.24 0.1 2.4E+00 0.0424 4.2E-01
Benzo(a)anthracene 56-55-3 0.015 0.1 1.5E-01 NC NC
Benzo(a)pyrene 50-32-8 0.057 0.1 5.7E-01 NC NC
Benzo(b)fluoranthene 205-99-2 0.1 0.1 1.0E+00 NC NC
Benzo(g,h,i)perylene 191-24-2 0.084 0.1 8.4E-01 NC NC
Benzo(k)fluoranthene 207-08-9 0.032 0.1 3.2E-01 NC NC
Chrysene 218-01-9 0.042 0.1 4.2E-01 NC NC
Dibenz(a,h)anthracene 53-70-3 0.0089 0.1 8.9E-02 NC NC
Fluoranthene 206-44-0 0.072 0.1 7.2E-01 NC NC
Indeno(1,2,3-cd)pyrene 193-39-5 0.035 0.1 3.5E-01 NC NC
Naphthalene 91-20-3 8.6 0.1 8.6E+01 1.47 1.5E+01

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.3-6
Plant Screening - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Phenanthrene 85-01-8 0.025 0.1 2.5E-01 NC NC
Pyrene 129-00-0 0.065 0.1 6.5E-01 NC NC
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.9 8.6 2.2E-01 NC NC
2,4,6-Trinitrotoluene 118-96-7 80 2.4 3.3E+01 20.26 8.4E+00
2,4-Dinitrotoluene 121-14-2 11 5.3 2.1E+00 9.533 1.8E+00
2-Amino-4,6-Dinitrotoluene 355-72-78-2 9.6 80 1.2E-01 NC NC
4-Amino-2,6-Dinitrotoluene 1946-51-0 14 80 1.8E-01 NC NC
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 8.2 100 8.2E-02 NC NC
Nitroglycerin
Nitroglycerin 55-63-0 400 NV NC NC NC

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon
NV = No Value Available
NC = Not Calculated
Hazard Quotient = Soil Concentration/Screening Level
EPC = Exposure Point Concentration

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.3-7
Invertebrate and Microbial Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

TAL Metals
Aluminum 7429-90-5 NV --
Antimony 7440-36-0 78 ECO SSL
Arsenic 7440-38-2 60 ORNL-Earthworm
Barium 7440-39-3 330 ECO SSL
Beryllium 7440-41-7 40 ECO SSL
Cadmium 7440-43-9 140 ECO SSL
Calcium 7440-70-2 NV --
Chromium 7440-47-3 0.4 ORNL-Earthworm
Cobalt 7440-48-4 200 BTAG - Fauna
Copper 7440-50-8 80 ECO SSL
Iron 7439-89-6 200 ORNL - Microbial
Lead 7439-92-1 1,700 ECO SSL
Magnesium 7439-95-4 NV --
Manganese 7439-96-5 100 ORNL - Microbial
Mercury 7439-97-6 0.1 ORNL-Earthworm
Nickel 7440-02-0 280 ECO SSL
Potassium 7440-09-7 NV --
Selenium 7782-49-2 70 ORNL-Earthworm
Silver 7440-22-4 50 ORNL - Microbial
Sodium 7440-23-5 NV --
Vanadium 7440-62-2 20 ORNL - Microbial
Zinc 7440-66-6 100 ORNL-Earthworm
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.1 BTAG - Fauna
alpha-Chlordane [1] 5103-71-9 0.1 BTAG - Fauna
delta-BHC 319-86-8 NV --
Dieldrin 60-57-1 0.1 BTAG - Fauna
Endrin Aldehyde 7421-93-4 0.1 BTAG - Fauna
Endrin Ketone 53494-70-5 0.1 BTAG - Fauna
gamma-Chlordane [1] 5103-74-2 0.1 BTAG - Fauna
Heptachlor 76-44-8 0.1 BTAG - Fauna
Heptachlor Epoxide 1024-57-3 0.1 BTAG - Fauna
Methoxychlor 72-43-5 0.1 BTAG - Fauna
Aroclor 1254 11097-69-1 NV --
Aroclor 1260 11096-82-5 NV --
TCL SVOCs
Bis(2-ethylhexyl)phthalate 117-81-7 NV --
Di-n-butylphthalate 84-74-2 NV --
Diethylphthalate 84-66-2 NV --
Dimethylphthalate 131-11-3 NV --
N-Nitrosodiphenylamine 86-30-6 NV --
PAHs
Acenaphthene 83-32-9 0.1 BTAG - Fauna
Acenaphthylene 208-96-8 0.1 BTAG - Fauna
Benzo(a)anthracene 56-55-3 0.1 BTAG - Fauna
Benzo(a)pyrene 50-32-8 NV --
Benzo(b)fluoranthene 205-99-2 0.1 BTAG - Fauna

Chemical CAS #
Screening Level

(mg/kg) Source

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.3-7
Invertebrate and Microbial Screening Level Sources - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS #
Screening Level

(mg/kg) Source
Benzo(g,h,i)perylene 191-24-2 0.1 BTAG - Fauna
Benzo(k)fluoranthene 207-08-9 0.1 BTAG - Fauna
Chrysene 218-01-9 0.1 BTAG - Fauna
Dibenz(a,h)anthracene 53-70-3 0.1 BTAG - Fauna
Fluoranthene 206-44-0 0.1 BTAG - Fauna
Indeno(1,2,3-cd)pyrene 193-39-5 0.1 BTAG - Fauna
Naphthalene 91-20-3 0.1 BTAG - Fauna
Phenanthrene 85-01-8 0.1 BTAG - Fauna
Pyrene 129-00-0 0.1 BTAG - Fauna
Explosives
1,3,5-Trinitrobenzene 99-35-4 18.1 Kuperman 2003
2,4,6-Trinitrotoluene 118-96-7 1.2 Best et al. 2004
2,4-Dinitrotoluene 121-14-2 19.8 Kuperman 2003
2-Amino-4,6-Dinitrotoluene 355-72-78-2 NV --
4-Amino-2,6-Dinitrotoluene 1946-51-0 NV --
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 98.6 Kuperman 2003
Nitroglycerin
Nitroglycerin 55-63-0 NV --

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
USEPA Eco SSL - Soil Invertebrates, Plants, Avian, Mammalian (http://www.epa.gov/ecotox/ecossl)
ORNL - Earthworms - (Toxilogical Benchmarks for Contaminants of Potential Concern for Effects on 

Soil and Litter Invertebrates and Heterotrophic Process:  1997 Revision, Efroymson et al.)
ORNL - Microbial Processes - (Toxilogical Benchmarks for Contaminants of Potential Concern

for Effects on Soil and Litter Invertebrates and Heterotrophic Process:  1997 Revision, Efroymson et al.)
BTAG - Fauna - (Region III Biological Technical Assistance Group - Draft Screening Levels - 1995)
[1] = Chlordane BTAG Screening Level Used
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon
NV = No Value Available
Best, E.P.H., H.E. Tatem, K.N. Geter, M.L. Wells and B.K. Lane.  2004.  Toxicity and Metabolites of 2,4,6

Trinitrotoluene (TNT) in Plants and Worms from Exposure to Aged Soil.  U.S. Army Corps of Engineers,
Engineer Research and Development Center.  ERDC/EL TR-04-18.

Kuperman. R. 2003.  Development of Ecological Toxicity and Biomagnification Data for Explosives Contaminants
in Soil.  U.S. Army Edgewood Chemical Biological Center.  Final Techinical Report.  Project CU-1221.

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.3-8
Invertebrate and Microbial Screening - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Inorganics
Aluminum 7429-90-5 22,600 NV NC NC NC
Antimony 7440-36-0 1.9 78 2.4E-02 NC NC
Arsenic 7440-38-2 5.1 60 8.5E-02 NC NC
Barium 7440-39-3 241 330 7.3E-01 NC NC
Beryllium 7440-41-7 1.1 40 2.8E-02 NC NC
Cadmium 7440-43-9 0.64 140 4.6E-03 NC NC
Calcium 7440-70-2 14,900 NV NC NC NC
Chromium 7440-47-3 41.6 0.4 1.0E+02 25 6.3E+01
Cobalt 7440-48-4 12.2 200 6.1E-02 NC NC
Copper 7440-50-8 195 80 2.4E+00 58.8 7.4E-01
Iron 7439-89-6 35,100 200 1.8E+02 23,141 1.2E+02
Lead 7439-92-1 3,610 1,700 2.1E+00 2,581 1.5E+00
Magnesium 7439-95-4 9,040 NV NC NC NC
Manganese 7439-96-5 883.5 100 8.8E+00 608 6.1E+00
Mercury 7439-97-6 0.77 0.1 7.7E+00 0.291 2.9E+00
Nickel 7440-02-0 19.3 280 6.9E-02 NC NC
Potassium 7440-09-7 2,880 NV NC NC NC
Selenium 7782-49-2 2.6 70 3.7E-02 NC NC
Silver 7440-22-4 0.11 50 2.2E-03 NC NC
Sodium 7440-23-5 1,270 NV NC NC NC
Vanadium 7440-62-2 58.9 20 2.9E+00 39.6 2.0E+00
Zinc 7440-66-6 555 100 5.6E+00 272.3 2.7E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 0.06 0.1 6.0E-01 NC NC
alpha-Chlordane 5103-71-9 0.062 0.1 6.2E-01 NC NC
delta-BHC 319-86-8 0.006 NV NC NC NC
Dieldrin 60-57-1 0.011 0.1 1.1E-01 NC NC
Endrin Aldehyde 7421-93-4 0.0044 0.1 4.4E-02 NC NC
Endrin Ketone 53494-70-5 0.0075 0.1 7.5E-02 NC NC
gamma-Chlordane 5103-74-2 0.055 0.1 5.5E-01 NC NC
Heptachlor 76-44-8 0.0013 0.1 1.3E-02 NC NC
Heptachlor Epoxide 1024-57-3 0.021 0.1 2.1E-01 NC NC
Methoxychlor 72-43-5 0.003 0.1 3.0E-02 NC NC
Aroclor 1254 11097-69-1 2.8 NV NC NC NC
Aroclor 1260 11096-82-5 0.38 NV NC NC NC
TCL SVOCs
Bis(2-ethylhexyl)phthalate 117-81-7 1.4 NV NC NC NC
Di-n-butylphthalate 84-74-2 11 NV NC NC NC
Diethylphthalate 84-66-2 96 NV NC NC NC
Dimethylphthalate 131-11-3 1.9 NV NC NC NC
N-Nitrosodiphenylamine 86-30-6 1.8 NV NC NC NC
PAHs
Acenaphthene 83-32-9 3.5 0.1 3.5E+01 1.09 1.1E+01
Acenaphthylene 208-96-8 0.24 0.1 2.4E+00 0.0424 4.2E-01
Benzo(a)anthracene 56-55-3 0.015 0.1 1.5E-01 NC NC
Benzo(a)pyrene 50-32-8 0.057 NV NC NC NC
Benzo(b)fluoranthene 205-99-2 0.1 0.1 1.0E+00 NC NC
Benzo(g,h,i)perylene 191-24-2 0.084 0.1 8.4E-01 NC NC
Benzo(k)fluoranthene 207-08-9 0.032 0.1 3.2E-01 NC NC
Chrysene 218-01-9 0.042 0.1 4.2E-01 NC NC
Dibenz(a,h)anthracene 53-70-3 0.0089 0.1 8.9E-02 NC NC
Fluoranthene 206-44-0 0.072 0.1 7.2E-01 NC NC
Indeno(1,2,3-cd)pyrene 193-39-5 0.035 0.1 3.5E-01 NC NC
Naphthalene 91-20-3 8.6 0.1 8.6E+01 1.47 1.5E+01
Phenanthrene 85-01-8 0.025 0.1 2.5E-01 NC NC

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table F.3-8
Invertebrate and Microbial Screening - Soil

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Maximum EPC
Constituent of Soil Screening Hazard Hazard
Potential Ecological Concentration Level Quotient EPC Quotient
Concern CAS # (mg/kg) (mg/kg) (unitless) (mg/kg) (unitless)
Pyrene 129-00-0 0.065 0.1 6.5E-01 NC NC
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.9 18.1 1.0E-01 NC NC
2,4,6-Trinitrotoluene 118-96-7 80 1.2 6.7E+01 20.26 1.7E+01
2,4-Dinitrotoluene 121-14-2 11 19.8 5.6E-01 NC NC
2-Amino-4,6-Dinitrotoluene 355-72-78-2 9.6 NV NC NC NC
4-Amino-2,6-Dinitrotoluene 1946-51-0 14 NV NC NC NC
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 8.2 98.6 8.3E-02 NC NC
Nitroglycerin
Nitroglycerin 55-63-0 400 NV NC NC NC

Notes:
CAS = Chemical Abstract Service
mg/kg = Milligram per Kilogram
PCB = Polychlorinated Biphenyl
SVOC = Semivolatile Organic Compound
PAH = Polynuclear Aromatic Hydrocarbon
NV = No Value Available
NC = Not Calculated
Hazard Quotient = Soil Concentration/Screening Level
EPC = Exposure Point Concentration

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table F.3-9
Wildlife Profiles

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Minimum Body 
Weight 1

Maximum 
Body Weight 1

Maximum Food 
Ingestion Rate2

Average Body 
Weight 1

Average Food 
Ingestion Rate 2

Average Substrate 
Ingestion Rate 3

AUFs

Food-web 
Classification

Common
Name

Scientific
Name

Plants (incl. 
fungi)

Inverte-
brates

Small 
mammals Fish kg kg kg dw/day % of dry 

intake
kg dry 
wt./day kg kg dw/day kg dry wt./day Study Area (0.67) 

hectares

Birds

soil-probing invertivore American 
robin Turdus migratorius 62% 38% 0.0635 0.103 0.020 5% 0.001 0.077 0.016 0.0008 0.48 1 1.00

large carnivore Red-tailed 
hawk Buteo jamaicensis 100% 0.957 1.235 0.063 0% 0 1.134 0.059 0 250 1 0.0027

Mammals

small herbivore Meadow vole Microtus 
pennsylvanicus 100% 0.017 0.0524 0.010 2.4% 0.00024 0.037 0.008 0.00019 0.037 1 1

medium carnivore Red fox Vulpes vulpes 17% 4% 79% 2.95 7.04 0.342 2.8% 0.0096 4.53 0.238 0.0067 96 1 0.0070

small invertivore Short-tailed 
shrew Blarina brevicauda 14% 86% 0.0125 0.0225 0.003 13% 0.00039 0.015 0.002 0.00026 0.39 1 1.00

Notes:
kg = Kilogram
kg dw/day = Kilogram Dry-weight per Day
L/day = Liter per Day

1Wildlife Exposure Factors Handbook. U.S. Environmental Protection Agency (EPA). 1993.  Office of Research and Development. 2 Volumes.  EPA/600/R93/187a&b. December.
2 Estimated food intake rate (kg [dw]/day) calculated as follows:

FI ((kg/day) = 0.0687 Wt.0.882 for mammals (red fox and short-tailed shrew)
FI ((g/day) = 0.577 Wt.0.727 for herbivores (meadow vole)
FI ((g/day) = 0.301 Wt.0.751 for non-passerine birds (red-tailed hawk)
FI ((g/day) = 0.398 Wt.0.850 for passerine birds (american robin)

3Estimating Exposure to Terrestrial Wildlife to Contaminants. Sample and Sutter. 1994. ES/ER/TM-125.
The soil ingestion rate for the american robin set equal to 38% of the american woodcock value (0.34*10.4%=4%), based on a robin diet of 38% invertbrates.

Representative Species

Preliminary Assessment

Proportion of 
Year Species 

Active

Composition of Diet 1 (%)
Home Range 

(ha)

Maximum Substrate 
Ingestion Rate 3

Refined Assessment

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Table F.3-10
Wildlife TRVs and Sources

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Chronic
LOAEL

Chronic
NOAEL

Arsenic 7440-38-2 1.28E+01 5.14E+00 mallard duck ORNL 1996 1.26 0.126 mouse 0.03 ORNL 1996 1.28E+01 5.14E+00 1.28E+01 5.14E+00 1.20E+00 1.20E-01 3.59E-01 3.59E-02 1.50E+00 1.50E-01
Cadmium 7440-43-9 2.00E+01 1.45E+00 mallard duck ORNL 1996 10 1 rat 0.3 ORNL 1996 2.00E+01 1.45E+00 2.00E+01 1.45E+00 1.69E+01 1.69E+00 5.07E+00 5.07E-01 2.11E+01 2.11E+00
Chromium 7440-47-3 5.00E+00 1.00E+00 black duck ORNL 1996 32.8 3.28 rat 0.35 ORNL 1996 5.00E+00 1.00E+00 5.00E+00 1.00E+00 5.75E+01 5.75E+00 1.73E+01 1.73E+00 7.21E+01 7.21E+00
Copper 7440-50-8 6.17E+01 4.70E+01 1 day old chicks ORNL 1996 15.4 11.7 mink 1 ORNL 1996 6.17E+01 4.70E+01 6.17E+01 4.70E+01 3.51E+01 2.67E+01 1.06E+01 8.02E+00 4.40E+01 3.34E+01
Lead 7439-92-1 1.13E+01 1.13E+00 Japanese quail ORNL 1996 80 8 rat 0.35 ORNL 1996 1.13E+01 1.13E+00 1.13E+01 1.13E+00 1.40E+02 1.40E+01 4.22E+01 4.22E+00 1.76E+02 1.76E+01
Mercury 7439-97-6 9.00E-01 4.50E-01 Japanese Quail ORNL 1996 132 13.2 mink 1 ORNL 1996 9.00E-01 4.50E-01 9.00E-01 4.50E-01 3.01E+02 3.01E+01 9.05E+01 9.05E+00 3.77E+02 3.77E+01
Nickel 7440-02-0 1.07E+02 7.74E+01 mallard duckling ORNL 1996 80 40 rat 0.35 ORNL 1996 1.07E+02 7.74E+01 1.07E+02 7.74E+01 1.40E+02 7.01E+01 4.22E+01 2.11E+01 1.76E+02 8.79E+01
Selenium 7782-49-2 8.00E-01 4.00E-01 mallard duck ORNL 1996 0.33 0.2 rat 0.35 ORNL 1996 8.00E-01 4.00E-01 8.00E-01 4.00E-01 5.79E-01 3.51E-01 1.74E-01 1.05E-01 7.25E-01 4.40E-01
Silver 7440-22-4 1.24E+02 1.66E+01 turkey Matuk et al. 1981 222 22.2 rat 0.35 Matuk et al. 1981 1.24E+02 1.66E+01 1.24E+02 1.66E+01 3.89E+02 3.89E+01 1.17E+02 1.17E+01 4.88E+02 4.88E+01
Zinc 7440-66-6 1.31E+02 1.45E+01 white leghorn hen ORNL 1996 320 160 rat 0.35 ORNL 1996 1.31E+02 1.45E+01 1.31E+02 1.45E+01 5.61E+02 2.81E+02 1.69E+02 8.44E+01 7.03E+02 3.52E+02
PAHS

Acenaphthene 83-32-9 5.05E+00 1.01E+00 red-winged 
blackbird USACE 1998 87.5 17.5 mouse 0.03 USACE 1998 5.05E+00 1.01E+00 5.05E+00 1.01E+00 8.30E+01 1.66E+01 2.50E+01 4.99E+00 1.04E+02 2.08E+01

Acenaphthylene 208-96-8 -- -- -- USACE 1998 500 100 rat 0.35 USACE 1998 NV NV NV NV 8.77E+02 1.75E+02 2.64E+02 5.27E+01 1.10E+03 2.20E+02
Benzo(a)anthracene 56-55-3 -- -- -- USACE 1998 2 0.2 rodents 0.165 USACE 1998 NV NV NV NV 2.91E+00 2.91E-01 8.74E-01 8.74E-02 3.64E+00 3.64E-01
Benzo(a)pyrene 50-32-8 2.50E+00 5.00E-01 duck ORNL 1996 10 1 mouse 0.03 ORNL 1996 2.50E+00 5.00E-01 2.50E+00 5.00E-01 9.49E+00 9.49E-01 2.85E+00 2.85E-01 1.19E+01 1.19E+00
Benzo(b)fluoranthene 205-99-2 -- -- -- ORNL 1996 10 1 mouse 0.03 ORNL 1996 NV NV NV NV 9.49E+00 9.49E-01 2.85E+00 2.85E-01 1.19E+01 1.19E+00
Benzo(g,h,i)perylene 191-24-2 -- -- -- USACE 1998 2.5 0.5 mouse 0.03 USACE 1998 NV NV NV NV 2.37E+00 4.74E-01 7.13E-01 1.43E-01 2.97E+00 5.95E-01
Benzo(k)fluoranthene 207-08-9 -- -- -- USACE 1998 72 7.2 rodents 0.165 USACE 1998 NV NV NV NV 1.05E+02 1.05E+01 3.15E+01 3.15E+00 1.31E+02 1.31E+01
Chrysene 218-01-9 -- -- -- USACE 1998 99 9.9 rodents 0.165 USACE 1998 NV NV NV NV 1.44E+02 1.44E+01 4.32E+01 4.32E+00 1.80E+02 1.80E+01
Dibenzo(a,h)anthracene 53-70-3 -- -- -- USACE 1998 13.33 1.333 rodents 0.165 USACE 1998 NV NV NV NV 1.94E+01 1.94E+00 5.82E+00 5.82E-01 2.43E+01 2.43E+00
Fluoranthene 206-44-0 -- -- -- USACE 1998 100 20 rodents 0.165 USACE 1998 NV NV NV NV 1.45E+02 2.91E+01 4.37E+01 8.74E+00 1.82E+02 3.64E+01
Indeno(1,2,3-cd)pyrene 193-39-5 -- -- -- USACE 1998 72 7.2 rodents 0.165 USACE 1998 NV NV NV NV 1.05E+02 1.05E+01 3.15E+01 3.15E+00 1.31E+02 1.31E+01

Phenanthrene 85-01-8 5.65E+00 1.13E+00 red-winged 
blackbird USACE 1998 35 7 mouse 0.03 USACE 1998 5.65E+00 1.13E+00 5.65E+00 1.13E+00 3.32E+01 6.64E+00 9.98E+00 2.00E+00 4.16E+01 8.32E+00

Pyrene 129-00-0 -- -- -- USACE 1998 40 8 mouse 0.03 USACE 1998 NV NV NV NV 3.80E+01 7.59E+00 1.14E+01 2.28E+00 4.76E+01 9.51E+00
Pesticides

4,4'-DDE 72-55-9 5.80E-01 5.80E-02 mallard duck Kornbrust et al. 
1986 230 23 rat 0.35 Kornbrust et al. 

1986 5.80E-01 5.80E-02 5.80E-01 5.80E-02 4.03E+02 4.03E+01 1.21E+02 1.21E+01 5.06E+02 5.06E+01

alpha-Chlordane 5103-71-9 1.07E+01 2.14E+00 red-winged 
blackbird Chlordane Value 3.9 0.39 mouse 0.03 ATSDR 1994 1.07E+01 2.14E+00 1.07E+01 2.14E+00 3.70E+00 3.70E-01 1.11E+00 1.11E-01 4.64E+00 4.64E-01

delta-BHC 319-86-8 2.25E+00 5.60E-01 Japanese quail ORNL 1996 0.14 0.014 mink 1 ORNL 1996 2.25E+00 5.60E-01 2.25E+00 5.60E-01 3.19E-01 3.19E-02 9.60E-02 9.60E-03 4.00E-01 4.00E-02
Dieldrin 60-57-1 7.70E-01 7.70E-02 barn owl ORNL 1996 0.2 0.02 rat 0.35 ORNL 1996 7.70E-01 7.70E-02 7.70E-01 7.70E-02 3.51E-01 3.51E-02 1.05E-01 1.05E-02 4.40E-01 4.40E-02
Endrin aldehyde 7421-93-4 1.70E-01 2.80E-02 mallard duck Endrin Value 0.92 0.092 mouse 0.03 Endrin Value 1.70E-01 2.80E-02 1.70E-01 2.80E-02 8.73E-01 8.73E-02 2.62E-01 2.62E-02 1.09E+00 1.09E-01
Endrin ketone 53494-70-5 1.70E-01 2.80E-02 mallard duck Endrin Value 0.92 0.092 mouse 0.03 Endrin Value 1.70E-01 2.80E-02 1.70E-01 2.80E-02 8.73E-01 8.73E-02 2.62E-01 2.62E-02 1.09E+00 1.09E-01

gamma-Chlordane 5103-74-2 1.06E+01 2.14E+00 red-winged 
blackbird Chlordane Value 3.9 0.39 mouse 0.03 ATSDR 1994 1.06E+01 2.14E+00 1.06E+01 2.14E+00 3.70E+00 3.70E-01 1.11E+00 1.11E-01 4.64E+00 4.64E-01

Heptachlor epoxide 1024-57-3 4.95E+00 9.90E-01 Japanese quail USACE 1998 0.25 0.025 rat 0.35 USACE 1998 4.95E+00 9.90E-01 4.95E+00 9.90E-01 4.38E-01 4.38E-02 1.32E-01 1.32E-02 5.49E-01 5.49E-02
Methoxychlor 72-43-5 1.45E+02 1.45E+01 adult chicken ORNL 1996 8 4 rat 0.35 ORNL 1996 1.45E+02 1.45E+01 1.45E+02 1.45E+01 1.40E+01 7.01E+00 4.22E+00 2.11E+00 1.76E+01 8.79E+00
PCBs
Aroclor 1254 11097-69-1 4.10E+00 4.10E-01 screech owl Aroclor 1242 Value 0.68 0.068 oldfield mouse 0.03 ORNL 1996 4.10E+00 4.10E-01 4.10E+00 4.10E-01 6.45E-01 6.45E-02 1.94E-01 1.94E-02 8.09E-01 8.09E-02
Aroclor 1260 11096-82-5 4.10E+00 4.10E-01 screech owl Aroclor 1242 Value 0.68 0.068 oldfield mouse 0.03 ORNL 1996 4.10E+00 4.10E-01 4.10E+00 4.10E-01 6.45E-01 6.45E-02 1.94E-01 1.94E-02 8.09E-01 8.09E-02
Explosives
1,3,5-Trinitrobenzene4 99-35-4 -- -- -- -- 13.31 2.68 Rat 0.325 USCHPPM 2001a NV NV NV NV 2.29E+01 4.61E+00 6.89E+00 1.39E+00 2.87E+01 5.78E+00

2,4,6-Trinitrotoluene5,7 118-96-7 1.8 0.07 Northern Bobwhite USCHPPM 2001b 8 2 Dog (beagle) 14 USCHPM 2001b 
(Levine et al. 1990) 1.80E+00 7.00E-02 1.80E+00 7.00E-02 3.53E+01 8.82E+00 1.06E+01 2.65E+00 4.42E+01 1.11E+01

2,4-Dinitrotoluene1 121-14-2 1.25 0.1 Northern Bobwhite Johnson et al. 
2005a -- -- -- -- -- 1.25E+00 1.00E-01 1.25E+00 1.00E-01 NV NV NV NV NV NV

2-Amino-4,6-dinitrotoluene4 355-72-78-2 -- -- -- -- 48 9 Rat 0.325 USCHPPM 2005 NV NV NV NV 8.26E+01 1.55E+01 2.48E+01 4.66E+00 1.04E+02 1.94E+01
4-Amino-2,6-dinitrotoluene4 1946-51-0 -- -- -- -- 48 9 Rat 0.325 USCHPPM 2005 NV NV NV NV 8.26E+01 1.55E+01 2.48E+01 4.66E+00 1.04E+02 1.94E+01

RDX3,4,5 121-82-4 26 2.6 Northern Bobwhite USCHPPM 2002 
(Gogal et al. 2001) 39.8 8 Rat 0.325 USCHPPM 2002 

(Levine et al. 1983) 2.60E+01 2.60E+00 2.60E+01 2.60E+00 6.85E+01 1.38E+01 2.06E+01 4.14E+00 8.59E+01 1.73E+01

Nitroglycerin4 55-63-0 -- -- -- -- 32 3 Rat 0.325 USCHPPM 2007 NV NV NV NV 5.51E+01 5.16E+00 1.66E+01 1.55E+00 6.90E+01 6.47E+00
Dioxin/Furans

2,3,7,8-TCDD 1746-01-6 1.40E-04 1.40E-05 ring-necked 
pheasant ORNL 1996 0.00001 0.000001 mouse 0.03 ORNL 1996 1.40E-04 1.40E-05 1.40E-04 1.40E-05 9.49E-06 9.49E-07 2.85E-06 2.85E-07 1.19E-05 1.19E-06

American Robin Red-tailed Hawk
AVIAN RECEPTORS

(mg/kg-bw/d)

MAMMALIAN TEST SPECIES

(mg/kg-bw/d) (mg/kg-bw/d) (mg/kg-bw/d)
Test Animal Source Test Animal

(mg/kg-bw/d)

Short-tailed Shrew
MAMMALIAN RECEPTORS

CAS # 

(mg/kg-bw/d) (mg/kg-bw/d)

Meadow Vole Red Fox

Source
Test Animal 
Body Weight 

(kg)

AVIAN TEST SPECIES
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Table F.3-10
Wildlife TRVs and Sources

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstract Service Sources:
TRV = Toxic Reference Value ATSDR 1994.  ATSDR. 1994. Toxicological profile for Chlordane Atlanta, GA: U.S. Department of Health and Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry.
NOAEL = No observable adverse effects level Gogal et al. 2001.  Gogal, R.M., Jr. 2001.  Influence of feed exposure to RDX on Northern Bobwhite (Colinus virginanus ) Avian Toxicology Study Nos. 031700G and 031300G (draft).  Avian Immunotoxicity
LOAEL = Lowest observable adverse effects level Risk Assessment Laboratory, Virginia-Maryland Regional College of Veterinary Medicine, Virginia Polytechnic Institute and State University, Blacksburg, VA.
mg/kg = Milligram Per Kilogram Johnson et al 2005a.  Johnson, M.S., M.W. Michie, M.A. Bazar, and R.M. Gogal Jr.  2005a.  Influence of Oral 2,4-Dinitrotoluene Exposure to the Northern Bobwhite (Colinus virginianus).  Intern. J. of Tox. 24:265-274.
bw/d = Body Weight Per Day Kornbrust et al. 1986.  Kornbrust, D. et al. (1986), “Effects of 1,1-dichloro-2,2-bis[p-chlorophenyl]ethylene (DDE) on lactation in rats”, Journal of Toxicology and Environmental Health 17(1):23-36.
kg = kilogram Levine et al. 1990.  Levine, B.S., J.S. Rust, J.J. Barkley, E.M. Furedi, and P.M. Lish.  1990.  Six-month oral toxicity study of trinitrotoluene in beagle dogs.  Toxicology 63:233-244.
PAH = Polynuclear Aromatic Hydrocarbon Levine et al. 1983.  Levine, B.S., E.M. Furedi, V.S Rac, D.E. Gordon, and P.M. Lish.  1983.  Determination of the chronic mammalian toxicological effects of RDX:  Twenty-four month chronic toxicity/carcinogenicity study of 
PCB = Polychlorinated Biphenyl hexahydro-1,3,5-trinitro-1,3,5-trazine (RDX) in the Fischer 344 rat.  AD A160774.  Prepared by ITT Research Institute, Chicago, IL, for the U.S. Army Medical Research and Development Command, Fredrick, MD.
USACE = U.S. Army Corps of Engineers Matuk et al. 1981.  Matuk, Y., M. Gosh and C. McCulloch. 1981. Distribution of silver in the eyes and plasma proteins of the albino rat. Can. J. Ophthalmol. 16: 145-150. (Cited in ATSDR, 1990)
ORNL = Oak Ridge National Laboratory ORNL 1996.  Sample, B.E., D.M. Opresko and G.W. Suter II. 1996. Toxicological Benchmarks for Wildlife:  1996 Revision. ES/ER/TM-86/R3. Oak Ridge National Laboratory, Oak Ridge, Tennessee.
LD50 = Lethal Dose for 50% of test organisms USACE 1998.  U.S. Army Corps of Engineers (USACE). 1998. Final Ecological Risk Assessment, RCRA Facility Investigation, for Sunflower Army Ammunition Plant, De Soto, Kansas. USACE Kansas City District.
NOAEL and LOAEL values were derived from acute values by applying an uncertainty factor of 150. USCHPPM 2007.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2007, Wildlife Toxicity Assessment for Nitroglycerine (NG).  USACHPPM Document No: 37-EJ-1138-01F. November.

USCHPPM 2005.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2005, Wildlife Toxicity Assessment for 2-Amino-4,6-Dinitrotoluene and 4-Amino-2,6-Dinitrotoluene.  USACHPPM Document No: 39-EJ-1138-01D. December.
USCHPPM 2002.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2002, Wildlife Toxicity Assessment for 1,3,5-Trinitrohexahydro-1,3,5-Triazine (RDX).  USACHPPM Document No: 39-EJ-1138-01H. July.
USCHPPM 2001a.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2001a, Wildlife Toxicity Assessment for 1,3,5-Trinitrobenzene (1,3,5-TNB).  USACHPPM Document No: 39-EJ-1138-01B. November.
USCHPPM 2001b.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2001b, Wildlife Toxicity Assessment for 2,4,6-Trinitrotoluene (TNT).  USACHPPM Document No: 39-EJ-1138-00. November.
USCHPPM 2001c.  U.S. Army Center for Health Promotion and Preventive Medicine (USCHPPM) 2001c, Wildlife Toxicity Assessment for High Melting Explosive (HMX).  USACHPPM Document No: 39-EJ-1138-01E. November.
U.S. EPA 1993.  Wildlife Exposure Factors Handbook.  EPA/600/P-93/187a.
U.S. EPA 1988. Recommendations for and documentation of biological values for use in risk assessment. Environmental Criteria and Assessment Office. Cincinnati, OH. EPA/600/6-87/008.

1 - Avian TRVs derived from subchronic NOAEL value of 1 and subchronic LOAEL value of 5 from a northern bobwhite and applying an uncertainty factor of 10 and 4 to derive NOAEL-based and LOAEL-based TRVs.
2 - Used 2,4-dinitrotoluene avian TRVs as surrogate.
3 - Avian chronic 
4- Mature rat body weight (average male & female) = 0.325 kg (U.S. EPA, 1988).
5- Mature Bobwhite Body Weight (seasonal average) = 0.191 kg (U.S. EPA, 1993).
6- Mature mouse body weight (female) = 0.035 kg (U.S.EPA, 1988).
7- Mature dog body weight (average male & female) = 14 kg  (U.S. EPA, 1988).
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Table F.3-11
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Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS Selected Kow Source BAF Basis
Cs EPC 
(mg/kg) BAF[1] Basis Source

Inorganics
ARSENIC 7440-38-2 -- - -- -- -- 1.103 90th percentile 2.08 0.0375 Median Bechtel Jacobs 1998
CADMIUM 7440-43-9 -- - -- -- -- 3.25 90th percentile 0.18 1.3512 Cp = e(0.546*ln(Cs) - 0.475) Bechtel Jacobs 1998
CHROMIUM 7440-47-3 -- - -- -- -- 0.084 90th percentile 25.00 0.0410 Median Bechtel Jacobs 1998
COPPER 7440-50-8 -- - -- -- -- 0.625 90th percentile 58.80 0.1651 Cp = e(0.394*ln(Cs) + 0.668) Bechtel Jacobs 1998
LEAD 7439-92-1 -- - -- -- -- 0.468 90th percentile 2581.00 0.0084 Cp = e(0.561*ln(Cs) - 1.328) Bechtel Jacobs 1998
MERCURY 7439-97-6 -- - -- -- -- 5.0 90th percentile 0.29 0.6491 Cp = e(0.544*ln(Cs) - 0.995) Bechtel Jacobs 1998
NICKEL 7440-02-0 -- - -- -- -- 1.411 90th percentile NC NC Cp = e(0.748*ln(Cs) + 2.223) Bechtel Jacobs 1998
SELENIUM 7782-49-2 -- - -- -- -- 3.012 90th percentile 1.53 0.5311 Cp = e(1.104*ln(Cs) - 0.677) Bechtel Jacobs 1998
SILVER 7440-22-4 -- - -- -- -- 0.037 90th percentile NC 0.0140 Median Bechtel Jacobs 1998
ZINC 7440-66-6 -- - -- -- -- 1.82 90th percentile 272.00 0.3965 Cp = e(0.554*ln(Cs) + 1.575) Bechtel Jacobs 1998
Pesticides
4,4'-DDE 72-55-9 5.63 - 6.96 6.76 USEPA 1995 0.08 Maximum 0.06 0.1628 Cp = e(0.752*ln(Cs) - 2.512) USEPA 2005
ALPHA-CHLORDANE 5103-71-9 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 0.0086 Kow Regression Eq. Travis and Arms 1988
DELTA-BHC 319-86-8 -- - -- 4.1 USEPA 1996 1 Default Value NC 0.1653 Kow Regression Eq. Travis and Arms 1988
DIELDRIN 60-57-1 3.63 - 6.2 5.37 USEPA 1995 1 Default Value 0.00432 0.41 Median USEPA 2005
ENDRIN KETONE 53494-70-5 -- - -- -- -- 1 Default Value NC 0.0461 Endrin as Surrogate --
GAMMA-CHLORDANE 5103-74-2 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 0.0086 Kow Regression Eq. Travis and Arms 1988
HEPTACHLOR 76-44-8 4.93 - 6.26 6.26 USEPA 1995 1 Default Value NC 0.0093 Kow Regression Eq. Travis and Arms 1988
HEPTACHLOR EPOXIDE 1024-57-3 3.5 - 5.4 5 USEPA 1995 1 Default Value 0.01 0.0499 Kow Regression Eq. Travis and Arms 1988
METHOXYCHLOR 72-43-5 4.2 - 5.6 5.08 USEPA 1995 1 Default Value NC 0.0448 Kow Regression Eq. Travis and Arms 1988
PCBs
AROCLOR-1254 11097-69-1 -- - -- 6.5 Jones et al. 1997 0.0068 Kow Regression Eq. 0.86 0.0068 Kow Regression Eq. Travis and Arms 1988
AROCLOR-1260 11096-82-5 -- - -- 6.8 Jones et al. 1997 0.0045 Kow Regression Eq. 0.36 0.0045 Kow Regression Eq. Travis and Arms 1988
VOCs and SVOCs
ACENAPHTHENE 83-32-9 3.77 - 4.49 3.92 USEPA 1995 4.6 Anthracene as Surrogate 1.09 0.0033 Cp = e(-0.8556*ln(Cs) - 5.562) USEPA 2005
ACENAPHTHYLENE 208-96-8 -- - -- 4.1 USEPA 1995 4.6 Anthracene as Surrogate 0.04 0.6167 Cp = e(0.791*ln(Cs) - 1.144) USEPA 2005
BENZO(A)ANTHRACENE 56-55-3 5.61 - 5.79 5.7 USEPA 1995 0.54 Maximum NC NC Cp = e(0.5944*ln(Cs) - 2.708) USEPA 2005
BENZO(A)PYRENE 50-32-8 5.98 - 6.34 6.11 USEPA 1995 3.3 Maximum 0.02 0.1403 Cp = e(0.975*ln(Cs) - 2.0615) USEPA 2005
BENZO(B)FLUORANTHENE 205-99-2 5.79 - 6.4 6.2 USEPA 1995 0.48 Maximum NC 0.31 Median BAF USEPA 2005
BENZO(G,H,I)PERYLENE 191-24-2 6.58 - 7.05 6.7 USEPA 1995 1.6 Maximum NC NC Cp = e(1.183*ln(Cs) - 0.931) USEPA 2005
BENZO(K)FLUORANTHENE 207-08-9 6.12 - 6.27 6.2 USEPA 1995 1.0 Maximum NC NC Cp = e(0.860*ln(Cs) - 2.158) USEPA 2005
CHRYSENE 218-01-9 5.41 - 5.79 5.7 USEPA 1995 1.05 Maximum NC NC Cp = e(0.594*ln(Cs) - 2.708) USEPA 2005
DIBENZO(A,H)ANTHRACENE 53-70-3 6.5 - 6.88 6.69 USEPA 1995 0.23 Maximum NC 0.13 Median BAF USEPA 2005
FLUORANTHENE 206-44-0 4.84 - 5.39 5.12 USEPA 1995 6.0 Maximum NC 0.50 Median BAF USEPA 2005
INDENO(1,2,3-CD)PYRENE 193-39-5 6.58 - 6.72 6.65 USEPA 1995 0.15 Maximum NC 0.11 Median BAF USEPA 2005
PHENANTHRENE 85-01-8 4.37 - 4.57 4.55 USEPA 1995 11 Maximum NC NC Cp = e(0.620*ln(Cs) - 0.167) USEPA 2005
PYRENE 129-00-0 4.76 - 5.52 5.11 USEPA 1995 3.7 Maximum NC 0.72 Median BAF USEPA 2005
Explosives
1,3,5-TNB 99-35-4 -- - -- 1.6 SRC 8.46 TNT as surrogate 1.9 4.23 TNT as surrogate --
2,4-DNT 121-14-2 -- - -- 1.6 SRC 8.46 TNT as surrogate 9.533 4.23 TNT as surrogate --
2,4,6-TNT 118-96-7 -- - -- 1.6 SRC 8.46 Maximum 20.26 4.23 Median BAF USEPA 2005
2-AMINO-4,6-DINITROTOLUENE 355-72-78-2 -- - -- 1.6 SRC 8.46 TNT as surrogate 1.61 4.23 TNT as surrogate --
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 -- - -- 1.6 SRC 8.46 TNT as surrogate 2.32 4.23 TNT as surrogate --
RDX 121-82-4 -- - -- 0.87 SRC 5.26 90th pecentile 1.51 0.43 Median BAF USEPA 2005
NITROGLYCERIN 55-63-0 -- - -- 1.6 SRC 1 Default Value 400 1 Default Value --
Dioxin/Furans
2,3,7,8-TCDD 1746-01-6 6.42 - 7.02 6.53 USEPA 1995 0.0075 Kow Regression Eq. NC 0.0065 Kow Regression Eq. Travis and Arms 1988

Log Kow Range

Preliminary Assessment Refined Assessment
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Radford Army Ammunition Plant, Radford, Virginia

Notes:
CAS = Chemical Abstract Services
BAF = Bioaccumulation Factor
Kow = Chemical octanol-water coefficient
NC =  Not Calculated
Cs = Chemical Concentration in Soil
Cp = Chemical Concentration in Plant Matter (dry weight)
[1] = BAFs for chemical using Cp regression equation calculated by as follows: BAF = Cp/Cs

References:
USEPA 1995:  United States Environmental Protection Agency.  1995.  Karickhoff, S.W. , and J.M. Long.   Summary of Measured, Calculated, and Recommended Log Kow Values.  Environmental Research Laboratory. Athens, Georgia.
Jones et al. 1997:  Jones et al.  1997.  Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision
Bechtel Jacobs 1998:  Bechtel Jacobs Company.  September 1998.  Emperical Models for the Uptake of Inorganic Chemical from Soil by Plants.
USEPA 2005:  United States Environmental Protection Agency (USEPA).  February 2005.  Guidance for Developing Ecological Soil Screening Levels.
Travis and Arms 1988:  Travis and Arms.  1988.  Bioconcentration of Organics in Beef, Milk, and Vegetation.  BAF values calculated for Tier I using lowest Kow value and for Tier II using the selected Kow value.

Kow Regression Equation: BAF =10^((-0.578*Kow)+1.588))
SRC/CF:  Syracuse Research Corporation (SRC).  Physical Properties Database.  http://www.syrres.com/esc/physdemo.htm
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Chemical CAS Selected Log Kow Reference Koc Reference Value Basis
Cs EPC
(mg/kg) BAF[1] Basis Source

Inorganics
ARSENIC 7440-38-2 -- - -- -- -- -- -- 0.52 90th percentile 2.08 0.1947 Ce = e(0.706*ln(Cs) - 1.421) Sample et al. 1998
CADMIUM 7440-43-9 -- - -- -- -- -- -- 40.7 90th percentile 0.181 11.7564 Ce = e(0.795*ln(Cs) + 2.114) Sample et al. 1998
CHROMIUM 7440-47-3 -- - -- -- -- -- -- 3.16 90th percentile 25 0.31 Median Sample et al. 1998
COPPER 7440-50-8 -- - -- -- -- -- -- 1.53 90th percentile 58.8 0.52 Median Sample et al. 1998
LEAD 7439-92-1 -- - -- -- -- -- -- 1.52 90th percentile 2581 0.1765 Ce = e(0.807*ln(Cs) - 0.218) Sample et al. 1998
MERCURY 7439-97-6 -- - -- -- -- -- -- 20.6 90th percentile 0.291 1.69 Median Sample et al. 1998
NICKEL 7440-02-0 -- - -- -- -- -- -- 4.73 90th percentile NC 1.06 Median Sample et al. 1998
SELENIUM 7782-49-2 -- - -- -- -- -- -- 1.34 90th percentile 1.53 0.8282 Ce = e(0.733*ln(Cs) - 0.075) Sample et al. 1998
SILVER 7440-22-4 -- - -- -- -- -- -- 15.3 90th percentile NC 2.05 Median Sample et al. 1998
ZINC 7440-66-6 -- - -- -- -- -- -- 12.9 90th percentile 272 1.9776 Ce = e(0.328*ln(Cs) + 4.449) Sample et al. 1998
Pesticides
4,4'-DDE 72-55-9 5.63 - 6.96 6.76 USEPA 1995 -- -- 20.1 90th percentile 0.06 16.6696 Ce = e(0.88*ln(Cs) + 2.4771) USEPA 2005
ALPHA-CHLORDANE 5103-71-9 5.8 - 6.41 6.32 USEPA 1995 5.89E+04 SRC, CF 4.00 Not Specified NC 4.00 Not Specified Edwards and Bohlen 1992
DELTA-BHC 319-86-8 -- - -- 4.1 USEPA 1996 4.26E+03 SRC, CF 2.58 Jager Model NC 2.58 Jager Model USEPA 2005
DIELDRIN 60-57-1 3.63 - 6.2 5.37 USEPA 1995 -- -- 79.6 Maximum 0.00432 16.5811 Ce = e(0.876*ln(Cs) + 2.276) USEPA 2005
ENDRIN KETONE 53494-70-5 -- - -- -- -- -- -- 3.60 Endrin as Surrogate NC 3.60 Endrin as Surrogate --
GAMMA-CHLORDANE 5103-74-2 5.8 - 6.41 6.32 USEPA 1995 5.89E+04 SRC, CF 4.00 Not Specified NC 4.00 Not Specified Edwards and Bohlen 1992
HEPTACHLOR 76-44-8 4.93 - 6.26 6.26 USEPA 1995 3.48E+03 SRC, CF 3.00 Not Specified NC 3.00 Not Specified Edwards and Bohlen 1992
HEPTACHLOR EPOXIDE 1024-57-3 3.5 - 5.4 5 USEPA 1995 1.06E+01 SRC, CF 8.39 Not Specified 0.0111 8.39 Not Specified USEPA 1999
METHOXYCHLOR 72-43-5 4.2 - 5.6 5.08 USEPA 1995 8.00E+04 SRC, CF 2.77 Jager Model NC 0.98 Jager Model USEPA 2005
PCBs
AROCLOR-1016 12674-11-2 -- - -- 5.6 Jones et al. 1997 -- -- 15.9 90th percentile NC 6.67 Median Sample et al. 1998
AROCLOR-1221 11104-28-2 -- - -- 4.7 Jones et al. 1997 -- -- 15.9 90th percentile NC 6.67 Median Sample et al. 1998
AROCLOR-1232 11141-16-5 -- - -- 5.1 Jones et al. 1997 -- -- 15.9 90th percentile NC 6.67 Median Sample et al. 1998
AROCLOR-1242 53469-21-9 -- - -- 5.6 Jones et al. 1997 -- -- 15.9 90th percentile NC 6.67 Median Sample et al. 1998
AROCLOR-1248 12672-29-6 -- - -- 6.2 Jones et al. 1997 -- -- 15.9 90th percentile NC 6.67 Median Sample et al. 1998
AROCLOR-1254 11097-69-1 -- - -- 6.5 Jones et al. 1997 -- -- 15.9 90th percentile 0.856 6.67 Median Sample et al. 1998
AROCLOR-1260 11096-82-5 -- - -- 6.8 Jones et al. 1997 -- -- 15.9 90th percentile 0.358 6.67 Median Sample et al. 1998
VOCs and SVOCs
ACENAPHTHENE 83-32-9 3.77 - 4.49 3.92 USEPA 1995 1.09E+04 USEPA 2005 2.20 Jager Model 1.091 0.70 Jager Model USEPA 2005
ACENAPHTHYLENE 208-96-8 -- - -- 4.07 USEPA 1995 9.47E+02 USEPA 2005 10.92 Jager Model 0.0424 10.92 Jager Model USEPA 2005
BENZO(A)ANTHRACENE 56-55-3 5.61 - 5.79 5.7 USEPA 1995 3.58E+05 USEPA 2005 0.91 Jager Model NC 0.76 Jager Model USEPA 2005
BENZO(A)PYRENE 50-32-8 5.98 - 6.34 6.11 USEPA 1995 9.69E+05 USEPA 2005 1.01 Jager Model 0.02 0.64 Jager Model USEPA 2005
BENZO(B)FLUORANTHENE 205-99-2 5.79 - 6.4 6.2 USEPA 1995 5.96E+05 USEPA 2005 1.85 Jager Model NC 1.24 Jager Model USEPA 2005
BENZO(G,H,I)PERYLENE 191-24-2 6.58 - 7.05 6.7 USEPA 1995 1.43E+06 USEPA 2005 2.83 Jager Model NC 1.40 Jager Model USEPA 2005
BENZO(K)FLUORANTHENE 207-08-9 6.12 - 6.27 6.2 USEPA 1995 5.96E+05 USEPA 2005 1.42 Jager Model NC 1.24 Jager Model USEPA 2005
CHRYSENE 218-01-9 5.41 - 5.79 5.7 USEPA 1995 2.48E+05 USEPA 2005 1.31 Jager Model NC 1.09 Jager Model USEPA 2005
DIBENZO(A,H)ANTHRACENE 53-70-3 6.5 - 6.88 6.69 USEPA 1995 1.79E+06 USEPA 2005 1.61 Jager Model NC 1.10 Jager Model USEPA 2005
FLUORANTHENE 206-44-0 4.84 - 5.39 4.95 USEPA 1995 4.17E+04 USEPA 2005 3.49 Jager Model NC 1.45 Jager Model USEPA 2005
INDENO(1,2,3-CD)PYRENE 193-39-5 6.58 - 6.72 6.58 USEPA 1995 1.17E+06 USEPA 2005 1.79 Jager Model NC 1.36 Jager Model USEPA 2005
PHENANTHRENE 85-01-8 4.37 - 4.57 4.55 USEPA 1995 3.30E+04 USEPA 2005 0.85 Jager Model NC 0.82 Jager Model USEPA 2005
PYRENE 129-00-0 4.76 - 5.52 4.88 USEPA 1995 6.27E+04 USEPA 2005 3.01 Jager Model NC 0.84 Jager Model USEPA 2005
Explosives
1,3,5-TNB 99-35-4 -- - -- -- -- -- -- 1 Default Value 1.9 1 Default Value USEPA 2005
2,4-DNT 121-14-2 -- - -- -- -- -- -- 1 Default Value 9.533 1 Default Value USEPA 2005
2,4,6-TNT 118-96-7 -- - -- -- -- -- -- 1 Default Value 20.26 1 Default Value USEPA 2005
2-AMINO-4,6-DINITROTOLUENE 355-72-78-2 -- - -- -- -- -- -- 1 Default Value 1.61 1 Default Value USEPA 2005
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 -- - -- -- -- -- -- 1 Default Value 2.32 1 Default Value USEPA 2005
RDX 121-82-4 -- - -- -- -- -- -- 1 Default Value 1.51 1 Default Value USEPA 2005
NITROGLYCERIN 55-63-0 -- - -- -- -- -- -- 1 Default Value 400 1 Default Value USEPA 2005
Dioxin/Furans
2,3,7,8-TCDD 1746-01-6 6.42 - 7.02 6.53 USEPA 1995 -- -- 22.2 90th percentile NC 11 Median Sample et al. 1998

Notes:
CAS = Chemical Abstract Services Koc = Chemical water to soil partitioning coefficient
Cs = Chemical Concentration in Soil Kww = Chemical worm to soil partitioning coefficient
Ce = Chemical Concentration in Earthworm (dry weight) foc = mean fraction organic content in soil
Kow = Chemical octanol-water coefficient [1] = BAFs for chemical using Ce regression equation calculated by as follows: BAF = Ce/Cs

Log Kow Range

Preliminary Assessment Refined Assessment
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References:
USEPA 1995:  United States Environmental Protection Agency.   Karickhoff, S.W. , and J.M. Long.  1995.  Summary of Measured, Calculated, and Recommended Log Kow Values.  Environmental Research Laboratory. Athens, Georgia.
Jones et al. 1997:  Jones et al.  1997.  Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision
Sample et al. 1998:  Sample, B.E., Beauchamp, J.J., Efroymson, R.A., Sutter, G.W., Ashwood, T.L., February 1998.  Development and Validation of Bioaccumulation Models for Earthworms.
Jager Model:  As presented in USEPA 2005, Guidance for Developing Ecological Screening Levels, Appendix 4-1, Table 5.

BAF = Kww(L/kg worl dw)/Kd (L/kg soil dw)
Kww  (dry weight) = 10^(0.87*logKow - 2.0) / 0.16
Wet weight to dry weight assuming 16% solids
Kd = foc * Koc

foc = 0.021 from site specific physical soil data
Note:  The maximum Kow utilized for the Tier I calculation and the Selected Kow utilized for the Tier II calculation.

Edwards and Bohlen 1992:  Edwards, C.A. and Bohlen, P.J.  1992. The effects of toxic chemicals on earthworms. Reviews of Environmental Contamination and Toxicology, 125: 23-99.
USEPA 2005:  United States Environmental Protection Agency (USEPA).  February 2005.  Guidance for Developing Ecological Soil Screening Levels.
SRC/CF:  Syracuse Research Corporation (SRC).  Physical Properties Database.  http://www.syrres.com/esc/physdemo.htm
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Chemical CAS Selected Kow Reference Value Basis
Cs

(mg/kg) BAF[1] Basis Source
Inorganics
ARSENIC 7440-38-2 -- - -- -- -- 0.0149 90th percentile 2.08 0.0069 Cm = e(0.819*ln(Cs) - 4.847) Sample et al. 1998
CADMIUM 7440-43-9 -- - -- -- -- 3.991 90th percentile 0.181 0.7011 Cm = e(0.472*ln(Cs) - 1.257) Sample et al. 1998
CHROMIUM 7440-47-3 -- - -- -- -- 0.333 90th percentile 25 0.0986 Cm = e(0.734*ln(Cs) - 1.46) Sample et al. 1998
COPPER 7440-50-8 -- - -- -- -- 1.045 90th percentile 58.8 0.2360 Cm = e(0.144*ln(Cs) + 2.042) Sample et al. 1998
LEAD 7439-92-1 -- - -- -- -- 0.286 90th percentile 2581 0.0135 Cm = e(0.442*ln(Cs) + 0.0761) Sample et al. 1998
MERCURY 7439-97-6 -- - -- -- -- 0.192 90th percentile 0.291 0.0543 Median Sample et al. 1998
NICKEL 7440-02-0 -- - -- -- -- 0.589 90th percentile NC NC Cm = e(0.466*ln(Cs) - 0.246) Sample et al. 1998
SELENIUM 7782-49-2 -- - -- -- -- 1.187 90th percentile 1.53 0.5061 Cm = e(0.376*ln(Cs) -0.416) Sample et al. 1998
SILVER 7440-22-4 -- - -- -- -- 0.501 90th percentile NC 0.004 Median Sample et al. 1998
ZINC 7440-66-6 -- - -- -- -- 2.69 90th percentile 272 0.4288 Cm = e(0.071*ln(Cs) + 4.363) Sample et al. 1998
Pesticides
4,4'-DDE 72-55-9 5.63 - 6.96 6.76 USEPA 1995 1 Default Value 0.06 104.5970 Cm = e(0.641*ln(Cd) + 3.640) USEPA 2005
ALPHA-CHLORDANE 5103-71-9 5.8 - 6.41 6.32 USEPA 1995 1 Default Value NC 1 Default Value --
DELTA-BHC 319-86-8 -- - -- 4.1 USEPA 1996 1 Default Value NC 1 Default Value --
DIELDRIN 60-57-1 3.63 - 6.2 5.37 USEPA 1995 1 Default Value 0.00432 0.0005 Cm = e(0.6076*ln(Cs) - 1.9582) USEPA 2005
ENDRIN ALDEHYDE 7421-93-4 -- - -- -- -- 1 Default Value NC 1 Default Value --
ENDRIN KETONE 53494-70-5 -- - -- -- -- 1 Default Value NC 1 Default Value --
AROCLOR-1254 11097-69-1 -- - -- 6.5 Jones et al. 1997 1 Default Value 0.856 1 Default Value --
AROCLOR-1260 11096-82-5 -- - -- 6.8 Jones et al. 1997 1 Default Value 0.358 1 Default Value --
VOCs and SVOCs
ACENAPHTHENE 83-32-9 3.77 - 4.49 3.92 USEPA 1995 1 Default Value 1.091 0 -- USEPA 2005
ACENAPHTHYLENE 208-96-8 -- - -- 4.07 USEPA 1995 1 Default Value 0.0424 0 -- USEPA 2005
BENZO(A)ANTHRACENE 56-55-3 5.61 - 5.79 5.7 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
BENZO(A)PYRENE 50-32-8 5.98 - 6.34 6.11 USEPA 1995 1 Default Value 0.02 0 -- USEPA 2005
BENZO(B)FLUORANTHENE 205-99-2 5.79 - 6.4 6.2 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
BENZO(G,H,I)PERYLENE 191-24-2 6.58 - 7.05 6.7 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
BENZO(K)FLUORANTHENE 207-08-9 6.12 - 6.27 6.2 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
CHRYSENE 218-01-9 5.41 - 5.79 5.7 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
DIBENZO(A,H)ANTHRACENE 53-70-3 6.5 - 6.88 6.69 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
FLUORANTHENE 206-44-0 4.84 - 5.39 5.12 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
INDENO(1,2,3-CD)PYRENE 193-39-5 6.58 - 6.72 6.65 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
PHENANTHRENE 85-01-8 4.37 - 4.57 4.55 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
PYRENE 129-00-0 4.76 - 5.52 5.11 USEPA 1995 1 Default Value NC 0 -- USEPA 2005
Explosives
1,3,5-TNB 99-35-4 -- - -- -- -- 1 Default Value 1.9 0 TNT as surrogate USEPA 2005
2,4-DNT 121-14-2 -- - -- -- -- 1 Default Value 9.533 0 TNT as surrogate USEPA 2005
2,4,6-TNT 118-96-7 -- - -- -- -- 1 Default Value 20.26 0 Cm = 0 USEPA 2005
2-AMINO-4,6-DINITROTOLUENE 355-72-78-2 -- - -- -- -- 1 Default Value 1.61 0 TNT as surrogate USEPA 2005
4-AMINO-2,6-DINITROTOLUENE 1946-51-0 -- - -- -- -- 1 Default Value 2.32 0 TNT as surrogate USEPA 2005
RDX 121-82-4 -- - -- -- -- 1 Default Value 1.51 0 Cm = 0 USEPA 2005
NITROGLYCERIN 55-63-0 -- - -- -- -- 1 Default Value 400 0 TNT as surrogate USEPA 2005
Dioxin/Furans
2,3,7,8-TCDD 1746-01-6 6.42 - 7.02 6.53 USEPA 1995 2.2 90th percentile 0.0001832 0.9372 Cm = e(0.1089*ln(Cs) + 0.7044) Sample et al. 1998

Notes:
CAS = Chemical Abstract Services
Cs = Chemical Concentration in Soil
Cd = Chemical Concentration in Prey (assumed to be 100% earthworms (dry weight))
Cm = Chemical Concentration in Mammal (dry weight)
Kow = Chemical octanol to water partitioning coefficient
[1] = BAFs for chemical using Ce regression equation calculated by as follows: BAF = Cm/Cs

Preliminary Assessment Refined Assessment

Log Kow Range
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References:
USEPA 1995:  United States Environmental Protection Agency. Karickhoff, S.W. , and J.M. Long.  1995.  Summary of Measured, Calculated, and Recommended Log Kow Values.  Environmental Research Laboratory. Athens, Georgia.
Sample et al. 1998:   Sample et al.  1998.  Development and Validation of Bioaccumulation Models for Small Mammals.
Jones et al. 1997:  Jones et al.  1997.  Toxicological Benchmarks for Screening Contaminants of Potential Concern for Effects on Sediment-Associated Biota: 1997 Revision
USEPA 2005:  United States Environmental Protection Agency (USEPA).  February 2005.  Guidance for Developing Ecological Soil Screening Levels.
Travis and Arms 1988:  Travis and Arms.  1988.  Bioconcentration of Organics in Beef, Milk, and Vegetation.  BAF values calculated for Tier I using lowest Kow value and for Tier II using the selected Kow value.

Kow Regression Equation: BAF =10^((-0.578*Kow)+1.588))
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Preliminary Wildlife Risk Characterization - Meadow Vole

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.20E-01 1.20E+00 5.1 1.1E+00 5.6E+00 1.8E-01 1.8E+00 2.83E+01 2.8E+00 Y 2.08 1.2E+01
Cadmium 7440-43-9 1.69E+00 1.69E+01 0.64 3.3E+00 2.1E+00 8.8E-01 8.8E+00 7.3E-01 7.3E-02 N -- --
Chromium 7440-47-3 5.75E+00 5.75E+01 41.6 8.4E-02 3.5E+00 9.1E+01 9.1E+02 4.6E-01 4.6E-02 N -- --
Copper 7440-50-8 2.67E+01 3.51E+01 195 6.3E-01 1.2E+02 7.0E+01 9.2E+01 2.8E+00 2.1E+00 Y 58.8 8.4E-01
Lead 7439-92-1 1.40E+01 1.40E+02 3,610 4.7E-01 1.7E+03 4.8E+01 4.8E+02 7.4E+01 7.4E+00 Y 2,581 5.3E+01
Mercury 7439-97-6 3.01E+01 3.01E+02 0.77 5.0E+00 3.9E+00 1.0E+01 1.0E+02 7.6E-02 7.6E-03 N -- --
Nickel 7440-02-0 7.01E+01 1.40E+02 19.3 1.4E+00 2.7E+01 8.3E+01 1.7E+02 2.3E-01 1.2E-01 N -- --
Selenium 7782-49-2 3.51E-01 5.79E-01 2.6 3.0E+00 7.8E+00 2.0E-01 3.2E-01 1.3E+01 8.0E+00 Y 1.53 7.8E+00
Silver 7440-22-4 3.89E+01 3.89E+02 0.11 3.7E-02 4.1E-03 1.1E+03 1.1E+04 1.0E-04 1.0E-05 N -- --
Zinc 7440-66-6 2.81E+02 5.61E+02 555 1.8E+00 1.0E+03 2.6E+02 5.2E+02 2.1E+00 1.1E+00 Y 272 1.1E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 9.49E-07 9.49E-06 1.83E-04 7.5E-03 1.4E-06 5.1E-05 5.1E-04 3.6E+00 3.6E-01 Y 1.83E-04 3.6E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 4.03E+01 4.03E+02 0.06 8.0E-02 4.8E-03 6.6E+02 6.6E+03 9.1E-05 9.1E-06 N -- --
alpha-Chlordane 5103-71-9 3.70E-01 3.70E+00 0.062 1.0E+00 6.2E-02 6.1E-01 6.1E+00 1.0E-01 1.0E-02 N -- --
delta-BHC 319-86-8 3.19E-02 3.19E-01 0.006 1.0E+00 6.0E-03 5.3E-02 5.3E-01 1.1E-01 1.1E-02 N -- --
Dieldrin 60-57-1 3.51E-02 3.51E-01 0.011 1.0E+00 1.1E-02 5.8E-02 5.8E-01 1.9E-01 1.9E-02 N -- --
Endrin aldehyde 7421-93-4 8.73E-02 8.73E-01 0.0044 1.0E+00 4.4E-03 1.4E-01 1.4E+00 3.0E-02 3.0E-03 N -- --
Endrin ketone 53494-70-5 8.73E-02 8.73E-01 0.0075 1.0E+00 7.5E-03 1.4E-01 1.4E+00 5.2E-02 5.2E-03 N -- --
gamma-Chlordane 5103-74-2 3.70E-01 3.70E+00 0.055 1.0E+00 5.5E-02 6.1E-01 6.1E+00 9.0E-02 9.0E-03 N -- --
Heptachlor 76-44-8 2.28E-01 2.28E+00 0.0013 1.0E+00 1.3E-03 3.8E-01 3.8E+00 3.4E-03 3.4E-04 N -- --
Heptachlor epoxide 1024-57-3 4.38E-02 4.38E-01 0.021 1.0E+00 2.1E-02 7.3E-02 7.3E-01 2.9E-01 2.9E-02 N -- --
Methoxychlor 72-43-5 7.01E+00 1.40E+01 0.003 1.0E+00 3.0E-03 1.2E+01 2.3E+01 2.6E-04 1.3E-04 N -- --
Aroclor 1254 11097-69-1 6.45E-02 6.45E-01 2.8 6.8E-03 1.9E-02 3.6E+00 3.6E+01 7.9E-01 7.9E-02 N -- --
Aroclor 1260 11096-82-5 6.45E-02 6.45E-01 0.38 4.5E-03 1.7E-03 3.8E+00 3.8E+01 9.9E-02 9.9E-03 N -- --
PAHs
Acenaphthene 83-32-9 1.66E+01 8.30E+01 3.5 4.6E+00 1.6E+01 6.1E+00 3.1E+01 5.7E-01 1.1E-01 N -- --
Acenaphthylene 208-96-8 1.75E+02 8.77E+02 0.24 4.6E+00 1.1E+00 6.4E+01 3.2E+02 3.7E-03 7.4E-04 N -- --
Benzo(a)anthracene 56-55-3 2.91E-01 2.91E+00 0.015 5.4E-01 8.1E-03 8.8E-01 8.8E+00 1.7E-02 1.7E-03 N -- --
Benzo(a)pyrene 50-32-8 9.49E-01 9.49E+00 0.057 3.3E+00 1.9E-01 4.9E-01 4.9E+00 1.2E-01 1.2E-02 N -- --
Benzo(b)fluoranthene 205-99-2 9.49E-01 9.49E+00 0.1 4.8E-01 4.8E-02 3.2E+00 3.2E+01 3.1E-02 3.1E-03 N -- --
Benzo(g,h,i)perylene 191-24-2 4.74E-01 2.37E+00 0.084 1.6E+00 1.3E-01 5.0E-01 2.5E+00 1.7E-01 3.4E-02 N -- --
Benzo(k)fluoranthene 207-08-9 1.05E+01 1.05E+02 0.032 1.0E+00 3.2E-02 1.7E+01 1.7E+02 1.8E-03 1.8E-04 N -- --
Chrysene 218-01-9 1.44E+01 1.44E+02 0.042 1.1E+00 4.4E-02 2.3E+01 2.3E+02 1.8E-03 1.8E-04 N -- --
Dibenz(a,h)anthracene 53-70-3 1.94E+00 1.94E+01 0.0089 2.3E-01 2.0E-03 1.3E+01 1.3E+02 6.9E-04 6.9E-05 N -- --
Fluoranthene 206-44-0 2.91E+01 1.45E+02 0.072 6.0E+00 4.3E-01 8.2E+00 4.1E+01 8.8E-03 1.8E-03 N -- --
Indeno(1,2,3-cd)pyrene 193-39-5 1.05E+01 1.05E+02 0.035 1.5E-01 5.3E-03 1.0E+02 1.0E+03 3.4E-04 3.4E-05 N -- --
Phenanthrene 85-01-8 6.64E+00 3.32E+01 0.025 1.1E+01 2.8E-01 1.0E+00 5.1E+00 2.4E-02 4.9E-03 N -- --
Pyrene 129-00-0 7.59E+00 3.80E+01 0.065 3.7E+00 2.4E-01 3.5E+00 1.7E+01 1.9E-02 3.8E-03 N -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 4.61E+00 2.29E+01 1.9 8.5E+00 1.6E+01 9.2E-01 4.6E+00 2.1E+00 4.1E-01 Y 1.90 2.1E+00
2,4,6-Trinitrotoluene 118-96-7 8.82E+00 3.53E+01 80 8.5E+00 6.8E+02 1.8E+00 7.1E+00 4.5E+01 1.1E+01 Y 20.26 1.1E+01
2,4-Dinitrotoluene 121-14-2 NV NV 11 8.5E+00 9.3E+01 -- -- -- -- -- -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.55E+01 8.26E+01 9.6 8.5E+00 8.1E+01 3.1E+00 1.7E+01 3.1E+00 5.8E-01 Y 1.61 5.2E-01
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.55E+01 8.26E+01 14 8.5E+00 1.2E+02 3.1E+00 1.7E+01 4.5E+00 8.5E-01 Y 2.32 7.5E-01
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 1.38E+01 6.85E+01 8.2 5.3E+00 4.3E+01 4.4E+00 2.2E+01 1.9E+00 3.7E-01 Y 1.51 3.4E-01
Nitroglycerin
Nitroglycerin 55-63-0 5.16E+00 5.51E+01 400 1.0E+00 4.0E+02 8.6E+00 9.1E+01 4.7E+01 4.4E+00 Y 400 4.7E+01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Concentration
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Concentration
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Meadow Vole Specific Data from Table F.3-9
BW= 0.017 kg
IRfood = 0.010 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00024 kg dw/day
AF = 1 unitless
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Table F.3-15
Refined Wildlife Risk Characterization - Meadow Vole
Screening Level Ecological Risk Assessment - Area B

SWMU 54 RFI/CMS Report 
Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.20E-01 1.20E+00 2.08 3.8E-02 7.8E-02 9.0E+00 9.0E+01 2.3E-01 2.3E-02
Copper 7440-50-8 2.67E+01 3.51E+01 58.8 1.7E-01 9.7E+00 6.5E+02 8.6E+02 9.0E-02 6.8E-02
Lead 7439-92-1 1.40E+01 1.40E+02 2,581 8.4E-03 2.2E+01 2.0E+03 2.0E+04 1.3E+00 1.3E-01
Selenium 7782-49-2 3.51E-01 5.79E-01 1.53 5.3E-01 8.1E-01 2.9E+00 4.8E+00 5.2E-01 3.2E-01
Zinc 7440-66-6 2.81E+02 5.61E+02 272 4.0E-01 1.1E+02 3.1E+03 6.2E+03 8.8E-02 4.4E-02
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 9.49E-07 9.49E-06 1.83E-04 6.5E-03 1.2E-06 1.5E-04 1.5E-03 1.3E+00 1.3E-01
Explosives
1,3,5-Trinitrobenzene 99-35-4 4.61E+00 2.29E+01 1.9 4.2E+00 8.0E+00 5.0E+00 2.5E+01 3.8E-01 7.6E-02
2,4,6-Trinitrotoluene 118-96-7 8.82E+00 3.53E+01 20.26 4.2E+00 8.6E+01 9.6E+00 3.8E+01 2.1E+00 5.3E-01
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.55E+01 8.26E+01 1.61 4.2E+00 6.8E+00 1.7E+01 9.0E+01 9.6E-02 1.8E-02
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.55E+01 8.26E+01 2.32 4.2E+00 9.8E+00 1.7E+01 9.0E+01 1.4E-01 2.6E-02
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 1.38E+01 6.85E+01 1.51 4.3E-01 6.5E-01 1.4E+02 7.0E+02 1.1E-02 2.2E-03
Nitroglycerin
Nitroglycerin 55-63-0 5.16E+00 5.51E+01 400 1.0E+00 4.0E+02 2.3E+01 2.5E+02 1.7E+01 1.6E+00

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Meadow Vole Specific Data from Table F.3-9
BW= 0.037 kg
IRfood = 0.008 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 1.00 unitless
IRsoil = 0.00019 kg dw/day
IRwater = 0.005 L/day
AF = 1 unitless
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Table F.3-16
Preliminary Wildlife Risk Characterization - Short-tailed Shrew

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.50E-01 1.50E+00 5.1 1.1E+00 5.6E+00 5.2E-01 2.7E+00 Plant 5.1E-01 5.1E+00 1.0E+01 1.0E+00 Y 2.08 4.1E+00
Cadmium 7440-43-9 2.11E+00 2.11E+01 0.64 3.3E+00 2.1E+00 4.1E+01 2.6E+01 Invertebrate 2.2E-01 2.2E+00 3.0E+00 3.0E-01 Y 0.181 8.4E-01
Chromium 7440-47-3 7.21E+00 7.21E+01 41.6 8.4E-02 3.5E+00 3.2E+00 1.3E+02 Invertebrate 9.1E+00 9.1E+01 4.6E+00 4.6E-01 Y 25 2.7E+00
Copper 7440-50-8 3.34E+01 4.40E+01 195 6.3E-01 1.2E+02 1.5E+00 3.0E+02 Invertebrate 8.4E+01 1.1E+02 2.3E+00 1.8E+00 Y 58.8 7.0E-01
Lead 7439-92-1 1.76E+01 1.76E+02 3,610 4.7E-01 1.7E+03 1.5E+00 5.5E+03 Invertebrate 4.4E+01 4.4E+02 8.1E+01 8.1E+00 Y 2,581 5.8E+01
Mercury 7439-97-6 3.77E+01 3.77E+02 0.77 5.0E+00 3.9E+00 2.1E+01 1.6E+01 Invertebrate 7.6E+00 7.6E+01 1.0E-01 1.0E-02 N -- --
Nickel 7440-02-0 8.79E+01 1.76E+02 19.3 1.4E+00 2.7E+01 4.7E+00 9.1E+01 Invertebrate 7.5E+01 1.5E+02 2.6E-01 1.3E-01 N -- --
Selenium 7782-49-2 4.40E-01 7.25E-01 2.6 3.0E+00 7.8E+00 1.3E+00 3.5E+00 Plant 5.8E-01 9.6E-01 4.5E+00 2.7E+00 Y 1.53 2.6E+00
Silver 7440-22-4 4.88E+01 4.88E+02 0.11 3.7E-02 4.1E-03 1.5E+01 1.7E+00 Invertebrate 1.3E+01 1.3E+02 8.3E-03 8.3E-04 N -- --
Zinc 7440-66-6 3.52E+02 7.03E+02 555 1.8E+00 1.0E+03 1.3E+01 7.2E+03 Invertebrate 1.1E+02 2.3E+02 4.9E+00 2.5E+00 Y 272 2.4E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.19E-06 1.19E-05 1.83E-04 7.5E-03 1.4E-06 2.2E+01 4.1E-03 Invertebrate 2.2E-07 2.2E-06 8.3E+02 8.3E+01 Y 1.83E-04 8.3E+02
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 5.06E+01 5.06E+02 0.06 8.0E-02 4.8E-03 2.0E+01 1.2E+00 Invertebrate 1.0E+01 1.0E+02 5.8E-03 5.8E-04 N -- --
alpha-Chlordane 5103-71-9 4.64E-01 4.64E+00 0.062 1.0E+00 6.2E-02 4.0E+00 2.5E-01 Invertebrate 4.7E-01 4.7E+00 1.3E-01 1.3E-02 N -- --
delta-BHC 319-86-8 4.00E-02 4.00E-01 0.006 1.0E+00 6.0E-03 2.6E+00 1.5E-02 Invertebrate 6.2E-02 6.2E-01 9.7E-02 9.7E-03 N -- --
Dieldrin 60-57-1 4.40E-02 4.40E-01 0.011 1.0E+00 1.1E-02 8.0E+01 8.8E-01 Invertebrate 2.3E-03 2.3E-02 4.8E+00 4.8E-01 Y 0.00432 1.9E+00
Endrin aldehyde 7421-93-4 1.09E-01 1.09E+00 0.0044 1.0E+00 4.4E-03 3.6E+00 1.6E-02 Invertebrate 1.2E-01 1.2E+00 3.6E-02 3.6E-03 N -- --
Endrin ketone 53494-70-5 1.09E-01 1.09E+00 0.0075 1.0E+00 7.5E-03 3.6E+00 2.7E-02 Invertebrate 1.2E-01 1.2E+00 6.1E-02 6.1E-03 N -- --
gamma-Chlordane 5103-74-2 4.64E-01 4.64E+00 0.055 1.0E+00 5.5E-02 4.0E+00 2.2E-01 Invertebrate 4.7E-01 4.7E+00 1.2E-01 1.2E-02 N -- --
Heptachlor 76-44-8 2.86E-01 2.86E+00 0.0013 1.0E+00 1.3E-03 3.0E+00 3.9E-03 Invertebrate 3.8E-01 3.8E+00 3.4E-03 3.4E-04 N -- --
Heptachlor epoxide 1024-57-3 5.49E-02 5.49E-01 0.021 1.0E+00 2.1E-02 8.4E+00 1.8E-01 Invertebrate 2.7E-02 2.7E-01 7.8E-01 7.8E-02 N -- --
Methoxychlor 72-43-5 8.79E+00 1.76E+01 0.003 1.0E+00 3.0E-03 2.8E+00 8.3E-03 Invertebrate 1.3E+01 2.5E+01 2.4E-04 1.2E-04 N -- --
Aroclor 1254 11097-69-1 8.09E-02 8.09E-01 2.8 6.8E-03 1.9E-02 1.6E+01 4.5E+01 Invertebrate 2.1E-02 2.1E-01 1.3E+02 1.3E+01 Y 0.856 4.1E+01
Aroclor 1260 11096-82-5 8.09E-02 8.09E-01 0.38 4.5E-03 1.7E-03 1.6E+01 6.0E+00 Invertebrate 2.1E-02 2.1E-01 1.8E+01 1.8E+00 Y 0.358 1.7E+01
PAHs
Acenaphthene 83-32-9 2.08E+01 1.04E+02 3.5 4.6E+00 1.6E+01 2.2E+00 7.7E+00 Plant 1.8E+01 9.2E+01 1.9E-01 3.8E-02 N -- --
Acenaphthylene 208-96-8 2.20E+02 1.10E+03 0.24 4.6E+00 1.1E+00 1.1E+01 2.6E+00 Invertebrate 8.3E+01 4.1E+02 2.9E-03 5.8E-04 N -- --
Benzo(a)anthracene 56-55-3 3.64E-01 3.64E+00 0.015 5.4E-01 8.1E-03 9.1E-01 1.4E-02 Invertebrate 1.5E+00 1.5E+01 1.0E-02 1.0E-03 N -- --
Benzo(a)pyrene 50-32-8 1.19E+00 1.19E+01 0.057 3.3E+00 1.9E-01 1.0E+00 5.7E-02 Plant 1.4E+00 1.4E+01 3.9E-02 3.9E-03 N -- --
Benzo(b)fluoranthene 205-99-2 1.19E+00 1.19E+01 0.1 4.8E-01 4.8E-02 1.8E+00 1.8E-01 Invertebrate 2.5E+00 2.5E+01 4.0E-02 4.0E-03 N -- --
Benzo(g,h,i)perylene 191-24-2 5.95E-01 2.97E+00 0.084 1.6E+00 1.3E-01 2.8E+00 2.4E-01 Invertebrate 8.4E-01 4.2E+00 1.0E-01 2.0E-02 N -- --
Benzo(k)fluoranthene 207-08-9 1.31E+01 1.31E+02 0.032 1.0E+00 3.2E-02 1.4E+00 4.6E-02 Invertebrate 3.5E+01 3.5E+02 9.1E-04 9.1E-05 N -- --
Chrysene 218-01-9 1.80E+01 1.80E+02 0.042 1.1E+00 4.4E-02 1.3E+00 5.5E-02 Invertebrate 5.2E+01 5.2E+02 8.0E-04 8.0E-05 N -- --
Dibenz(a,h)anthracene 53-70-3 2.43E+00 2.43E+01 0.0089 2.3E-01 2.0E-03 1.6E+00 1.4E-02 Invertebrate 5.8E+00 5.8E+01 1.5E-03 1.5E-04 N -- --
Fluoranthene 206-44-0 3.64E+01 1.82E+02 0.072 6.0E+00 4.3E-01 3.5E+00 2.5E-01 Plant 2.5E+01 1.2E+02 2.9E-03 5.8E-04 N -- --
Indeno(1,2,3-cd)pyrene 193-39-5 1.31E+01 1.31E+02 0.035 1.5E-01 5.3E-03 1.8E+00 6.3E-02 Invertebrate 2.9E+01 2.9E+02 1.2E-03 1.2E-04 N -- --
Phenanthrene 85-01-8 8.32E+00 4.16E+01 0.025 1.1E+01 2.8E-01 8.5E-01 2.1E-02 Plant 3.1E+00 1.6E+01 8.0E-03 1.6E-03 N -- --
Pyrene 129-00-0 9.51E+00 4.76E+01 0.065 3.7E+00 2.4E-01 3.0E+00 2.0E-01 Plant 1.0E+01 5.2E+01 6.3E-03 1.3E-03 N -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 5.78E+00 2.87E+01 1.9 8.5E+00 1.6E+01 1.0E+00 1.9E+00 Plant 2.8E+00 1.4E+01 6.8E-01 1.4E-01 N -- --
2,4,6-Trinitrotoluene 118-96-7 1.11E+01 4.42E+01 80 8.5E+00 6.8E+02 1.0E+00 8.0E+01 Plant 5.4E+00 2.1E+01 1.5E+01 3.7E+00 Y 20.26 3.8E+00
2,4-Dinitrotoluene 121-14-2 NV NV 11 8.5E+00 9.3E+01 1.0E+00 1.1E+01 Plant -- -- -- -- -- -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.94E+01 1.04E+02 9.6 8.5E+00 8.1E+01 1.0E+00 9.6E+00 Plant 9.4E+00 5.0E+01 1.0E+00 1.9E-01 Y 1.61 1.7E-01
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.94E+01 1.04E+02 14 8.5E+00 1.2E+02 1.0E+00 1.4E+01 Plant 9.4E+00 5.0E+01 1.5E+00 2.8E-01 Y 2.32 2.5E-01
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 1.73E+01 8.59E+01 8.2 5.3E+00 4.3E+01 1.0E+00 8.2E+00 Plant 1.3E+01 6.6E+01 6.1E-01 1.2E-01 N -- --
Nitroglycerin
Nitroglycerin 55-63-0 6.47E+00 6.90E+01 400 1.0E+00 4.0E+02 1.0E+00 4.0E+02 Plant 2.4E+01 2.5E+02 1.7E+01 1.6E+00 Y 400 1.7E+01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Screening Level
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Short-tailed Shrew Specific Data from Table F.3-9
BW= 0.0125 kg
IRfood = 0.003 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00039 kg dw/day
IRwater = 0.003 L/day
AF = 1 unitless
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Table F.3-17
Refined Wildlife Risk Characterization - Short-tailed Shrew

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 1.50E-01 1.50E+00 2.08 3.8E-02 7.8E-02 1.95E-01 4.0E-01 3.7E+00 3.7E+01 5.6E-01 5.6E-02
Cadmium 7440-43-9 2.11E+00 2.11E+01 0.181 1.4E+00 2.4E-01 1.2E+01 2.1E+00 1.5E+00 1.5E+01 1.2E-01 1.2E-02
Chromium 7440-47-3 7.21E+00 7.21E+01 25 4.1E-02 1.0E+00 3.1E-01 7.7E+00 1.4E+02 1.4E+03 1.8E-01 1.8E-02
Copper 7440-50-8 3.34E+01 4.40E+01 58.8 1.7E-01 9.7E+00 5.2E-01 3.0E+01 4.2E+02 5.5E+02 1.4E-01 1.1E-01
Lead 7439-92-1 1.76E+01 1.76E+02 2,581 8.4E-03 2.2E+01 1.8E-01 4.6E+02 4.7E+02 4.7E+03 5.5E+00 5.5E-01
Selenium 7782-49-2 4.40E-01 7.25E-01 1.53 5.3E-01 8.1E-01 8.3E-01 1.3E+00 3.6E+00 5.9E+00 4.3E-01 2.6E-01
Zinc 7440-66-6 3.52E+02 7.03E+02 272 4.0E-01 1.1E+02 2.0E+00 5.4E+02 1.4E+03 2.8E+03 1.9E-01 9.7E-02
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.19E-06 1.19E-05 1.83E-04 6.5E-03 1.2E-06 1.1E+01 2.0E-03 9.3E-07 9.3E-06 2.0E+02 2.0E+01
TCL Pesticides/PCBs
Dieldrin 60-57-1 4.40E-02 4.40E-01 0.00432 4.1E-01 1.8E-03 1.7E+01 7.2E-02 2.3E-02 2.3E-01 1.9E-01 1.9E-02
Aroclor 1254 11097-69-1 8.09E-02 8.09E-01 0.856 6.8E-03 5.8E-03 6.7E+00 5.7E+00 1.0E-01 1.0E+00 8.3E+00 8.3E-01
Aroclor 1260 11096-82-5 8.09E-02 8.09E-01 0.358 4.5E-03 1.6E-03 6.7E+00 2.4E+00 1.0E-01 1.0E+00 3.5E+00 3.5E-01
Explosives
2,4,6-Trinitrotoluene 118-96-7 1.11E+01 4.42E+01 20.26 4.2E+00 8.6E+01 1.0E+00 2.0E+01 5.2E+01 2.1E+02 3.9E-01 9.7E-02
2-Amino-4,6-Dinitrotoluene 355-72-78-2 1.94E+01 1.04E+02 1.61 4.2E+00 6.8E+00 1.0E+00 1.6E+00 9.2E+01 4.9E+02 1.7E-02 3.3E-03
4-Amino-2,6-Dinitrotoluene 1946-51-0 1.94E+01 1.04E+02 2.32 4.2E+00 9.8E+00 1.0E+00 2.3E+00 9.2E+01 4.9E+02 2.5E-02 4.7E-03
Nitroglycerin
Nitroglycerin 55-63-0 6.47E+00 6.90E+01 400 1.0E+00 4.0E+02 1.0E+00 4.0E+02 4.3E+01 4.6E+02 9.3E+00 8.7E-01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) HQ = Hazard Quotient
AF = Area Use Factor NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
NOAEL = No observable adverse effects level LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
TRV = Toxicity Reference Value
EPC =  Exposure Point Concentration

Short-tailed Shrew Specific Data from Table F.3-9
BW= 0.015 kg
IRfood = 0.002 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 0.14 unitless
DFinv = 0.86 unitless
IRsoil = 0.00026 kg dw/day
IRwater = 0.002 L/day
AF = 1.000 unitless
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Table F.3-18
Preliminary Wildlife Risk Characterization - Red Fox

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 3.59E-02 3.59E-01 5.1 1.1E+00 5.6E+00 5.2E-01 2.7E+00 1.5E-02 7.6E-02 Plant 2.7E-01 2.7E+00 1.9E+01 1.9E+00 Y 2.08 7.6E+00
Cadmium 7440-43-9 5.07E-01 5.07E+00 0.64 3.3E+00 2.1E+00 4.1E+01 2.6E+01 4.0E+00 2.6E+00 Invertebrate 1.1E-01 1.1E+00 6.0E+00 6.0E-01 Y 0.181 1.7E+00
Chromium 7440-47-3 1.73E+00 1.73E+01 41.6 8.4E-02 3.5E+00 3.2E+00 1.3E+02 3.3E-01 1.4E+01 Invertebrate 4.7E+00 4.7E+01 8.9E+00 8.9E-01 Y 25 5.3E+00
Copper 7440-50-8 8.02E+00 1.06E+01 195 6.3E-01 1.2E+02 1.5E+00 3.0E+02 1.0E+00 2.0E+02 Invertebrate 4.4E+01 5.8E+01 4.4E+00 3.3E+00 Y 58.8 1.3E+00
Lead 7439-92-1 4.22E+00 4.22E+01 3,610 4.7E-01 1.7E+03 1.5E+00 5.5E+03 2.9E-01 1.0E+03 Invertebrate 2.3E+01 2.3E+02 1.5E+02 1.5E+01 Y 2,581 1.1E+02
Mercury 7439-97-6 9.05E+00 9.05E+01 0.77 5.0E+00 3.9E+00 2.1E+01 1.6E+01 1.9E-01 1.5E-01 Invertebrate 3.8E+00 3.8E+01 2.0E-01 2.0E-02 N -- --
Nickel 7440-02-0 2.11E+01 4.22E+01 19.3 1.4E+00 2.7E+01 4.7E+00 9.1E+01 5.9E-01 1.1E+01 Invertebrate 3.8E+01 7.6E+01 5.0E-01 2.5E-01 N -- --
Selenium 7782-49-2 1.05E-01 1.74E-01 2.6 3.0E+00 7.8E+00 1.3E+00 3.5E+00 1.2E+00 3.1E+00 Plant 3.0E-01 4.9E-01 8.7E+00 5.3E+00 Y 1.53 5.1E+00
Silver 7440-22-4 1.17E+01 1.17E+02 0.11 3.7E-02 4.1E-03 1.5E+01 1.7E+00 5.0E-01 5.5E-02 Invertebrate 6.6E+00 6.6E+01 1.7E-02 1.7E-03 N -- --
Zinc 7440-66-6 8.44E+01 1.69E+02 555 1.8E+00 1.0E+03 1.3E+01 7.2E+03 2.7E+00 1.5E+03 Invertebrate 5.6E+01 1.1E+02 9.8E+00 4.9E+00 Y 272 4.8E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 2.85E-07 2.85E-06 1.83E-04 7.5E-03 1.4E-06 2.2E+01 4.1E-03 2.2E+00 4.0E-04 Invertebrate 1.1E-07 1.1E-06 1.7E+03 1.7E+02 Y 1.83E-04 1.7E+03
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 1.21E+01 1.21E+02 0.06 8.0E-02 4.8E-03 2.0E+01 1.2E+00 1.0E+00 6.0E-02 Invertebrate 5.2E+00 5.2E+01 1.2E-02 1.2E-03 N -- --
alpha-Chlordane 5103-71-9 1.11E-01 1.11E+00 0.062 1.0E+00 6.2E-02 4.0E+00 2.5E-01 1.0E+00 6.2E-02 Invertebrate 2.4E-01 2.4E+00 2.6E-01 2.6E-02 N -- --
delta-BHC 319-86-8 9.60E-03 9.60E-02 0.006 1.0E+00 6.0E-03 2.6E+00 1.5E-02 1.0E+00 6.0E-03 Invertebrate 3.2E-02 3.2E-01 1.9E-01 1.9E-02 N -- --
Dieldrin 60-57-1 1.05E-02 1.05E-01 0.011 1.0E+00 1.1E-02 8.0E+01 8.8E-01 1.0E+00 1.1E-02 Invertebrate 1.1E-03 1.1E-02 9.6E+00 9.6E-01 Y 0.00432 3.8E+00
Endrin aldehyde 7421-93-4 2.62E-02 2.62E-01 0.0044 1.0E+00 4.4E-03 3.6E+00 1.6E-02 1.0E+00 4.4E-03 Invertebrate 6.2E-02 6.2E-01 7.1E-02 7.1E-03 N -- --
Endrin ketone 53494-70-5 2.62E-02 2.62E-01 0.0075 1.0E+00 7.5E-03 3.6E+00 2.7E-02 1.0E+00 7.5E-03 Invertebrate 6.2E-02 6.2E-01 1.2E-01 1.2E-02 N -- --
gamma-Chlordane 5103-74-2 1.11E-01 1.11E+00 0.055 1.0E+00 5.5E-02 4.0E+00 2.2E-01 1.0E+00 5.5E-02 Invertebrate 2.4E-01 2.4E+00 2.3E-01 2.3E-02 N -- --
Heptachlor 76-44-8 6.85E-02 6.85E-01 0.0013 1.0E+00 1.3E-03 3.0E+00 3.9E-03 1.0E+00 1.3E-03 Invertebrate 2.0E-01 2.0E+00 6.7E-03 6.7E-04 N -- --
Heptachlor epoxide 1024-57-3 1.32E-02 1.32E-01 0.021 1.0E+00 2.1E-02 8.4E+00 1.8E-01 1.0E+00 2.1E-02 Invertebrate 1.4E-02 1.4E-01 1.6E+00 1.6E-01 Y 0.01110 8.2E-01
Methoxychlor 72-43-5 2.11E+00 4.22E+00 0.003 1.0E+00 3.0E-03 2.8E+00 8.3E-03 1.0E+00 3.0E-03 Invertebrate 6.5E+00 1.3E+01 4.6E-04 2.3E-04 N -- --
Aroclor 1254 11097-69-1 1.94E-02 1.94E-01 2.8 6.8E-03 1.9E-02 1.6E+01 4.5E+01 1.0E+00 2.8E+00 Invertebrate 1.1E-02 1.1E-01 2.7E+02 2.7E+01 Y 0.856 8.1E+01
Aroclor 1260 11096-82-5 1.94E-02 1.94E-01 0.38 4.5E-03 1.7E-03 1.6E+01 6.0E+00 1.0E+00 3.8E-01 Invertebrate 1.1E-02 1.1E-01 3.6E+01 3.6E+00 Y 0.358 3.4E+01
PAHs
Acenaphthene 83-32-9 4.99E+00 2.50E+01 3.5 4.6E+00 1.6E+01 2.2E+00 7.7E+00 1.0E+00 3.5E+00 Plant 9.3E+00 4.7E+01 3.8E-01 7.5E-02 N -- --
Acenaphthylene 208-96-8 5.27E+01 2.64E+02 0.24 4.6E+00 1.1E+00 1.1E+01 2.6E+00 1.0E+00 2.4E-01 Invertebrate 4.2E+01 2.1E+02 5.8E-03 1.2E-03 N -- --
Benzo(a)anthracene 56-55-3 8.74E-02 8.74E-01 0.015 5.4E-01 8.1E-03 9.1E-01 1.4E-02 1.0E+00 1.5E-02 Mammal 7.3E-01 7.3E+00 2.0E-02 2.0E-03 N -- --
Benzo(a)pyrene 50-32-8 2.85E-01 2.85E+00 0.057 3.3E+00 1.9E-01 1.0E+00 5.7E-02 1.0E+00 5.7E-02 Plant 7.4E-01 7.4E+00 7.7E-02 7.7E-03 N -- --
Benzo(b)fluoranthene 205-99-2 2.85E-01 2.85E+00 0.1 4.8E-01 4.8E-02 1.8E+00 1.8E-01 1.0E+00 1.0E-01 Invertebrate 1.3E+00 1.3E+01 7.6E-02 7.6E-03 N -- --
Benzo(g,h,i)perylene 191-24-2 1.43E-01 7.13E-01 0.084 1.6E+00 1.3E-01 2.8E+00 2.4E-01 1.0E+00 8.4E-02 Invertebrate 4.3E-01 2.2E+00 2.0E-01 3.9E-02 N -- --
Benzo(k)fluoranthene 207-08-9 3.15E+00 3.15E+01 0.032 1.0E+00 3.2E-02 1.4E+00 4.6E-02 1.0E+00 3.2E-02 Invertebrate 1.9E+01 1.9E+02 1.7E-03 1.7E-04 N -- --
Chrysene 218-01-9 4.32E+00 4.32E+01 0.042 1.1E+00 4.4E-02 1.3E+00 5.5E-02 1.0E+00 4.2E-02 Invertebrate 2.8E+01 2.8E+02 1.5E-03 1.5E-04 N -- --
Dibenz(a,h)anthracene 53-70-3 5.82E-01 5.82E+00 0.0089 2.3E-01 2.0E-03 1.6E+00 1.4E-02 1.0E+00 8.9E-03 Invertebrate 3.1E+00 3.1E+01 2.9E-03 2.9E-04 N -- --
Fluoranthene 206-44-0 8.74E+00 4.37E+01 0.072 6.0E+00 4.3E-01 3.5E+00 2.5E-01 1.0E+00 7.2E-02 Plant 1.3E+01 6.3E+01 5.8E-03 1.2E-03 N -- --
Indeno(1,2,3-cd)pyrene 193-39-5 3.15E+00 3.15E+01 0.035 1.5E-01 5.3E-03 1.8E+00 6.3E-02 1.0E+00 3.5E-02 Invertebrate 1.5E+01 1.5E+02 2.3E-03 2.3E-04 N -- --
Phenanthrene 85-01-8 2.00E+00 9.98E+00 0.025 1.1E+01 2.8E-01 8.5E-01 2.1E-02 1.0E+00 2.5E-02 Plant 1.6E+00 7.8E+00 1.6E-02 3.2E-03 N -- --
Pyrene 129-00-0 2.28E+00 1.14E+01 0.065 3.7E+00 2.4E-01 3.0E+00 2.0E-01 1.0E+00 6.5E-02 Plant 5.3E+00 2.6E+01 1.2E-02 2.5E-03 N -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.39E+00 6.89E+00 1.9 8.5E+00 1.6E+01 1.0E+00 1.9E+00 1.0E+00 1.9E+00 Plant 1.4E+00 7.0E+00 1.3E+00 2.7E-01 Y 1.90 1.3E+00
2,4,6-Trinitrotoluene 118-96-7 2.65E+00 1.06E+01 80 8.5E+00 6.8E+02 1.0E+00 8.0E+01 1.0E+00 8.0E+01 Plant 2.7E+00 1.1E+01 3.0E+01 7.4E+00 Y 20.26 7.5E+00
2,4-Dinitrotoluene 121-14-2 NV NV 11 8.5E+00 9.3E+01 1.0E+00 1.1E+01 1.0E+00 1.1E+01 Plant -- -- -- -- -- -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 4.66E+00 2.48E+01 9.6 8.5E+00 8.1E+01 1.0E+00 9.6E+00 1.0E+00 9.6E+00 Plant 4.7E+00 2.5E+01 2.0E+00 3.8E-01 Y 1.61 3.4E-01
4-Amino-2,6-Dinitrotoluene 1946-51-0 4.66E+00 2.48E+01 14 8.5E+00 1.2E+02 1.0E+00 1.4E+01 1.0E+00 1.4E+01 Plant 4.7E+00 2.5E+01 3.0E+00 5.5E-01 Y 2.32 4.9E-01
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 4.14E+00 2.06E+01 8.2 5.3E+00 4.3E+01 1.0E+00 8.2E+00 1.0E+00 8.2E+00 Plant 6.8E+00 3.4E+01 1.2E+00 2.4E-01 Y 1.51 2.2E-01
Nitroglycerin
Nitroglycerin 55-63-0 1.55E+00 1.66E+01 400 1.0E+00 4.0E+02 1.0E+00 4.0E+02 1.0E+00 4.0E+02 Mammal 1.3E+01 1.4E+02 3.1E+01 2.9E+00 Y 400 3.1E+01

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Screening Level
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red Fox Specific Data from Table F.3-9
BW= 2.9500 kg
IRfood = 0.342 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00960 kg dw/day
IRwater = 0.573 L/day
AF = 1 unitless
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Table F.3-19
Refined Wildlife Risk Characterization - Red Fox

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 3.59E-02 3.59E-01 2.08 3.8E-02 7.8E-02 1.9E-01 4.0E-01 6.9E-03 1.4E-02 2.0E+03 2.0E+04 1.0E-03 1.0E-04
Cadmium 7440-43-9 5.07E-01 5.07E+00 0.181 1.4E+00 2.4E-01 1.2E+01 2.1E+00 7.0E-01 1.3E-01 1.1E+03 1.1E+04 1.7E-04 1.7E-05
Chromium 7440-47-3 1.73E+00 1.73E+01 25 4.1E-02 1.0E+00 3.1E-01 7.7E+00 9.9E-02 2.5E+00 3.8E+04 3.8E+05 6.7E-04 6.7E-05
Copper 7440-50-8 8.02E+00 1.06E+01 58.8 1.7E-01 9.7E+00 5.2E-01 3.0E+01 2.4E-01 1.4E+01 8.3E+04 1.1E+05 7.1E-04 5.4E-04
Lead 7439-92-1 4.22E+00 4.22E+01 2,581 8.4E-03 2.2E+01 1.8E-01 4.6E+02 1.3E-02 3.5E+01 2.4E+05 2.4E+06 1.1E-02 1.1E-03
Selenium 7782-49-2 1.05E-01 1.74E-01 1.53 5.3E-01 8.1E-01 8.3E-01 1.3E+00 5.1E-01 7.7E-01 5.2E+02 8.6E+02 2.9E-03 1.8E-03
Zinc 7440-66-6 8.44E+01 1.69E+02 272 4.0E-01 1.1E+02 2.0E+00 5.4E+02 4.3E-01 1.2E+02 4.5E+05 8.9E+05 6.1E-04 3.0E-04
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 2.85E-07 2.85E-06 1.83E-04 6.5E-03 1.2E-06 1.1E+01 2.0E-03 9.4E-01 1.7E-04 6.4E-04 6.4E-03 2.9E-01 2.9E-02
TCL Pesticides/PCBs
Dieldrin 60-57-1 1.05E-02 1.05E-01 0.00432 4.1E-01 1.8E-03 1.7E+01 7.2E-02 5.0E-04 2.2E-06 3.8E+01 3.8E+02 1.1E-04 1.1E-05
Heptachlor epoxide 1024-57-3 1.32E-02 1.32E-01 0.0111 5.0E-02 5.5E-04 8.4E+00 9.3E-02 1.0E+00 1.1E-02 3.1E+01 3.1E+02 3.6E-04 3.6E-05
Aroclor 1254 11097-69-1 1.94E-02 1.94E-01 0.856 6.8E-03 5.8E-03 6.7E+00 5.7E+00 1.0E+00 8.6E-01 4.9E+01 4.9E+02 1.8E-02 1.8E-03
Aroclor 1260 11096-82-5 1.94E-02 1.94E-01 0.358 4.5E-03 1.6E-03 6.7E+00 2.4E+00 1.0E+00 3.6E-01 4.9E+01 4.9E+02 7.4E-03 7.4E-04
Explosives
1,3,5-Trinitrobenzene 99-35-4 1.39E+00 6.89E+00 1.90 4.2E+00 8.0E+00 1.0E+00 1.9E+00 0.0E+00 0.0E+00 4.8E+03 2.4E+04 4.0E-04 8.0E-05
2,4,6-Trinitrotoluene 118-96-7 2.65E+00 1.06E+01 20.26 4.2E+00 8.6E+01 1.0E+00 2.0E+01 0.0E+00 0.0E+00 9.2E+03 3.7E+04 2.2E-03 5.5E-04
2-Amino-4,6-Dinitrotoluene 355-72-78-2 4.66E+00 2.48E+01 1.61 4.2E+00 6.8E+00 1.0E+00 1.6E+00 0.0E+00 0.0E+00 1.6E+04 8.6E+04 1.0E-04 1.9E-05
4-Amino-2,6-Dinitrotoluene 1946-51-0 4.66E+00 2.48E+01 2.32 4.2E+00 9.8E+00 1.0E+00 2.3E+00 0.0E+00 0.0E+00 1.6E+04 8.6E+04 1.4E-04 2.7E-05
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 4.14E+00 2.06E+01 1.51 4.3E-01 6.5E-01 1.0E+00 1.5E+00 0.0E+00 0.0E+00 8.0E+04 4.0E+05 1.9E-05 3.8E-06
Nitroglycerin
Nitroglycerin 55-63-0 1.55E+00 1.66E+01 400 1.0E+00 4.0E+02 1.0E+00 4.0E+02 0.0E+00 0.0E+00 1.8E+04 1.9E+05 2.3E-02 2.1E-03

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-9
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red FoxSpecific Data from Table F.3-10
BW= 4.5300 kg
IRfood = 0.238 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 0.17 unitless
DFinv = 0.04 unitless
DFmam = 0.79 unitless
IRsoil = 0.00670 kg dw/day
IRwater = 0.386 L/day
AF = 0.0070 unitless
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Table F.3-20
Preliminary Wildlife Risk Characterization - American Robin

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 5.14E+00 1.28E+01 5.1 1.1E+00 5.6E+00 5.2E-01 2.7E+00 Plant 1.4E+01 3.5E+01 3.6E-01 1.4E-01 N -- --
Cadmium 7440-43-9 1.45E+00 2.00E+01 0.64 3.3E+00 2.1E+00 4.1E+01 2.6E+01 Invertebrate 1.1E-01 1.6E+00 5.7E+00 4.1E-01 Y 0.181 1.6E+00
Chromium 7440-47-3 1.00E+00 5.00E+00 41.6 8.4E-02 3.5E+00 3.2E+00 1.3E+02 Invertebrate 9.9E-01 4.9E+00 4.2E+01 8.4E+00 Y 25 2.5E+01
Copper 7440-50-8 4.70E+01 6.17E+01 195 6.3E-01 1.2E+02 1.5E+00 3.0E+02 Invertebrate 9.4E+01 1.2E+02 2.1E+00 1.6E+00 Y 58.8 6.2E-01
Lead 7439-92-1 1.13E+00 1.13E+01 3,610 4.7E-01 1.7E+03 1.5E+00 5.5E+03 Invertebrate 2.3E+00 2.3E+01 1.6E+03 1.6E+02 Y 2,581 1.1E+03
Mercury 7439-97-6 4.50E-01 9.00E-01 0.77 5.0E+00 3.9E+00 2.1E+01 1.6E+01 Invertebrate 6.9E-02 1.4E-01 1.1E+01 5.6E+00 Y 0.29 4.2E+00
Nickel 7440-02-0 7.74E+01 1.07E+02 19.3 1.4E+00 2.7E+01 4.7E+00 9.1E+01 Invertebrate 5.1E+01 7.1E+01 3.8E-01 2.7E-01 N -- --
Selenium 7782-49-2 4.00E-01 8.00E-01 2.6 3.0E+00 7.8E+00 1.3E+00 3.5E+00 Plant 4.1E-01 8.3E-01 6.3E+00 3.1E+00 Y 1.53 3.7E+00
Silver 7440-22-4 1.66E+01 1.24E+02 0.11 3.7E-02 4.1E-03 1.5E+01 1.7E+00 Invertebrate 3.4E+00 2.6E+01 3.2E-02 4.3E-03 N -- --
Zinc 7440-66-6 1.45E+01 1.31E+02 555 1.8E+00 1.0E+03 1.3E+01 7.2E+03 Invertebrate 3.6E+00 3.2E+01 1.6E+02 1.7E+01 Y 272 7.6E+01
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 3.22E-04 7.5E-03 2.4E-06 2.2E+01 7.1E-03 Invertebrate 2.0E-06 2.0E-05 1.6E+02 1.6E+01 Y 2.68E-04 1.3E+02
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 5.80E-02 5.80E-01 0.06 8.0E-02 4.8E-03 2.0E+01 1.2E+00 Invertebrate 9.1E-03 9.1E-02 6.6E+00 6.6E-01 Y 0.06 6.6E+00
alpha-Chlordane 5103-71-9 2.14E+00 1.07E+01 0.062 1.0E+00 6.2E-02 4.0E+00 2.5E-01 Invertebrate 1.7E+00 8.4E+00 3.7E-02 7.4E-03 N -- --
delta-BHC 319-86-8 5.60E-01 2.25E+00 0.006 1.0E+00 6.0E-03 2.6E+00 1.5E-02 Invertebrate 6.8E-01 2.7E+00 8.9E-03 2.2E-03 N -- --
Dieldrin 60-57-1 7.70E-02 7.70E-01 0.011 1.0E+00 1.1E-02 8.0E+01 8.8E-01 Invertebrate 3.1E-03 3.1E-02 3.6E+00 3.6E-01 Y 0.00432 1.4E+00
Endrin aldehyde 7421-93-4 2.80E-02 1.70E-01 0.0044 1.0E+00 4.4E-03 3.6E+00 1.6E-02 Invertebrate 2.4E-02 1.5E-01 1.8E-01 3.0E-02 N -- --
Endrin ketone 53494-70-5 2.80E-02 1.70E-01 0.0075 1.0E+00 7.5E-03 3.6E+00 2.7E-02 Invertebrate 2.4E-02 1.5E-01 3.1E-01 5.1E-02 N -- --
gamma-Chlordane 5103-74-2 2.14E+00 1.06E+01 0.055 1.0E+00 5.5E-02 4.0E+00 2.2E-01 Invertebrate 1.7E+00 8.3E+00 3.3E-02 6.6E-03 N -- --
Heptachlor 76-44-8 2.50E+00 1.25E+01 0.0013 1.0E+00 1.3E-03 3.0E+00 3.9E-03 Invertebrate 2.6E+00 1.3E+01 5.0E-04 1.0E-04 N -- --
Heptachlor epoxide 1024-57-3 9.90E-01 4.95E+00 0.021 1.0E+00 2.1E-02 8.4E+00 1.8E-01 Invertebrate 3.7E-01 1.9E+00 5.6E-02 1.1E-02 N -- --
Methoxychlor 72-43-5 1.45E+01 1.45E+02 0.003 1.0E+00 3.0E-03 2.8E+00 8.3E-03 Invertebrate 1.6E+01 1.6E+02 1.8E-04 1.8E-05 N -- --
Aroclor 1254 11097-69-1 4.10E-01 4.10E+00 2.8 6.8E-03 1.9E-02 1.6E+01 4.5E+01 Invertebrate 8.2E-02 8.2E-01 3.4E+01 3.4E+00 Y 0.856 1.0E+01
Aroclor 1260 11096-82-5 4.10E-01 4.10E+00 0.38 4.5E-03 1.7E-03 1.6E+01 6.0E+00 Invertebrate 8.2E-02 8.2E-01 4.7E+00 4.7E-01 Y 0.358 4.4E+00
PAHs
Acenaphthene 83-32-9 1.01E+00 5.05E+00 3.5 4.6E+00 1.6E+01 2.2E+00 7.7E+00 Plant 6.9E-01 3.4E+00 5.1E+00 1.0E+00 Y 1.09 1.6E+00
Acenaphthylene 208-96-8 NV NV 0.24 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(a)anthracene 56-55-3 NV NV 0.015 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 5.00E-01 2.50E+00 0.057 3.3E+00 1.9E-01 1.0E+00 5.7E-02 Plant 4.7E-01 2.4E+00 1.2E-01 2.4E-02 N -- --
Benzo(b)fluoranthene 205-99-2 NV NV 0.1 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene 191-24-2 NV NV 0.084 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene 207-08-9 NV NV 0.032 -- -- -- -- -- -- -- -- -- -- -- --
Chrysene 218-01-9 NV NV 0.042 -- -- -- -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene 53-70-3 NV NV 0.0089 -- -- -- -- -- -- -- -- -- -- -- --
Fluoranthene 206-44-0 NV NV 0.072 -- -- -- -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene 193-39-5 NV NV 0.035 -- -- -- -- -- -- -- -- -- -- -- --
Phenanthrene 85-01-8 1.13E+00 5.65E+00 0.025 1.1E+01 2.8E-01 8.5E-01 2.1E-02 Plant 3.2E-01 1.6E+00 7.7E-02 1.5E-02 N -- --
Pyrene 129-00-0 NV NV 0.065 -- -- -- -- -- -- -- -- -- -- -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 NV NV 1.9 -- -- -- -- -- -- -- -- -- -- -- --
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 80 8.5E+00 6.8E+02 1.0E+00 8.0E+01 Plant 2.6E-02 6.7E-01 3.1E+03 1.2E+02 Y 20.26 7.8E+02
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 11 8.5E+00 9.3E+01 1.0E+00 1.1E+01 Plant 3.7E-02 4.7E-01 2.9E+02 2.4E+01 Y 9.533 2.6E+02
2-Amino-4,6-Dinitrotoluene 355-72-78-2 NV NV 9.6 -- -- -- -- -- -- -- -- -- -- -- --
4-Amino-2,6-Dinitrotoluene 1946-51-0 NV NV 14 -- -- -- -- -- -- -- -- -- -- -- --
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 2.60E+00 2.60E+01 8.2 5.3E+00 4.3E+01 1.0E+00 8.2E+00 Plant 1.6E+00 1.6E+01 5.3E+00 5.3E-01 Y 1.51 9.7E-01
Nitroglycerin
Nitroglycerin 55-63-0 NV NV 400 -- -- -- -- -- -- -- -- -- -- -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening level:
CTRV= NOAEL-based screening level (mg chemical/kg soi)

ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Minimum Body Weigth of Receptor (kg)

IRfood = Maximum Ingestion Rate for Food

BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Concentration
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Concentration
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC =  Exposure Point Concentration

American Robin Specific Data from Table F.3-9
BW= 0.0635 kg
IRfood = 0.020 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00100 kg dw/day
IRwater = 0.013 L/day
AF = 1 unitless
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Table F.3-21
Refined Wildlife Risk Characterization - American Robin
Screening Level Ecological Risk Assessment - Area B

SWMU 54 RFI/CMS Report 
Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Cadmium 7440-43-9 1.45E+00 2.00E+01 0.181 1.4E+00 2.4E-01 1.2E+01 2.1E+00 1.3E+00 1.8E+01 1.4E-01 1.0E-02
Chromium 7440-47-3 1.00E+00 5.00E+00 25 4.1E-02 1.0E+00 3.1E-01 7.7E+00 2.5E+01 1.3E+02 9.9E-01 2.0E-01
Copper 7440-50-8 4.70E+01 6.17E+01 58.8 1.7E-01 9.7E+00 5.2E-01 3.0E+01 6.5E+02 8.6E+02 9.0E-02 6.9E-02
Lead 7439-92-1 1.13E+00 1.13E+01 2,581 8.4E-03 2.2E+01 1.8E-01 4.6E+02 4.5E+01 4.5E+02 5.8E+01 5.8E+00
Mercury 7439-97-6 4.50E-01 9.00E-01 0.29 6.5E-01 1.9E-01 1.7E+00 4.9E-01 2.0E+00 4.0E+00 1.5E-01 7.3E-02
Selenium 7782-49-2 4.00E-01 8.00E-01 1.53 5.3E-01 8.1E-01 8.3E-01 1.3E+00 2.8E+00 5.6E+00 5.5E-01 2.7E-01
Zinc 7440-66-6 1.45E+01 1.31E+02 272 4.0E-01 1.1E+02 2.0E+00 5.4E+02 6.7E+01 6.0E+02 4.1E+00 4.5E-01
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 2.68E-04 6.5E-03 1.7E-06 1.1E+01 2.9E-03 1.6E-05 1.6E-04 1.7E+01 1.7E+00
TCL Pesticides/PCBs -- -- --
4,4'-DDE 72-55-9 5.80E-02 5.80E-01 0.06 1.6E-01 9.8E-03 1.7E+01 1.0E+00 4.3E-02 4.3E-01 1.4E+00 1.4E-01
Dieldrin 60-57-1 7.70E-02 7.70E-01 0.00432 4.1E-01 1.8E-03 1.7E+01 7.2E-02 5.6E-02 5.6E-01 7.7E-02 7.7E-03
Aroclor 1254 11097-69-1 4.10E-01 4.10E+00 0.856 6.8E-03 5.8E-03 6.7E+00 5.7E+00 7.7E-01 7.7E+00 1.1E+00 1.1E-01
Aroclor 1260 11096-82-5 4.10E-01 4.10E+00 0.358 4.5E-03 1.6E-03 6.7E+00 2.4E+00 7.7E-01 7.7E+00 4.7E-01 4.7E-02
PAHs
Acenaphthene 83-32-9 1.01E+00 5.05E+00 1.09 3.3E-03 3.6E-03 7.0E-01 7.7E-01 1.5E+01 7.6E+01 7.1E-02 1.4E-02
Explosives
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 20.26 4.2E+00 8.6E+01 1.0E+00 2.0E+01 1.1E-01 2.8E+00 1.8E+02 7.1E+00
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 9.53 4.2E+00 4.0E+01 1.0E+00 9.5E+00 1.6E-01 2.0E+00 6.0E+01 4.8E+00
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tri 121-82-4 2.60E+00 2.60E+01 1.51 4.3E-01 6.5E-01 1.0E+00 1.5E+00 1.8E+01 1.8E+02 8.4E-02 8.4E-03

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

American Robin Specific Data from Table F.3-9
BW= 0.0773 kg
IRfood = 0.016 kg dw/day
BAFfood= Chem Specific unitless
DFplants = 0.62 unitless
DFinv = 0.38 unitless
IRsoil = 0.0008 kg dw/day
IRwater = 0.011 L/day
AF = 1.000 unitless
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Table F.3-22
Preliminary Wildlife Risk Characterization - Red-tailed Hawk

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Arsenic 7440-38-2 5.14E+00 1.28E+01 5.1 1.5E-02 7.6E-02 5.2E+03 1.3E+04 9.7E-04 3.9E-04 N -- --
Cadmium 7440-43-9 1.45E+00 2.00E+01 0.64 4.0E+00 2.6E+00 5.5E+00 7.6E+01 1.2E-01 8.4E-03 N -- --
Chromium 7440-47-3 1.00E+00 5.00E+00 41.6 3.3E-01 1.4E+01 4.6E+01 2.3E+02 9.1E-01 1.8E-01 N -- --
Copper 7440-50-8 4.70E+01 6.17E+01 195 1.0E+00 2.0E+02 6.8E+02 9.0E+02 2.9E-01 2.2E-01 N -- --
Lead 7439-92-1 1.13E+00 1.13E+01 3,610 2.9E-01 1.0E+03 6.0E+01 6.0E+02 6.0E+01 6.0E+00 Y 2,581 4.3E+01
Mercury 7439-97-6 4.50E-01 9.00E-01 0.77 1.9E-01 1.5E-01 3.6E+01 7.1E+01 2.2E-02 1.1E-02 N -- --
Nickel 7440-02-0 7.74E+01 1.07E+02 19.3 5.9E-01 1.1E+01 2.0E+03 2.8E+03 9.7E-03 7.0E-03 N -- --
Selenium 7782-49-2 4.00E-01 8.00E-01 2.6 1.2E+00 3.1E+00 5.1E+00 1.0E+01 5.1E-01 2.5E-01 N -- --
Silver 7440-22-4 1.66E+01 1.24E+02 0.11 5.0E-01 5.5E-02 5.0E+02 3.8E+03 2.2E-04 2.9E-05 N -- --
Zinc 7440-66-6 1.45E+01 1.31E+02 555 2.7E+00 1.5E+03 8.2E+01 7.4E+02 6.8E+00 7.5E-01 Y 272 3.3E+00
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 3.22E-04 2.2E+00 7.1E-04 9.7E-05 9.7E-04 3.3E+00 3.3E-01 Y 2.68E-04 2.8E+00
TCL Pesticides/PCBs
4,4'-DDE 72-55-9 5.80E-02 5.80E-01 0.06 1.0E+00 6.0E-02 8.8E-01 8.8E+00 6.8E-02 6.8E-03 N -- --
alpha-Chlordane 5103-71-9 2.14E+00 1.07E+01 0.062 1.0E+00 6.2E-02 3.3E+01 1.6E+02 1.9E-03 3.8E-04 N -- --
delta-BHC 319-86-8 5.60E-01 2.25E+00 0.006 1.0E+00 6.0E-03 8.5E+00 3.4E+01 7.1E-04 1.8E-04 N -- --
Dieldrin 60-57-1 7.70E-02 7.70E-01 0.011 1.0E+00 1.1E-02 1.2E+00 1.2E+01 9.4E-03 9.4E-04 N -- --
Endrin aldehyde 7421-93-4 2.80E-02 1.70E-01 0.0044 1.0E+00 4.4E-03 4.3E-01 2.6E+00 1.0E-02 1.7E-03 N -- --
Endrin ketone 53494-70-5 2.80E-02 1.70E-01 0.0075 1.0E+00 7.5E-03 4.3E-01 2.6E+00 1.8E-02 2.9E-03 N -- --
gamma-Chlordane 5103-74-2 2.14E+00 1.06E+01 0.055 1.0E+00 5.5E-02 3.3E+01 1.6E+02 1.7E-03 3.4E-04 N -- --
Heptachlor 76-44-8 2.50E+00 1.25E+01 0.0013 1.0E+00 1.3E-03 3.8E+01 1.9E+02 3.4E-05 6.8E-06 N -- --
Heptachlor epoxide 1024-57-3 9.90E-01 4.95E+00 0.021 1.0E+00 2.1E-02 1.5E+01 7.5E+01 1.4E-03 2.8E-04 N -- --
Methoxychlor 72-43-5 1.45E+01 1.45E+02 0.003 1.0E+00 3.0E-03 2.2E+02 2.2E+03 1.4E-05 1.4E-06 N -- --
Aroclor 1254 11097-69-1 4.10E-01 4.10E+00 2.8 1.0E+00 2.8E+00 6.2E+00 6.2E+01 4.5E-01 4.5E-02 N -- --
Aroclor 1260 11096-82-5 4.10E-01 4.10E+00 0.38 1.0E+00 3.8E-01 6.2E+00 6.2E+01 6.1E-02 6.1E-03 N -- --
PAHs
Acenaphthene 83-32-9 1.01E+00 5.05E+00 3.5 1.0E+00 3.5E+00 1.5E+01 7.7E+01 2.3E-01 4.6E-02 N -- --
Acenaphthylene 208-96-8 NV NV 0.24 -- -- -- -- -- -- -- -- --
Benzo(a)anthracene 56-55-3 NV NV 0.015 -- -- -- -- -- -- -- -- --
Benzo(a)pyrene 50-32-8 5.00E-01 2.50E+00 0.057 1.0E+00 5.7E-02 7.6E+00 3.8E+01 7.5E-03 1.5E-03 N -- --
Benzo(b)fluoranthene 205-99-2 NV NV 0.1 -- -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene 191-24-2 NV NV 0.084 -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene 207-08-9 NV NV 0.032 -- -- -- -- -- -- -- -- --
Chrysene 218-01-9 NV NV 0.042 -- -- -- -- -- -- -- -- --
Dibenz(a,h)anthracene 53-70-3 NV NV 0.0089 -- -- -- -- -- -- -- -- --
Fluoranthene 206-44-0 NV NV 0.072 -- -- -- -- -- -- -- -- --
Indeno(1,2,3-cd)pyrene 193-39-5 NV NV 0.035 -- -- -- -- -- -- -- -- --
Phenanthrene 85-01-8 1.13E+00 5.65E+00 0.025 1.0E+00 2.5E-02 1.7E+01 8.6E+01 1.5E-03 2.9E-04 N -- --
Pyrene 129-00-0 NV NV 0.065 -- -- -- -- -- -- -- -- --
Explosives
1,3,5-Trinitrobenzene 99-35-4 NV NV 1.9 -- -- -- -- -- -- -- -- --
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 80 1.0E+00 8.0E+01 1.1E+00 2.7E+01 7.5E+01 2.9E+00 Y 20.26 1.9E+01
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 11 1.0E+00 1.1E+01 1.5E+00 1.9E+01 7.2E+00 5.8E-01 Y 9.53 6.3E+00
2-Amino-4,6-Dinitrotoluene 355-72-78-2 NV NV 9.6 -- -- -- -- -- -- -- -- --
4-Amino-2,6-Dinitrotoluene 1946-51-0 NV NV 14 -- -- -- -- -- -- -- -- --
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 2.60E+00 2.60E+01 8.2 1.0E+00 8.2E+00 3.9E+01 3.9E+02 2.1E-01 2.1E-02 N -- --
Nitroglycerin
Nitroglycerin 55-63-0 NV NV 400 -- -- -- -- -- -- -- -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels: 
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BWi = Minimum Body Weigth of Receptor (kg)
IRfood = Maximum Ingestion Rate for Food
BAFfood = Bioaccumulation factor (Most contaminated dietary component BSAF used) See Appendix F.1 for an example C TRV calculation.
DF = Dietary fraction (Most contaminated dietary component assumed to be 100% of diet)
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = Maximum Detected Concentration/Calculated NOAEL-Based Concentration
AF = 100% Area Use Factor LOAEL HQ = Maximum Detected Concentration/Calculated LOAEL-Based Concentration
NOAEL = No observable adverse effects level EPC NOAEL HQ = NOAEL HQ * (EPC/Maximum Detected Concentration)
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
ECP = Exposure Point Concentration

Red-tailed Hawk Specific Data from Table F.3-9
Red-tailed Hawk

BW= 0.957 kg
IRfood = 0.063 kg dw/day
BAFfood= Chem Specific unitless
IRsoil = 0.00 kg dw/day
IRwater = 0.068 L/day
AF = 1 unitless
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Table F.3-23
Refined Wildlife Risk Characterization - Red-tailed Hawk
Screening Level Ecological Risk Assessment - Area B

SWMU 54 RFI/CMS Report 
Radford Army Ammunition Plant, Radford, Virginia

Inorganics
Lead 7439-92-1 1.13E+00 1.13E+01 2,581 1.3E-02 3.5E+01 6.0E+05 6.0E+06 4.3E-03 4.3E-04
Zinc 7440-66-6 1.45E+01 1.31E+02 272 4.3E-01 1.2E+02 2.4E+05 2.2E+06 1.1E-03 1.2E-04
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 1.40E-05 1.40E-04 2.68E-04 9.4E-01 2.5E-04 1.1E-01 1.1E+00 2.5E-03 2.5E-04
Explosives
2,4,6-Trinitrotoluene 118-96-7 7.00E-02 1.80E+00 20.26 0.0E+00 0.0E+00 -- -- -- --
2,4-Dinitrotoluene 121-14-2 1.00E-01 1.25E+00 9.53 0.0E+00 0.0E+00 -- -- -- --

Notes:
CAS = Chemical Abstract Services a = The following equation was used to calculate screening levels:
CTRV= NOAEL-based screening level (mg chemical/kg soi)
ADD = NOAEL or LOAEL (mg chemical/kg body weight-day) from Table F.3-10
BW = Average Body Weigth of Receptor (kg)
IRfood = Average Ingestion Rate for Food
BAFfood = Bioaccumulation factor, specific to prey type and chemical See Appendix F.1 for an example CTRV calculation.
DF = Dietary fraction
IRs = Incidental  Ingestion Rate of soil (kg soil ingested per day, dry weight) NOAEL HQ = EPC/Calculated NOAEL-Based Screening Level
AF = Area Use Factor LOAEL HQ = EPC/Calculated LOAEL-Based Screening Level
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
mg/kg = Milligram Per Kilogram
bw - day = Body Weight - Day
HQ = Hazard Quotient
TRV = Toxicity Reference Value
EPC = Exposure Point Concentration

Red-tailed Hawk Specific Data from Table F.3-9
BW= 1.134 kg
IRfood = 0.059 kg dw/day
BAFfood= Chem Specific unitless
DFmam = 1.00 unitless
IRsoil = 0.0 kg dw/day
IRwater = 0.064 L/day
AF = 0.0027 unitless
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Table F.3-24
Terrestrial Wildlife Summary 

Screening Level Ecological Risk Assessment - Area B
SWMU 54 RFI/CMS Report 

Radford Army Ammunition Plant, Radford, Virginia

Chemical CAS#
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HQ
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LOAEL-based 

HQ
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EPC NOAEL 
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Refined
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HQ
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HQ
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NOAEL-based 

HQ

Preliminary
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Refined
NOAEL-based 

HQ

Refined
LOAEL-based 
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Inorganics
Arsenic 7440-38-2 2.8E+01 2.8E+00 1.2E+01 2.3E-01 2.3E-02 1.0E+01 1.0E+00 4.1E+00 5.6E-01 5.6E-02 1.9E+01 1.9E+00 7.6E+00 1.0E-03 1.0E-04 3.6E-01 1.4E-01 NC NC NC 9.7E-04 3.9E-04 NC NC NC
Cadmium 7440-43-9 7.3E-01 7.3E-02 NC NC NC 3.0E+00 3.0E-01 8.4E-01 1.2E-01 1.2E-02 6.0E+00 6.0E-01 1.7E+00 1.7E-04 1.7E-05 5.7E+00 4.1E-01 1.6E+00 1.4E-01 1.0E-02 1.2E-01 8.4E-03 NC NC NC
Chromium 7440-47-3 4.6E-01 4.6E-02 NC NC NC 4.6E+00 4.6E-01 2.7E+00 1.8E-01 1.8E-02 8.9E+00 8.9E-01 5.3E+00 6.7E-04 6.7E-05 4.2E+01 8.4E+00 2.5E+01 9.9E-01 2.0E-01 9.1E-01 1.8E-01 NC NC NC
Copper 7440-50-8 2.8E+00 2.1E+00 8.4E-01 9.0E-02 6.8E-02 2.3E+00 1.8E+00 7.0E-01 1.4E-01 1.1E-01 4.4E+00 3.3E+00 1.3E+00 7.1E-04 5.4E-04 2.1E+00 1.6E+00 6.2E-01 9.0E-02 6.9E-02 2.9E-01 2.2E-01 NC NC NC
Lead 7439-92-1 7.4E+01 7.4E+00 5.3E+01 1.3E+00 1.3E-01 8.1E+01 8.1E+00 5.8E+01 5.5E+00 5.5E-01 1.5E+02 1.5E+01 1.1E+02 1.1E-02 1.1E-03 1.6E+03 1.6E+02 1.1E+03 5.8E+01 5.8E+00 6.0E+01 6.0E+00 4.3E+01 4.3E-03 4.3E-04
Mercury 7439-97-6 7.6E-02 7.6E-03 NC NC NC 1.0E-01 1.0E-02 NC NC NC 2.0E-01 2.0E-02 NC NC NC 1.1E+01 5.6E+00 4.2E+00 1.5E-01 7.3E-02 2.2E-02 1.1E-02 NC NC NC
Nickel 7440-02-0 2.3E-01 1.2E-01 NC NC NC 2.6E-01 1.3E-01 NC NC NC 5.0E-01 2.5E-01 NC NC NC 3.8E-01 2.7E-01 NC NC NC 9.7E-03 7.0E-03 NC NC NC
Selenium 7782-49-2 1.3E+01 8.0E+00 7.8E+00 5.2E-01 3.2E-01 4.5E+00 2.7E+00 2.6E+00 4.3E-01 2.6E-01 8.7E+00 5.3E+00 5.1E+00 2.9E-03 1.8E-03 6.3E+00 3.1E+00 3.7E+00 5.5E-01 2.7E-01 5.1E-01 2.5E-01 NC NC NC
Silver 7440-22-4 1.0E-04 1.0E-05 NC NC NC 8.3E-03 8.3E-04 NC NC NC 1.7E-02 1.7E-03 NC NC NC 3.2E-02 4.3E-03 NC NC NC 2.2E-04 2.9E-05 NC NC NC
Zinc 7440-66-6 2.1E+00 1.1E+00 1.1E+00 8.8E-02 4.4E-02 4.9E+00 2.5E+00 2.4E+00 1.9E-01 9.7E-02 9.8E+00 4.9E+00 4.8E+00 6.1E-04 3.0E-04 1.6E+02 1.7E+01 7.6E+01 4.1E+00 4.5E-01 6.8E+00 7.5E-01 3.3E+00 1.1E-03 1.2E-04
Dioxin/Furans
Total 2,3,7,8-TCDD Equivalents 1746-01-6 3.6E+00 3.6E-01 3.6E+00 1.3E+00 1.3E-01 8.3E+02 8.3E+01 8.3E+02 2.0E+02 2.0E+01 1.7E+03 1.7E+02 1.7E+03 2.9E-01 2.9E-02 1.6E+02 1.6E+01 1.3E+02 1.7E+01 1.7E+00 3.3E+00 3.3E-01 2.8E+00 2.5E-03 2.5E-04
TCL Pesticides/PCBs NC NC
4,4'-DDE 72-55-9 9.1E-05 9.1E-06 NC NC NC 5.8E-03 5.8E-04 NC NC NC 1.2E-02 1.2E-03 NC NC NC 6.6E+00 6.6E-01 6.6E+00 1.4E+00 1.4E-01 6.8E-02 6.8E-03 NC NC NC
alpha-Chlordane 5103-71-9 1.0E-01 1.0E-02 NC NC NC 1.3E-01 1.3E-02 NC NC NC 2.6E-01 2.6E-02 NC NC NC 3.7E-02 7.4E-03 NC NC NC 1.9E-03 3.8E-04 NC NC NC
delta-BHC 319-86-8 1.1E-01 1.1E-02 NC NC NC 9.7E-02 9.7E-03 NC NC NC 1.9E-01 1.9E-02 NC NC NC 8.9E-03 2.2E-03 NC NC NC 7.1E-04 1.8E-04 NC NC NC
Dieldrin 60-57-1 1.9E-01 1.9E-02 NC NC NC 4.8E+00 4.8E-01 1.9E+00 1.9E-01 1.9E-02 9.6E+00 9.6E-01 3.8E+00 1.1E-04 1.1E-05 3.6E+00 3.6E-01 1.4E+00 7.7E-02 7.7E-03 9.4E-03 9.4E-04 NC NC NC
Endrin aldehyde 7421-93-4 3.0E-02 3.0E-03 NC NC NC 3.6E-02 3.6E-03 NC NC NC 7.1E-02 7.1E-03 NC NC NC 1.8E-01 3.0E-02 NC NC NC 1.0E-02 1.7E-03 NC NC NC
Endrin ketone 53494-70-5 5.2E-02 5.2E-03 NC NC NC 6.1E-02 6.1E-03 NC NC NC 1.2E-01 1.2E-02 NC NC NC 3.1E-01 5.1E-02 NC NC NC 1.8E-02 2.9E-03 NC NC NC
gamma-Chlordane 5103-74-2 9.0E-02 9.0E-03 NC NC NC 1.2E-01 1.2E-02 NC NC NC 2.3E-01 2.3E-02 NC NC NC 3.3E-02 6.6E-03 NC NC NC 1.7E-03 3.4E-04 NC NC NC
Heptachlor 76-44-8 3.4E-03 3.4E-04 NC NC NC 3.4E-03 3.4E-04 NC NC NC 6.7E-03 6.7E-04 NC NC NC 5.0E-04 1.0E-04 NC NC NC 3.4E-05 6.8E-06 NC NC NC
Heptachlor epoxide 1024-57-3 2.9E-01 2.9E-02 NC NC NC 7.8E-01 7.8E-02 NC NC NC 1.6E+00 1.6E-01 8.2E-01 3.6E-04 3.6E-05 5.6E-02 1.1E-02 NC NC NC 1.4E-03 2.8E-04 NC NC NC
Methoxychlor 72-43-5 2.6E-04 1.3E-04 NC NC NC 2.4E-04 1.2E-04 NC NC NC 4.6E-04 2.3E-04 NC NC NC 1.8E-04 1.8E-05 NC NC NC 1.4E-05 1.4E-06 NC NC NC
Aroclor 1254 11097-69-1 7.9E-01 7.9E-02 NC NC NC 1.3E+02 1.3E+01 4.1E+01 8.3E+00 8.3E-01 2.7E+02 2.7E+01 8.1E+01 1.8E-02 1.8E-03 3.4E+01 3.4E+00 1.0E+01 1.1E+00 1.1E-01 4.5E-01 4.5E-02 NC NC NC
Aroclor 1260 11096-82-5 9.9E-02 9.9E-03 NC NC NC 1.8E+01 1.8E+00 1.7E+01 3.5E+00 3.5E-01 3.6E+01 3.6E+00 3.4E+01 7.4E-03 7.4E-04 4.7E+00 4.7E-01 4.4E+00 4.7E-01 4.7E-02 6.1E-02 6.1E-03 NC NC NC
PAHs
Acenaphthene 83-32-9 5.7E-01 1.1E-01 NC NC NC 1.9E-01 3.8E-02 NC NC NC 3.8E-01 7.5E-02 NC NC NC 5.1E+00 1.0E+00 1.6E+00 7.1E-02 1.4E-02 2.3E-01 4.6E-02 NC NC NC
Acenaphthylene 208-96-8 3.7E-03 7.4E-04 NC NC NC 2.9E-03 5.8E-04 NC NC NC 5.8E-03 1.2E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(a)anthracene 56-55-3 1.7E-02 1.7E-03 NC NC NC 1.0E-02 1.0E-03 NC NC NC 2.0E-02 2.0E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(a)pyrene 50-32-8 1.2E-01 1.2E-02 NC NC NC 3.9E-02 3.9E-03 NC NC NC 7.7E-02 7.7E-03 NC NC NC 1.2E-01 2.4E-02 NC NC NC 7.5E-03 1.5E-03 NC NC NC
Benzo(b)fluoranthene 205-99-2 3.1E-02 3.1E-03 NC NC NC 4.0E-02 4.0E-03 NC NC NC 7.6E-02 7.6E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(g,h,i)perylene 191-24-2 1.7E-01 3.4E-02 NC NC NC 1.0E-01 2.0E-02 NC NC NC 2.0E-01 3.9E-02 NC NC NC NC NC NC NC NC NC NC NC NC NC
Benzo(k)fluoranthene 207-08-9 1.8E-03 1.8E-04 NC NC NC 9.1E-04 9.1E-05 NC NC NC 1.7E-03 1.7E-04 NC NC NC NC NC NC NC NC NC NC NC NC NC
Chrysene 218-01-9 1.8E-03 1.8E-04 NC NC NC 8.0E-04 8.0E-05 NC NC NC 1.5E-03 1.5E-04 NC NC NC NC NC NC NC NC NC NC NC NC NC
Dibenz(a,h)anthracene 53-70-3 6.9E-04 6.9E-05 NC NC NC 1.5E-03 1.5E-04 NC NC NC 2.9E-03 2.9E-04 NC NC NC NC NC NC NC NC NC NC NC NC NC
Fluoranthene 206-44-0 8.8E-03 1.8E-03 NC NC NC 2.9E-03 5.8E-04 NC NC NC 5.8E-03 1.2E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Indeno(1,2,3-cd)pyrene 193-39-5 3.4E-04 3.4E-05 NC NC NC 1.2E-03 1.2E-04 NC NC NC 2.3E-03 2.3E-04 NC NC NC NC NC NC NC NC NC NC NC NC NC
Phenanthrene 85-01-8 2.4E-02 4.9E-03 NC NC NC 8.0E-03 1.6E-03 NC NC NC 1.6E-02 3.2E-03 NC NC NC 7.7E-02 1.5E-02 NC NC NC 1.5E-03 2.9E-04 NC NC NC
Pyrene 129-00-0 1.9E-02 3.8E-03 NC NC NC 6.3E-03 1.3E-03 NC NC NC 1.2E-02 2.5E-03 NC NC NC NC NC NC NC NC NC NC NC NC NC
Explosives
1,3,5-Trinitrobenzene 99-35-4 2.1E+00 4.1E-01 2.1E+00 3.8E-01 7.6E-02 6.8E-01 1.4E-01 NC NC NC 1.3E+00 2.7E-01 1.3E+00 4.0E-04 8.0E-05 NC NC NC NC NC NC NC NC NC NC
2,4,6-Trinitrotoluene 118-96-7 4.5E+01 1.1E+01 1.1E+01 2.1E+00 5.3E-01 1.5E+01 3.7E+00 3.8E+00 3.9E-01 9.7E-02 3.0E+01 7.4E+00 7.5E+00 2.2E-03 5.5E-04 3.1E+03 1.2E+02 7.8E+02 1.8E+02 7.1E+00 7.5E+01 2.9E+00 1.9E+01 -- --
2,4-Dinitrotoluene 121-14-2 NC NC NC NC NC NC NC NC NC NC NC NC NC NC NC 2.9E+02 2.4E+01 2.6E+02 6.0E+01 4.8E+00 7.2E+00 5.8E-01 6.3E+00 -- --
2-Amino-4,6-Dinitrotoluene 355-72-78-2 3.1E+00 5.8E-01 5.2E-01 9.6E-02 1.8E-02 1.0E+00 1.9E-01 1.7E-01 1.7E-02 3.3E-03 2.0E+00 3.8E-01 3.4E-01 1.0E-04 1.9E-05 NC NC NC NC NC NC NC NC NC NC
4-Amino-2,6-Dinitrotoluene 1946-51-0 4.5E+00 8.5E-01 7.5E-01 1.4E-01 2.6E-02 1.5E+00 2.8E-01 2.5E-01 2.5E-02 4.7E-03 3.0E+00 5.5E-01 4.9E-01 1.4E-04 2.7E-05 NC NC NC NC NC NC NC NC NC NC
RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria 121-82-4 1.9E+00 3.7E-01 3.4E-01 1.1E-02 2.2E-03 6.1E-01 1.2E-01 NC NC NC 1.2E+00 2.4E-01 2.2E-01 1.9E-05 3.8E-06 5.3E+00 5.3E-01 9.7E-01 8.4E-02 8.4E-03 2.1E-01 2.1E-02 NC NC NC
Nitroglycerin
Nitroglycerin 55-63-0 4.7E+01 4.4E+00 4.7E+01 1.7E+01 1.6E+00 1.7E+01 1.6E+00 1.7E+01 9.3E+00 8.7E-01 3.1E+01 2.9E+00 3.1E+01 2.3E-02 2.1E-03 NC NC NC NC NC NC NC NC NC NC

Notes:
CAS = Chemical Abstract Services
NC = Not Calculated
NOAEL = No observable adverse effects level
LOAEL = Lowest observable adverse effects level
HQ = Hazard Quotient
EPC = Exposure Point Concentration
-- = Refined Mammal BAF is 0; therefore, bioaccumulation of these chemicals not a concern for the red-tailed hawk

Red-tailed HawkRed FoxMeadow Vole Short-tailed Shrew American Robin

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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REMEDIAL GOALS AND RESIDUAL RISK CALCULATIONS
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Table G.1-1a
Remedial Goal Calculation Equations - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Remedial Goal Equations used for Groundwater Noncarcinogens - Adult and Child Resident

Ingestion
Noncarcinogens

RGo=

Dermal
Noncarcinogens
Inorganic:

RGd=

For organics if tevent is less than t*:

RGd=

For organics if ET is greater than t*:

RGd=

Inhalation 
Note - VOCs not Identified as COPC for site
Indoor Vapors
Carcinogens and Noncarcinogens
RGi= Modeled Using Johnson and Ettinger Model

Vapors While Showering
Carcinogens and Noncarcinogens
RGi= Modeled Using Foster and Chrostowski Inhalation Model

THQ*BW*AT-N*RfDo

EF*ED*IR-W*CF3

THQ*BW*AT-N*RfDd

SA*EF*ED*EV*2*FA*Kp*CF2*CF3

THQ*BW*AT-N*RfDd

SA*Kp*EF*tevent*ED*EV*CF2*CF3

SA*EF*ED*EV*FA*Kp*CF2*CF3*
((tevent(1+B))+2*tau*((1+3B+B2)/((1+3B)2)))

(6*tau*tevent/pi)1/2

THQ*BW*AT-N*RfDd

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.1-1a
Remedial Goal Calculation Equations - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Remedial Goal Equations used for Groundwater-Lifetime Resident-Carcinogens 

Ingestion
Carcinogens

RGo=

Dermal
Carcinogens
Inorganic:

RGd=

For organics if tevent is less than t*:

RGd=

For organics if ET is greater than t*:

RGd=

Inhalation

Note: VOCs not identified as COPC for the site

Overall Remedial Goal Equation

RG = 1
(1/RGo + 1/RGd +1/RGi)

TR*BW*AT-C
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Table G.1-1a
Remedial Goal Calculation Equations - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

NOTES:
RG = remedial goal groundwater ug/L
TR = target risk unitless
THQ = target hazard quotient unitless

Receptor specific parameters provided in Appendix E.1, Table E.1-4.2
BW = body weight (receptor specific - kg) kg
AT-C = averaging time (25,550 days) days
AT-N = averaging time (receptor specific) days
EF = exposure frequency (receptor specific) days/year
ED = exposure duration (receptor specific) years
ET = exposure time (receptor specific) hours/day
EV = event frequency (receptor specific) events/day
tevent = event duration (receptor specific) hr/event
SA = skin surface contact area (receptor specific) cm2

IR-W = ingestion rate - water (receptor specific) L/day

Toxicity Data provided in Appendix E.1, Tables E.1-5.1, E.1-5.2, E.1-6.1, and E.1-6.2
RfDo = oral reference dose (see Table E.1-5.1) mg/kg-day
RfDd = dermal reference dose (see Table E.1-5.1) mg/kg-day
RfDi = inhalation reference dose (see Table E.1-5.2) mg/kg-day
CSFo = oral carcinogenic slope factor (see Table E.1-6.1) (mg/kg-day)-1

CSFd = dermal carcinogenic slope factor (see Table E.1-6.1) (mg/kg-day)-1

CSFi = inhalation carcinogenic slope factor (see Table E.1-6.2) (mg/kg-day)-1

Additional parameters used for groundwater calculations provided in Appendix E.1, Table E.1-4.5
Kp = permeability constant cm/hr
FA = fraction absorbed unitless
tau = lag time hours
t* = time to reach steady state hours
pi = pi (approximate value 3.14) unitless
B = lipophilic property unitless
CF1 = conversion factor (1E-06) kg/mg
CF2 = conversion factor (1E-03) cm3/L
CF3 = conversion factor (1E-03) mg/ug

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.1-1b
Noncarcinogenic Remedial Goal Calculation - Groundwater - Adult and Child Resident - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammuntion Plant, Radford, Virginia

Scenario Timeframe:  Future
Medium:   Groundwater
Receptor: Adult Resident

INGESTION
Adult

Chemical DA event THQ RGo RGd RGi RG
2,4,6-Trinitrotoluene 0.0005 5.00E-04 3.16E-09 liver -- -- 1 1.83E+01 3.91E+07 -- 1.82E+01
Dinitrotoluene Mix -- -- 6.84E-09 -- -- -- -- -- -- -- --
RDX 0.003 3.00E-03 9.97E-10 prostate -- -- 1 1.10E+02 7.42E+08 -- 1.09E+02
Perchlorate 0.0007 7.00E-04 5.80E-10 thyroid -- -- 1 2.56E+01 2.98E+08 -- 2.55E+01

Scenario Timeframe:  Future
Medium:   Groundwater
Receptor: Child Resident

INGESTION

Adult
Chemical DA event THQ RGo RGd RGi RG

2,4,6-Trinitrotoluene 0.0005 5.00E-04 4.14E-09 liver -- -- 1 7.82E+00 5.09E+07 -- 7.82E+00
Dinitrotoluene Mix -- -- 8.99E-09 -- -- -- -- -- -- -- --
RDX 0.003 3.00E-03 1.31E-09 prostate -- -- 1 4.69E+01 9.67E+08 -- 4.69E+01
Perchlorate 0.0007 7.00E-04 1.00E-09 thyroid -- -- 1 1.10E+01 2.95E+08 -- 1.09E+01

Notes:
See Table G.1-1a for Remedial Goal Equations and acronyms

RfDo 
(mg/kg-day)

RfDd 
(mg/kg-day)

RfDi
(mg/kg-day)

Remedial Goal Calculation

DERMAL

Ingestion/Dermal 
Target Organ

INHALATION Remedial Goal Calculation

Inhalation Target 
Organ

Noncancer RG (ug/L)

Noncancer RG (ug/L)

INHALATION

RfDi
(mg/kg-day)

Inhalation Target 
Organ

RfDo 
(mg/kg-day)

RfDd 
(mg/kg-day)

Ingestion/Dermal 
Target Organ

DERMAL

Radford Army Ammunition Plant
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Table G.1-1c
Carcinogenic Remedial Goal Calculation - Groundwater - Lifetime Resident - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammuntion Plant, Radford, Virginia

Scenario Timeframe:  Future
Medium:   Groundwater
Receptor: Lifetime Resident

Adult Child Lowest RG Lowest RG

Chemical DA event DA event TR RGo RGd RGi RGlifetime RGchild resid RGadult resid (ug/L) Source
2,4,6-Trinitrotoluene 0.03 0.03 3.16E-09 4.14E-09 -- 1.00E-05 2.24E+01 8.00E+02 -- 2.18E+01 7.82E+00 1.82E+01 7.82E+00 Child Resident - Noncarc
Dinitrotoluene Mix 0.68 0.68 6.84E-09 8.99E-09 -- 1.00E-05 9.89E-01 1.63E+01 -- 9.32E-01 -- -- 9.32E-01 Lifetime Resident - Carc
RDX 0.11 0.03 9.97E-10 1.31E-09 -- 1.00E-05 6.11E+00 2.53E+03 -- 6.10E+00 4.69E+01 1.09E+02 6.10E+00 Lifetime Resident - Carc
Perchlorate -- -- 5.80E-10 1.00E-09 -- -- -- -- -- -- 1.09E+01 2.55E+01 1.09E+01 Child Resident - Noncarc

Notes:
See Table G.1-1a for Remedial Goal Equations and acronyms
See Table G.1-1b for Adult and Child Resident Noncarcinogenic Remedial Goal Calculations

INHALATION
Cancer RG (ug/L) Noncancer RG (ug/L)

Remedial Goal Calculation

CSFo 

(mg/kg-day -1)
CSFi

 (mg/kg-day -1)

INGESTION

CSFd 

(mg/kg-day -1)

DERMAL

Radford Army Ammunition Plant
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Table G.1-2a
Soil-to-Groundwater RG for 2,4,6-Trinitrotoluene using RGgw

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

RGgw GW Concentration Source= 0.00782 mg/L
Cw = Target Leachate Conc = 0.09384 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.34 L/kg

RGsoil-to-gw = 1.7 mg/kg

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 1834 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant
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Table G.1-2b
Soil-to-Groundwater RG for DNT Mixture (50% 2,4-DNT, 50% 2,6-DNT) using RGgw

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

RGgw GW Concentration Source= 0.000932 mg/L
Cw = Target Leachate Conc = 0.01118 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.620E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 3.714 L/kg

RGsoil-to-gw = 0.044 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 371 L/kg

Radford Army Ammunition Plant
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Table G.1-2c
Soil-to-Groundwater RG for RDX using RGgw

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

RGgw GW Concentration Source= 0.0061 mg/L
Cw = Target Leachate Conc = 0.07320 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.580E-06 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.95 L/kg
RGsoil-to-gw = 0.161 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 195 L/kg
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Table G.1-2d
Soil-to-Groundwater RG for Aminodinitrotoluenes using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.073 mg/L
Cw = Target Leachate Conc = 0.87600 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 6.620E-09 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.005 L/kg

RG soil-to-gw = 1.095 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 101 L/kg

Radford Army Ammunition Plant
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Table G.1-2e
Soil-to-Groundwater RG for Nitroglycerin using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 0.0037 mg/L
Cw = Target Leachate Conc = 0.04440 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.040E-07 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RGsoil-to-gw (mg/kg) =Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.308 L/kg

RG soil-to-gw = 0.069 mg/kg

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 130.8 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results
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Table G.1-2f
Soil-to-Groundwater RG for Heptachlor Epoxide using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 7.4E-06 mg/L
Cw = Target Leachate Conc = 8.88E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 8.590E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 52.6 L/kg

RG soil-to-gw = 0.0047 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 5.26E+03 L/kg
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Table G.1-2g
Soil-to-Groundwater RG for 2,3,7,8-TCDD TEQ using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 12 --

T-RBC GW Concentration Source= 4.5E-10 mg/L
Cw = Target Leachate Conc = 5.40E-09 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.040E-03 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1460 L/kg

RG soil-to-gw = 7.89E-06 mg/kg

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 1.46E+05 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant
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Table G.1-3a
Soil Sample Assemblages for Post-Remedial Action Residual Risk Assessment - Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

54SB10A 54SB22A 54SB35A 54SB81A
54SB17A 54SB24A 54SB36A 54SB82A
54SB18A 54SB26A 54SB37A 54SB83A
54SB19A 54SB28A 54SB38A 54SB84A
54SB20A 54SB29A 54SB58A
54SB21A 54SB34A 54SB61A

54SB3B 54SB24B 54SB35B 54SB82B
54SB10B 54SB26B 54SB36B 54SB83B
54SB17B 54SB27B 54SB37B 54SB84B
54SB18B 54SB28B 54SB38B 54SB3C
54SB19B 54SB29B 54SB57B 54SB10C
54SB20B 54SB30B 54SB58B 54SB22C
54SB21B 54SB33B 54SB61B 54SB27C
54SB22B 54SB34B 54SB81B 54SB84C

54SB56A 54SB67A 54SB62B 54SB69B 54SB64C
54SB59A 54SB68A 54SB63B 54SB70B 54SB65C
54SB60A 54SB69A 54SB64B 54SB56C 54SB66C
54SB62A 54SB70A 54SB65B 54SB59C 54SB67C
54SB63A 54SB56B 54SB66B 54SB60C 54SB68C
54SB64A 54SB59B 54SB67B 54SB62C 54SB69C
54SB65A 54SB60B 54SB68B 54SB63C 54SB70C
54SB66A

54SB23C 54SB81C
54SB32C 54SB82C
54SB34C 54SB83C
54SB38C
54SB57C
54SB58C
54SB61C

Samples Removed Due to Remedial Action
54SB3A 54SB25B 54SB31B
54SB3B 54SB27A 54SB32A
54SB23A 54SB30A 54SB32B
54SB23B 54SB30B 54SB33A
54SB25A 54SB31A 54SB57A

Samples Collected at a Depth >15' Excluded from HHRA

Area A
Surface Soil Samples for Post-Remedial Action Residual Risk Assessment

Subsurface Soil Samples for Post-Remedial Action Residual Risk Assessment

Samples Collected Outside Fence Excluded from HHRA

Radford Army Ammunition Plant
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Table G.1-3b
Area A COPC Determination - Surface Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Scenario Timeframe:  Current/Future
Medium:  Surface Soil
Exposure Medium:  Surface Soil

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units

Location of 
Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion
Surface Soil TAL Metals

7429-90-5 Aluminum 6,620 15,600 mg/kg 54SB24A 17/17 2.4 - 6.8 15,600 7,821 N 102,200 N IND Y ARES
7440-36-0 Antimony 0.04 0.76 mg/kg 54SB34A (D) 6/14 0.0386 - 0.43 0.76 3.13 N 40.88 N IND N BSL
7440-38-2 Arsenic 0.67 1.6 mg/kg 54SB38A (D) 17/17 0.058 - 0.36 1.6 0.426 C 1.91 C IND Y ARES
7440-39-3 Barium 105 206 mg/kg 54SB38A (D) 17/17 0.02 - 0.103 206 1,564 N 20,440 N IND N BSL
7440-41-7 Beryllium 0.22 1 mg/kg 54SB38A (D) 17/17 0.01 - 0.0267 1 15.6 N 204 N IND N BSL
7440-43-9 Cadmium 0.1 1.4 mg/kg 54SB58A (D) 4/17 0.03 - 0.25 1 7.8 N 102.2 N IND N BSL
7440-70-2 Calcium 1,020 21,500 mg/kg 54SB21A 17/17 1 - 17.5 21,500 -- -- 1,095,000 -- RDA N BSL
7440-47-3 Chromium [1] 12 22.0 mg/kg 54SB37A 17/17 0.07 - 0.998 22.0 23.5 N 306.6 N IND N BSL
7440-48-4 Cobalt 5.8 10 mg/kg 54SB37A 17/17 0.07 - 0.233 10 -- -- -- -- -- Y NSV
7440-50-8 Copper 3.9 84.1 mg/kg 54SB34A (D) 17/17 0.15 - 0.516 84.1 313 N 4,088 N IND N BSL
7439-89-6 Iron 13,700 24,500 mg/kg 54SB38A (D) 17/17 0.731 - 1.7 24,500 5,475 N 71,540 N IND Y ARES
7439-92-1 Lead [2] 6.4 528 mg/kg 54SB34A (D) 18/18 0.041 - 0.29 528 400 -- 750 -- AL Y ARES
7439-95-4 Magnesium 1,880 4,490 mg/kg 54SB24A 17/17 0.66 - 7.67 4,490 -- -- 156,400 -- RDA N BSL
7439-96-5 Manganese 309 909 mg/kg 54SB38A (D) 17/17 0.02 - 0.474 909 156 N 2,044 N IND Y ARES
7439-97-6 Mercury [3] 0.017 0.06 mg/kg 54SB18A 17/17 0.0077 - 0.021 0.06 2.3 N 31 N IND N BSL
7440-02-0 Nickel 8.4 13.4 mg/kg 54SB37A 17/17 0.0775 - 0.13 13.4 156 N 2,044 N IND N BSL
7440-09-7 Potassium 832 1,510 mg/kg 54SB38A (D) 17/17 4.4 - 14.9 1,510 -- -- 2,607,000 -- RDA N BSL
7782-49-2 Selenium 0.057 2 mg/kg 54SB38A (D) 16/17 0.0486 - 0.41 2 39.1 N 511 N IND N BSL
7440-22-4 Silver 0.049 0.05 mg/kg 54SB58A (D) 2/17 0.0178 - 0.1 0.05 39.1 N 511 N IND N BSL
7440-23-5 Sodium 38 469 mg/kg 54SB38A (D) 14/17 27.1 - 36.4 469 -- -- 625,700 -- RDA N BSL
7440-28-0 Thallium 0.120 0.2 mg/kg 54SB58A (D) 2/13 0.0733 - 0.64 0.2 0.548 N 7.15 N IND N BSL
7440-62-2 Vanadium 16 39.9 mg/kg 54SB24A 17/17 0.08 - 0.401 39.9 7.82 N 102.2 N IND Y ARES
7440-66-6 Zinc 47.9 337 mg/kg 54SB34A (D) 17/17 0.11 - 0.789 337 2,346 N 30,660 N IND N BSL

TCL Pesticides/PCBs
72-55-9 4,4'-DDE ND ND mg/kg NA 0/7 -- ND 1.9E+00 C 8.4E+00 C IND N NA
50-29-3 4,4'-DDT ND ND mg/kg NA 0/7 -- ND 1.9E+00 C 8.4E+00 C IND N NA

5103-71-9 alpha-Chlordane [4] ND ND mg/kg NA 0/7 -- ND 1.8E+00 C 8.2E+00 C IND N NA
319-86-8 delta-BHC [5] ND ND mg/kg NA 0/7 -- ND 1.0E-01 C 4.5E-01 C IND N NA
1031-07-8 Endosulfan Sulfate [6] ND ND mg/kg NA 0/7 -- ND 4.7E+01 N 6.1E+02 N IND N NA
7421-93-4 Endrin aldehyde [7] ND ND mg/kg NA 0/7 -- ND 2.3E+00 N 3.1E+01 N IND N NA
58-89-9 gamma-BHC (Lindane) ND ND mg/kg NA 0/7 -- ND 4.9E-01 C 2.2E+00 C IND N NA

5103-74-2 gamma-Chlordane [4] ND ND mg/kg NA 0/7 -- ND 1.8E+00 C 8.2E+00 C IND N NA
76-44-8 Heptachlor ND ND mg/kg NA 0/7 -- ND 1.4E-01 C 6.4E-01 C IND N NA

1024-57-3 Heptachlor epoxide ND ND mg/kg NA 0/7 -- ND 7.0E-02 C 3.1E-01 C IND N NA
72-43-5 Methoxychlor ND ND mg/kg NA 0/7 -- ND 3.9E+01 N 5.1E+02 N IND N NA

11097-69-1 Aroclor 1254 [8] ND ND mg/kg NA 0/7 -- ND 1.6E-01 N 1.4E+00 C IND N NA
11096-82-5 Aroclor 1260 ND ND mg/kg NA 0/7 -- ND 3.2E-01 C 1.4E+00 C IND N NA

TCL SVOCs
88-74-4 2-Nitroaniline ND ND mg/kg NA 0/11 -- ND -- -- -- -- -- N NA

117-81-7 Bis(2-ethylhexyl)phthalate 6.1E-02 1.5E-01 mg/kg 54SB22A (B) 7/11 0.032 - 0.032 1.5E-01 4.6E+01 C 2.0E+02 C IND N BSL
84-74-2 Di-n-butylphthalate 4.9E-02 2.0E-01 mg/kg 54SB28A 2/11 0.38 - 0.4 2.0E-01 7.8E+02 N 1.0E+04 N IND N BSL

117-84-0 Di-n-octylphthalate 5.7E-02 3.2E-01 mg/kg 54SB28A 5/11 0.38 - 0.4 3.2E-01 -- -- -- -- -- Y NSV
84-66-2 Diethylphthalate 1.2E-01 2.7E-01 mg/kg 54SB26A 2/11 0.38 - 0.4 2.7E-01 6.3E+03 N 8.2E+04 N IND N BSL
86-30-6 N-Nitrosodiphenylamine ND ND mg/kg NA 0/11 -- ND 1.3E+02 C 5.8E+02 C IND N NA

Dioxin/Furans
-- Total 2,3,7,8-TCDD Equivalents 3.8E-08 8.6E-08 mg/kg 54SB34A (D) 3/3 -- 8.6E-08 4.3E-06 C 1.9E-05 C IND N BSL

PAHs
83-32-9 Acenaphthene 3.3E-02 8.1E-02 mg/kg 54SB26A 5/7 0.0059 - 0.051 8.1E-02 4.7E+02 N 6.1E+03 N IND N BSL

208-96-8 Acenaphthylene [9] 2.2E-02 3.6E-02 mg/kg 54SB18A 3/11 0.0059 - 0.051 3.6E-02 2.3E+02 N 3.1E+03 N IND N BSL
56-55-3 Benzo(a)anthracene 3.6E-03 4.0E-02 mg/kg 54SB21A 7/11 0.0022 - 0.01 4.0E-02 2.2E-01 C 3.9E+00 C IND N BSL
50-32-8 Benzo(a)pyrene 3.4E-03 1.9E-02 mg/kg 54SB24A 3/11 0.0016 - 0.01 1.9E-02 2.2E-02 C 3.9E-01 C IND N BSL

205-99-2 Benzo(b)fluoranthene 5.2E-03 2.8E-02 mg/kg 54SB27A (D) 4/11 0.0017 - 0.01 2.8E-02 2.2E-01 C 3.9E+00 C IND N BSL
191-24-2 Benzo(g,h,i)perylene [9] 3.2E-02 3.2E-02 mg/kg 54SB24A 1/11 0.0036 - 0.01 3.2E-02 2.3E+02 N 3.1E+03 N IND N BSL
207-08-9 Benzo(k)fluoranthene 3.7E-03 4.0E-02 mg/kg 54SB24A 4/11 0.0014 - 0.01 4.0E-02 2.2E+00 C 3.9E+01 C IND N BSL
218-01-9 Chrysene 4.5E-03 4.2E-02 mg/kg 54SB21A 5/11 0.0024 - 0.01 4.2E-02 2.2E+01 C 3.9E+02 C IND N BSL
53-70-3 Dibenz(a,h)anthracene 1.6E-02 3.6E-02 mg/kg 54SB24A 2/11 0.0042 - 0.01 3.6E-02 2.2E-02 C 3.9E-01 C IND Y ARES

206-44-0 Fluoranthene 4.8E-03 5.7E-02 mg/kg 54SB24A 11/11 0.0021 - 0.02 5.7E-02 3.1E+02 N 4.1E+03 N IND N BSL
193-39-5 Indeno(1,2,3-cd)pyrene 1.4E-02 1.1E-01 mg/kg 54SB24A 2/11 0.0025 - 0.01 1.1E-01 2.2E-01 C 3.9E+00 C IND N BSL
91-20-3 Naphthalene 4.6E-02 2.1E-01 mg/kg 54SB28A 5/6 0.014 - 0.049 2.1E-01 1.6E+02 N 2.0E+03 N IND N BSL
85-01-8 Phenanthrene [9] 1.9E-02 2.7E-02 mg/kg 54SB22A (B) 3/11 0.0085 - 0.051 2.7E-02 2.3E+02 N 3.1E+03 N IND N BSL

129-00-0 Pyrene 1.3E-02 7.0E-02 mg/kg 54SB21A 7/11 0.0043 - 0.02 7.0E-02 2.3E+02 N 3.1E+03 N IND N BSL

Screening 
Toxicity Value

(N/C)

Potential 
ARAR/TBC 

Value
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Table G.1-3b
Area A COPC Determination - Surface Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Scenario Timeframe:  Current/Future
Medium:  Surface Soil
Exposure Medium:  Surface Soil

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units

Location of 
Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion

Screening 
Toxicity Value

(N/C)

Potential 
ARAR/TBC 

Value
Explosives

99-35-4 1,3,5-Trinitrobenzene ND ND mg/kg NA 0/9 -- ND 2.3E+02 N 3.1E+03 N IND N NA
118-96-7 2,4,6-Trinitrotoluene[10] 4.3E-01 4.3E-01 mg/kg 54SB34A (D) 1/20 -- 4.3E-01 3.9E+00 N 5.1E+01 N IND N BSL
121-14-2 2,4-Dinitrotoluene ND ND mg/kg NA 0/20 -- ND 1.6E+01 N 2.0E+02 N IND N NA
606-20-2 2,6-Dinitrotoluene ND ND mg/kg NA 0/20 -- ND 7.8E+00 N 1.0E+02 N IND N NA

-- Dinitrotoluene Mix ND ND mg/kg NA 0/20 -- ND 9.4E-01 -- 4.2E+00 -- IND N NA
35572-78-2 2-Amino-4,6-Dinitrotoluene ND ND mg/kg NA 0/20 -- ND 1.6E+01 N 2.0E+02 N IND N NA
1946-51-0 4-Amino-2,6-Dinitrotoluene ND ND mg/kg NA 0/20 -- ND 1.6E+01 N 2.0E+02 N IND N NA

-- Aminodinitrotoluenes ND ND mg/kg NA 0/20 -- ND 1.6E+01 N 2.0E+02 N IND N NA
2691-41-0 HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, ND ND mg/kg NA 0/20 -- ND 3.9E+02 N 5.1E+03 N IND N NA

Notes:
COPC = Chemical of Potential Concern (A) = Facility-Wide Background Point Estimate as Reported in the Facility-Wide Background Study Report (IT 2001a)
CAS = Chemical Abstracts Service (B) = Re-sampled; Pesticides and PCBs analyzed January 2007.
TAL = Target Analyte List (D) = Re-sampled; Dioxin/Furans analyzed January 2007.
TCL = Target Compound List
PCB = Polychlorinated Biphenyl ARAR = Applicable, Relevant, and Appropriate Requirement
VOC = Volatile Organic Compound USEPA = U.S. Environmental Protection Agency
SVOC = Semivolatile Organic Compound TBC = To-Be-Considered
PAH = Polynuclear Aromatic Hydrocarbon RDA = Recommended Daily Allowance
TIC = Tentatively Identified Compound IND = Adjusted Industrial RBC
mg/kg = Milligram Per Kilogram AL = USEPA Action Level
RBC = USEPA Region III Risk-Based Concentration 
             (RBC) values from the October 11, 2007, ARES = Above Residential RBC
             RBC Table and October 11, 2007, Alternate RBC Table ARES/IND  = Above Residential RBC/Industrial RBC
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens BSL = Below Residential/Industrial RBC Screening Levels
N/C = Noncarcinogenic/Carcinogenic per EPA RBC Table (October 2007) NSV = No Screening Value Available
[1] =  Chromium VI RBC value was used
[2] =  Lead criteria are Action Levels; see USEPA Region III guidance ND = Not Detected
[3] =  Mercuric chloride soil RBC value used NA = Not Applicable
[4] = Chlordane RBC value was used
[5] = Alpha-BHC RBC value was used
[6] = Endosulfan RBC value was used
[7] = Endrin RBC value was used
[8] =  Noncarcinogenic Residential RBC value for Aroclor 1254 was used for screening
[9] = Pyrene RBC value was used
[10] =  Noncarcinogenic Residential and Industrial RBC values for 2,4,6-Trinitrotoluene were used for screening
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Table G.1-3c
Area A COPC Determination - Total Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Scenario Timeframe:  Current/Future
Medium:  Total Soil
Exposure Medium:  Total Soil

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion
Total Soil TAL Metals

7429-90-5 Aluminum 5,550 17,400 mg/kg 54SB19B 37/37 2.3 - 7.1 17,400 7,821 N 102,200 N IND Y ARES
7440-36-0 Antimony 0.04 4.8 mg/kg 54SB33B 14/30 0.0386 - 0.45 4.8 3.13 N 40.88 N IND Y ARES
7440-38-2 Arsenic 0.29 1.8 mg/kg 54SB34B (D) 36/37 0.058 - 0.37 1.8 0.426 C 1.91 C IND Y ARES
7440-39-3 Barium 57.5 206 mg/kg 54SB38A (D) 37/37 0.02 - 0.103 206 1,564 N 20,440 N IND N BSL
7440-41-7 Beryllium 0.22 1.1 mg/kg 54SB17B 37/37 0.01 - 0.0267 1.1 15.6 N 204.4 N IND N BSL
7440-43-9 Cadmium 0.1 1.5 mg/kg 54SB57B 7/37 0.03 - 0.25 1.5 7.8 N 102.2 N IND N BSL
7440-70-2 Calcium 666 21,500 mg/kg 54SB21A 37/37 1 - 17.5 21,500 -- -- 1,095,000 -- RDA N BSL
7440-47-3 Chromium [1] 9.7 24.3 mg/kg 54SB29B 37/37 0.06 - 0.998 24.3 23.5 N 306.6 N IND Y ARES
7440-48-4 Cobalt 4.7 11.4 mg/kg 54SB19B 37/37 0.06 - 0.233 11.4 -- -- -- -- -- Y NSV
7440-50-8 Copper 2 84.1 mg/kg 54SB34A (D) 37/37 0.15 - 0.516 84.1 313 N 4,088 N IND N BSL
7439-89-6 Iron 10,100 24,500 mg/kg 54SB38A (D) 37/37 0.731 - 1.7 24,500 5,475 N 71,540 N IND Y ARES
7439-92-1 Lead [2] 4.4 528 mg/kg 54SB34A (D) 39/39 0.041 - 0.29 528 400 -- 750 -- AL Y ARES
7439-95-4 Magnesium 1,760 4,490 mg/kg 54SB24A 37/37 0.64 - 7.67 4,490 -- -- 156,400 -- RDA N BSL
7439-96-5 Manganese 220 909 mg/kg 54SB38A (D) 37/37 0.02 - 0.474 909 156 N 2,044 N IND Y ARES
7439-97-6 Mercury [3] 0.012 0.22 mg/kg 54SB33B 35/37 0.0077 - 0.021 0.22 2.3 N 31 N IND N BSL
7440-02-0 Nickel 6.2 16 mg/kg 54SB17B 37/37 0.0775 - 0.13 16 156.4 N 2,044 N IND N BSL
7440-09-7 Potassium 819 1,510 mg/kg 54SB38A (D) 37/37 4.4 - 14.9 1,510 -- -- 2,607,000 -- RDA N BSL
7782-49-2 Selenium 0.057 2 mg/kg 54SB38A (D) 34/37 0.0486 - 0.41 2 39.1 N 511 N IND N BSL
7440-22-4 Silver 0.047 0.061 mg/kg 54SB57B 5/37 0.0178 - 0.1 0.061 39.1 N 511 N IND N BSL
7440-23-5 Sodium 32 525 mg/kg 54SB33B 34/37 25.9 - 38 525 -- -- 625,700 -- RDA N BSL
7440-28-0 Thallium 0.1 0.17 mg/kg 54SB57B 5/28 0.0733 - 0.64 0.17 0.548 N 7.154 N IND N BSL
7440-62-2 Vanadium 14.6 39.9 mg/kg 54SB24A 37/37 0.07 - 0.401 39.9 7.82 N 102.2 N IND Y ARES
7440-66-6 Zinc 30.1 337 mg/kg 54SB34A (D) 37/37 0.1 - 0.789 337 2,346 N 30,660 N IND N BSL

TCL Pesticides/PCBs
72-55-9 4,4'-DDE ND ND mg/kg NA 0/19 -- ND 1.9E+00 C 8.4E+00 C IND N NA
50-29-3 4,4'-DDT ND ND mg/kg NA 0/19 -- ND 1.9E+00 C 8.4E+00 C IND N NA

5103-71-9 alpha-Chlordane [4] ND ND mg/kg NA 0/19 -- ND 1.8E+00 C 8.2E+00 C IND N NA
319-86-8 delta-BHC [5] ND ND mg/kg NA 0/19 -- ND 1.0E-01 C 4.5E-01 C IND N NA
1031-07-8 Endosulfan Sulfate [6] ND ND mg/kg NA 0/19 -- ND 4.7E+01 N 6.1E+02 N IND N NA
7421-93-4 Endrin aldehyde [7] ND ND mg/kg NA 0/19 -- ND 2.3E+00 N 3.1E+01 N IND N NA
58-89-9 gamma-BHC (Lindane) ND ND mg/kg NA 0/19 -- ND 4.9E-01 C 2.2E+00 C IND N NA

5103-74-2 gamma-Chlordane [4] ND ND mg/kg NA 0/19 -- ND 1.8E+00 C 8.2E+00 C IND N NA
76-44-8 Heptachlor ND ND mg/kg NA 0/19 -- ND 1.4E-01 C 6.4E-01 C IND N NA

1024-57-3 Heptachlor epoxide 1.9E-03 1.9E-03 mg/kg 54SB33B 1/19 0.00026 - 0.00415 1.9E-03 7.0E-02 C 3.1E-01 C IND N BSL
72-43-5 Methoxychlor ND ND mg/kg NA 0/19 -- ND 3.9E+01 N 5.1E+02 N IND N NA

11097-69-1 Aroclor 1254 [8] ND ND mg/kg NA 0/19 -- ND 1.6E-01 N 1.4E+00 C IND N NA
11096-82-5 Aroclor 1260 ND ND mg/kg NA 0/19 -- ND 3.2E-01 C 1.4E+00 C IND N NA

TCL SVOCs
88-74-4 2-Nitroaniline ND ND mg/kg NA 0/24 -- ND -- -- -- -- -- N NA
117-81-7 Bis(2-ethylhexyl)phthalate 3.0E-02 1.9E-01 mg/kg 54SB22B (B) 15/24 0.032 - 0.032 1.9E-01 4.6E+01 C 2.0E+02 C IND N BSL
84-74-2 Di-n-butylphthalate 4.9E-02 3.4E-01 mg/kg 54SB33B 3/24 0.38 - 0.42 3.4E-01 7.8E+02 N 1.0E+04 N IND N BSL
117-84-0 Di-n-octylphthalate 3.5E-02 3.2E-01 mg/kg 54SB28A 8/24 0.38 - 0.42 3.2E-01 -- -- -- -- -- Y NSV
84-66-2 Diethylphthalate 1.2E-01 2.7E-01 mg/kg 54SB26A 3/24 0.38 - 0.42 2.7E-01 6.3E+03 N 8.2E+04 N IND N BSL
86-30-6 N-Nitrosodiphenylamine 1.3E-01 1.3E-01 mg/kg 54SB33B 1/24 0.38 - 0.42 1.3E-01 1.3E+02 C 5.8E+02 C IND N BSL

Dioxin/Furans
-- Total 2,3,7,8-TCDD Equivalents 2.9E-08 2.4E-06 mg/kg 54SB58A (D) 13/13 -- 2.4E-06 4.3E-06 C 1.9E-05 C IND N BSL

PAHs
83-32-9 Acenaphthene 2.7E-02 2.6E-01 mg/kg 54SB24B 9/15 0.0058 - 0.053 2.6E-01 4.7E+02 N 6.1E+03 N IND N BSL
208-96-8 Acenaphthylene [9] 1.0E-02 4.3E-02 mg/kg 54SB20B 5/24 0.0059 - 0.053 4.3E-02 2.3E+02 N 3.1E+03 N IND N BSL
120-12-7 Anthracene 1.5E-02 1.5E-02 mg/kg 54SB20B 1/24 0.0054 - 0.053 1.5E-02 2.3E+03 N 3.1E+04 N IND N BSL
56-55-3 Benzo(a)anthracene 3.6E-03 8.0E-02 mg/kg 54SB20B 9/24 0.0022 - 0.01 8.0E-02 2.2E-01 C 3.9E+00 C IND N BSL
50-32-8 Benzo(a)pyrene 2.0E-03 4.2E-02 mg/kg 54SB20B 6/24 0.0016 - 0.01 4.2E-02 2.2E-02 C 3.9E-01 C IND Y ARES
205-99-2 Benzo(b)fluoranthene 4.9E-03 1.1E-01 mg/kg 54SB20B 7/24 0.0017 - 0.01 1.1E-01 2.2E-01 C 3.9E+00 C IND N BSL
191-24-2 Benzo(g,h,i)perylene [9] 3.2E-02 3.2E-02 mg/kg 54SB20B 2/24 0.0036 - 0.01 3.2E-02 2.3E+02 N 3.1E+03 N IND N BSL
207-08-9 Benzo(k)fluoranthene 3.7E-03 1.2E-01 mg/kg 54SB20B 7/24 0.0014 - 0.01 1.2E-01 2.2E+00 C 3.9E+01 C IND N BSL
218-01-9 Chrysene 4.5E-03 4.2E-02 mg/kg 54SB21A 7/24 0.0024 - 0.01 4.2E-02 2.2E+01 C 3.9E+02 C IND N BSL
53-70-3 Dibenz(a,h)anthracene 1.6E-02 3.6E-02 mg/kg 54SB24A 3/24 0.0042 - 0.01 3.6E-02 2.2E-02 C 3.9E-01 C IND Y ARES
206-44-0 Fluoranthene 4.8E-03 4.6E-01 mg/kg 54SB20B 19/24 0.0021 - 0.022 4.6E-01 3.1E+02 N 4.1E+03 N IND N BSL
86-73-7 Fluorene 2.6E-02 2.6E-02 mg/kg 54SB20B 1/9 0.014 - 0.014 2.6E-02 3.1E+02 N 4.1E+03 N IND N BSL
193-39-5 Indeno(1,2,3-cd)pyrene 5.9E-03 1.1E-01 mg/kg 54SB24A 3/24 0.0025 - 0.01 1.1E-01 2.2E-01 C 3.9E+00 C IND N BSL
91-20-3 Naphthalene 2.3E-02 2.1E-01 mg/kg 54SB28A 7/12 0.014 - 0.049 2.1E-01 1.6E+02 N 2.0E+03 N IND N BSL
85-01-8 Phenanthrene [9] 1.1E-02 2.7E-02 mg/kg 54SB22A (B) 4/24 0.0085 - 0.053 2.7E-02 2.3E+02 N 3.1E+03 N IND N BSL
129-00-0 Pyrene 8.1E-03 3.2E-01 mg/kg 54SB20B 15/24 0.0043 - 0.022 3.2E-01 2.3E+02 N 3.1E+03 N IND N BSL

Screening Toxicity 
Value
(N/C)

Potential 
ARAR/TBC Value
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Table G.1-3c
Area A COPC Determination - Total Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion

Screening Toxicity 
Value
(N/C)

Potential 
ARAR/TBC Value

Explosives
99-35-4 1,3,5-Trinitrobenzene ND ND mg/kg NA 0/22 -- ND 2.3E+02 N 3.1E+03 N IND N NA
118-96-7 2,4,6-Trinitrotoluene[10] 4.3E-01 4.3E-01 mg/kg 54SB34A (D) 1/45 0.051 - 0.16 4.3E-01 3.9E+00 N 5.1E+01 N IND N BSL
121-14-2 2,4-Dinitrotoluene ND ND mg/kg NA 0/45 -- ND 1.6E+01 N 2.0E+02 N IND N NA
606-20-2 2,6-Dinitrotoluene ND ND mg/kg NA 0/45 -- ND 7.8E+00 N 1.0E+02 N IND N NA

-- Dinitrotoluene Mix ND ND mg/kg NA 0/45 -- ND 9.4E-01 -- 4.2E+00 -- IND N NA
35572-78-2 2-Amino-4,6-Dinitrotoluene ND ND mg/kg NA 0/45 0.088 - 1 ND 1.6E+01 N 2.0E+02 N IND N NA
1946-51-0 4-Amino-2,6-Dinitrotoluene ND ND mg/kg NA 0/45 0.053 - 0.095 ND 1.6E+01 N 2.0E+02 N IND N NA

-- Aminodinitrotoluenes ND ND mg/kg NA 0/45 -- ND 1.6E+01 N 2.0E+02 N IND N NA
2691-41-0 HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, ND ND mg/kg NA 0/45 -- ND 3.9E+02 N 5.1E+03 N IND N NA

Nitroglycerin
55-63-0 Nitroglycerin ND ND mg/kg NA 0/37 -- ND 7.8E-01 N 1.0E+01 N IND N NA

Notes:
COPC = Chemical of Potential Concern (A) = Facility-Wide Background Point Estimate as Reported in the Facility-Wide Background Study Report (IT 2001a)
CAS = Chemical Abstracts Service (B) = Re-sampled; Pesticides and PCBs analyzed January 2007.
TAL = Target Analyte List (D) = Re-sampled; Dioxin/Furans analyzed January 2007.
TCL = Target Compound List
PCB = Polychlorinated Biphenyl USEPA = U.S. Environmental Protection Agency
VOC = Volatile Organic Compound ARAR = Applicable, Relevant, and Appropriate Requirement
SVOC = Semivolatile Organic Compound TBC = To-Be-Considered
PAH = Polynuclear Aromatic Hydrocarbon RDA = Recommended Daily Allowance
TIC = Tentatively Identified Compound IND = Adjusted Industrial RBC
mg/kg = Milligram Per Kilogram AL = USEPA Action Level
RBC = USEPA Region III Risk-Based Concentration 
             (RBC) values from the October 11, 2007, ARES = Above Residential RBC
             RBC Table and October 11, 2007, Alternate RBC Table ARES/IND = Above Residential RBC/Industrial RBC
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens BSL = Below Residential/Industrial RBC Screening Levels
N/C = Noncarcinogenic/Carcinogenic per EPA RBC Table (October 2007) NSV = No Screening Value Available
[1] =  Chromium VI RBC value was used
[2] =  Lead criteria are Action Levels; see USEPA Region III guidance ND = Not Detected
[3] =  Mercuric chloride soil RBC value used NA = Not Applicable
[4] = Chlordane RBC value was used
[5] = Alpha-BHC RBC value was used
[6] = Endosulfan RBC value was used
[7] = Endrin RBC value was used
[8] =  Noncarcinogenic Residential RBC value for Aroclor 1254 was used for screening
[9] = Pyrene RBC value was used
[10] =  Noncarcinogenic Residential and Industrial RBC values for 2,4,6-Trinitrotoluene were used for screening

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.1-3d
Area A Post-Removal Action EPCs - Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

11 5

5 6

54.55%

57 4.043

320 5.768

177.4 5.031

98.48 0.644

380 5.94

400 5.991

11

0

100.00%

0.971 0.95

0.762 0.762

187.5 5.165

63.08 0.427

221.9 412.2

N/A

5.031

0.504

170.5

79.04

209.3

213.1

1.558

113.9

15.58

0.228

0.682

0.682 177.4

0.359 88.09

44.04

257.2

249.8

262.5

57 309.4

320 252.5

179 250

183.2 369.4

78.47 452.4

3.691 615.6

48.49

81.2

61.44 257.2

236.5 250

247.8

AppChi2    95% KM (t) UCL

Note: DL/2 is not a recommended method.

   95% Adjusted Gamma UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum

Maximum    95% KM (BCA) UCL

   95% KM (bootstrap t) UCL

   95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Assuming Gamma Distribution

SE of Mean

   95% KM (t) UCL

Data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic

5% A-D Critical Value Kaplan-Meier (KM) Method

Nonparametric Statistics

nu star

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

SD in Original Scale

Mean in Original Scale

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

UCL Statistics

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

the resulting calculations may not be reliable enough tp draw conclusions

Warning:  There are only 5 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

DI-N-OCTYL PHTHALATE (ug/kg)

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   WorkSheet.wst

Full Precision   OFF

General UCL Statistics for Data Sets with Non-Detects

User Selected Options



Table G.1-3d
Area A Post-Removal Action EPCs - Surface Soil

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

11 2

2 9

81.82%

16 2.773

36 3.584

26 3.178

14.14 0.573

4.2 1.435

10 2.303

9

2

81.82%

1 1

    N/A        N/A    

6.95 1.338

10.48 0.985

12.68 8.38

N/A

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

    N/A    

0.359

    N/A    

    N/A    17.82

    N/A    5.75

2.452

22.26

21.85

31.62

    N/A    1.798E+308

    N/A    36

    N/A    36

    N/A    28.5

    N/A    33.13

    N/A    42.21

    N/A    

    N/A    

    N/A    22.26

    N/A    36

    N/A

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (% Bootstrap) UCL

Nu star Potential UCLs to Use

   95% Adjusted Gamma UCL

k star 99% KM (Chebyshev) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

5% K-S Critical Value SD

Data not Gamma Distributed at 5% Significance Level SE of Mean

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

nu star

k star (bias corrected)

Theta Star

Data do not follow a Discernable Distribution (0.05)

Data Distribution Test with Detected Values OnlyGamma Distribution Test with Detected Values Only

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Mean in Original Scale

SD in Original Scale

Mean in Log Scale

SD in Log Scale

MLE method failed to converge properly

Maximum Likelihood Estimate(MLE) Method Log ROS Method

SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

SD

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

Assuming Normal Distribution Assuming Lognormal Distribution

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic

Normal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic

UCL Statistics

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

It is necessary to have 4 or more Distinct Values for bootstrap methods.

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

Unless Data Quality Objectives (DQOs) have been met, it is suggested to collect additional observations.

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

Warning: Data set has only 2 Distinct Detected Values.

This may not be adequate enough to compute meaningful and reliable test statistics and estimates.

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods),

Note: Data have multiple DLs - Use of KM Method is recommended

Number treated as Detected

Maximum Non-Detect Maximum Non-Detect

Minimum Non-Detect Minimum Non-Detect

Minimum Detected

Maximum Detected

Minimum Detected

Maximum Detected

Mean of DetectedMean of Detected

SD of Detected SD of Detected

Raw Statistics Log-transformed Statistics

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Number of Valid Data Number of Detected Data

General Statistics

DIBENZO(A,H)ANTHRACENE (ug/kg)



Table G.1-3d
Area A Post-Removal Action EPCs - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammuition Plant, Radford, Virginia

24 8

8 16

66.67%

35 3.555

320 5.768

158 4.769

113 0.879

380 5.94

420 6.04

24

0

100.00%

0.896 0.894

0.818 0.818

186.6 5.125

65.9 0.55

209.7 345.2

N/A

4.769

0.726

149

99.58

181.7

185.1

1.242

127.2

19.87

0.382

0.725

0.725 158

0.298 105.7

39.96

226.5

223.7

229.7

9.586 246.5

320 223

158.9 224.1

156.3 332.2

95.7 407.6

1.723 555.6

92.24

82.7

62.75 226.5

209.5 224.1

213.6

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

From File   WorkSheet.wst

Full Precision   OFF

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

DI-N-OCTYL PHTHALATE (ug/kg)

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning:  There are only 8 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

MLE method failed to converge properly Mean in Log Scale

SD in Log Scale

SD in Original Scale

Mean in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) Data appear Normal at 5% Significance Level

Theta Star

nu star

A-D Test Statistic

5% A-D Critical Value Kaplan-Meier (KM) Method

Nonparametric Statistics

K-S Test Statistic Mean

5% K-S Critical Value SD

SE of Mean

   95% KM (t) UCL

Data appear Gamma Distributed at 5% Significance Level

   95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Assuming Gamma Distribution

Minimum

Maximum    95% KM (BCA) UCL

   95% KM (bootstrap t) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Theta star

   95% Adjusted Gamma UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

Note: DL/2 is not a recommended method.



Table G.1-3d
Area A Post-Removal Action EPCs - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammuition Plant, Radford, Virginia

24 6

6 18

75.00%

2 0.693

42 3.738

13.12 1.971

15.55 1.215

1.6 0.47

10 2.303

22

2

91.67%

0.788 0.921

0.788 0.788

4.744 0.705

8.925 1.183

7.866 5.664

N/A

-0.906

2.203

3.544

9.198

6.79

8.439

0.592

22.15

7.105

0.379

0.716

0.716 4.875

0.341 8.578

1.927

8.177

8.044

7.666

1E-09 12.75

175.5 13.74

50.82 9.167

38.45 13.27

50.51 16.91

0.373 24.04

136.3

17.89

9.313 8.177

97.63 9.167

102.4

Mean    95% KM (Percentile Bootstrap) UCL

Theta star

Median 95% KM (Chebyshev) UCL

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

BENZO(A)PYRENE (ug/kg)

Number of Valid Data Number of Detected Data

General Statistics

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Raw Statistics Log-transformed Statistics

Minimum Detected

Maximum Detected

Minimum Detected

Maximum Detected

Mean of DetectedMean of Detected

SD of Detected SD of Detected

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Number treated as Non-Detect

For all methods (except KM, DL/2, and ROS Methods),

Note: Data have multiple DLs - Use of KM Method is recommended

Number treated as Detected

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage

Warning:  There are only 6 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

UCL Statistics

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method

Mean

DL/2 Substitution Method

Mean

SD SD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Log Scale

SD in Log Scale

MLE method failed to converge properly

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected)

Theta Star

Data appear Normal at 5% Significance Level

nu star

A-D Test Statistic

5% A-D Critical Value

Nonparametric Statistics

Kaplan-Meier (KM) Method

K-S Test Statistic Mean

5% K-S Critical Value SD

SE of MeanData appear Gamma Distributed at 5% Significance Level

   95% KM (t) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Potential UCLs to UseNu star

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.



Table G.1-3d
Area A Post-Removal Action EPCs - Total Soil

SWMU 54 RFI/CMS Report
Radford Army Ammuition Plant, Radford, Virginia

24 3

3 21

87.50%

16 2.773

36 3.584

27.33 3.252

10.26 0.425

4.2 1.435

10 2.303

21

3

87.50%

0.949 0.908

0.767 0.767

5.848 1.234

8.906 0.863

8.964 5.612

N/A

1.06

1.243

6.147

9.082

9.237

10.37

    N/A    

    N/A    

    N/A    

0.357

    N/A    

    N/A    17.42

    N/A    4.778

1.194

19.46

19.38

26.34

    N/A    18.18

    N/A        N/A    

    N/A        N/A    

    N/A    22.62

    N/A    24.88

    N/A    29.3

    N/A    

    N/A    

    N/A    19.46

    N/A        N/A    

    N/A   95% Adjusted Gamma UCL

Note: DL/2 is not a recommended method.

AppChi2    95% KM (t) UCL

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

Theta star

Nu star Potential UCLs to Use

SD 97.5% KM (Chebyshev) UCL

k star 99% KM (Chebyshev) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Median 95% KM (Chebyshev) UCL

Minimum    95% KM (bootstrap t) UCL

Maximum    95% KM (BCA) UCL

Assuming Gamma Distribution    95% KM (z) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Data not Gamma Distributed at 5% Significance Level SE of Mean

   95% KM (t) UCL

K-S Test Statistic Mean

5% K-S Critical Value SD

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value Kaplan-Meier (KM) Method

nu star

DIBENZO(A,H)ANTHRACENE

Number of Detected Data

General Statistics

Number of Valid Data

Number of Distinct Detected Data Number of Non-Detect Data

Percent Non-Detects

Minimum Detected Minimum Detected

Raw Statistics Log-transformed Statistics

Maximum Detected Maximum Detected

Mean of Detected Mean of Detected

Minimum Non-Detect Minimum Non-Detect

SD of Detected SD of Detected

Maximum Non-Detect Maximum Non-Detect

Number treated as Non-Detect

Number treated as Detected

Note: Data have multiple DLs - Use of KM Method is recommended

For all methods (except KM, DL/2, and ROS Methods),

Single DL Non-Detect PercentageObservations < Largest ND are treated as NDs

Warning:  There are only 3 Distinct Detected Values in this data set

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

DL/2 Substitution Method

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method

Mean Mean

SDSD

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Log ScaleMLE yields a negative mean

SD in Log Scale

Mean in Original Scale

SD in Original Scale

   95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

Theta Star

k star (bias corrected)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

Data appear Normal at 5% Significance Level



Table G.1-3e
EPCs including Soil-to-Groundwater Remedial Goals, Residual Soil EPCs, and Grounwater for Beneficial Reuse Remedial Goals

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Soil Analyte
Surface Soil CAS

EPC
(mg/kg)

Soil Analyte
Total Soil CAS

EPC
(mg/kg) Groundwater Analyte CAS

EPC
(ug/L)

Heptachlor epoxide 1024-57-3 0.0047 Heptachlor epoxide 1024-57-3 0.0047 Cobalt 7440-36-0 2.4
Di-n-octylphthalate 117-84-0 0.257 Di-n-octylphthalate 117-84-0 0.227 Manganese 7439-96-5 190.5
Dibenz(a,h)anthracene 53-70-3 0.0223 Benzo(a)pyrene 50-32-8 0.00818 2,4,6-Trinitrotoluene 118-96-7 7.82
2,4,6-Trinitrotoluene 118-96-7 1.7 Dibenz(a,h)anthracene 53-70-3 0.0195 Dinitrotoluene Mix -- 0.932
Aminodinitrotoluene --- 1.095 Aminodinitrotoluene --- 1.095 4-Nitrotoluene 99-99-0 0.94
2,4-Dinitrotoluene 121-14-2 0.022 2,4,6-Trinitrotoluene 118-96-7 1.7 RDX 121-82-4 6.1
2,6-Dinitrotoluene 606-20-2 0.022 2,4-Dinitrotoluene 121-14-2 0.022 Perchlorate 14797-73-0 10.9
Dinitrotoluene Mix -- 0.044 2,6-Dinitrotoluene 606-20-2 0.022
2,3,7,8-TCDD TEQ 1746-01-6 7.89E-06 Dinitrotoluene Mix -- 0.044

Nitroglycerin 55-63-0 0.069
2,3,7,8-TCDD TEQ 1746-01-6 7.89E-06

Notes:
CAS = Chemical Abstract System
EPC = Exposure Point Concentration

= Remedial Goal
= Residual Soil EPC
= Groundwater MDC

mg/kg = milligam per kilogram
ug/L = microgram per liter



Scenario Timeframe: Current/Future
Receptor Population:  Maintenance Worker
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Surface Soil Soil Soil Heptachlor epoxide 3.E-09 -- 1.E-09 4.E-09 Heptachlor epoxide liver 7.E-05 -- 2.E-05 9.E-05

Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate liver/thyroid 1.E-06 -- 4.E-07 2.E-06
Dibenz(a,h)anthracene 1.E-08 -- 5.E-09 2.E-08 Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes liver 1.E-04 -- 2.E-06 1.E-04
2,4,6-Trinitrotoluene 2.E-09 -- 2.E-10 2.E-09 2,4,6-Trinitrotoluene liver 4.E-04 -- 4.E-05 5.E-04
2,4,6-Trinitrotoluene 2.E-09 -- 2.E-10 2.E-09 2,4,6-Trinitrotoluene liver 4.E-04 -- 4.E-05 5.E-04
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 9.E-07 -- 3.E-07 1.E-06
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene CNS/ blood/ liver 2.E-06 -- 6.E-07 2.E-06
Dinitrotoluene Mix -- -- 3.E-11 3.E-11 Dinitrotoluene Mix -- -- -- -- --
2,3,7,8-TCDD TEQ -- -- 8.E-09 8.E-09 2,3,7,8-TCDD TEQ -- -- -- -- --

2.E-08 -- 1.E-08 3.E-08 1.0.E-03 -- 1.1.E-04 1.E-03
Air Air Heptachlor epoxide -- 3.E-13 -- 3.E-13 Heptachlor epoxide NA -- -- -- --

(Fugitive Dust) Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate NA -- -- -- --
Dibenz(a,h)anthracene -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix -- -- -- -- --
2,3,7,8-TCDD TEQ -- 7.E-12 -- 7.E-12 2,3,7,8-TCDD TEQ NA -- -- -- --

-- 8.E-12 -- 8.E-12 -- -- -- --
Total Risk Across Soil 3.E-08 Total Hazard Index Across Soil 1.E-03

Total Risk Across All Media and All Exposure Routes  3.E-08 Total Hazard Index Across All Media and All Exposure Routes  1.E-03

Total blood HI across all media = 4.E-06
Total CNS HI across all media = 4.E-06
Total liver HI across all media = 1.E-03

Total thyroid HI across all media = 2.E-06

Table G.1-3f
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Maintenance Worker

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Commercial Worker
Receptor Age: Adult

 
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Total Soil Soil Soil Heptachlor epoxide 7.E-09 -- 5.E-09 1.E-08 Heptachlor epoxide liver 2.E-04 -- 1.E-04 3.E-04

Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate liver/thyroid 3.E-06 -- 2.E-06 5.E-06
Benzo(a)pyrene 1.E-08 -- 9.E-09 2.E-08 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene 2.E-08 -- 2.E-08 5.E-08 Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes liver 3.E-04 -- 1.E-05 3.E-04
2,4,6-Trinitrotoluene 6.E-09 -- 1.E-09 7.E-09 2,4,6-Trinitrotoluene liver 1.E-03 -- 2.E-04 1.E-03
2,4,6-Trinitrotoluene 6.E-09 -- 1.E-09 7.E-09 2,4,6-Trinitrotoluene liver 1.E-03 -- 2.E-04 1.E-03
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 2.E-06 -- 1.E-06 4.E-06
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene CNS/ blood/ liver 4.E-06 -- 3.E-06 7.E-06
Dinitrotoluene Mix 2.E-09 -- 1.E-10 2.E-09 Dinitrotoluene Mix NA -- -- -- --
Nitroglycerin 2.E-10 -- 1.E-11 2.E-10 Nitroglycerin vascular 3.E-04 -- 2.E-05 4.E-04
2,3,7,8-TCDD TEQ 2.E-07 -- 4.E-08 2.E-07 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 3.E-07 -- 8.E-08 3.E-07 Total 3.E-03 -- 6.E-04 3.E-03
Air Air Heptachlor epoxide -- 2.E-12 -- 2.E-12 Heptachlor epoxide NA -- -- -- --

(Fugitive Dust) Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate NA -- -- -- --
Benzo(a)pyrene -- 1.E-12 -- 1.E-12 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 5.E-11 -- 5.E-11 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 5.E-11 -- 5.E-11 Total -- -- -- --
Groundwater Groundwater Groundwater Cobalt -- -- -- -- Cobalt blood 6.E-02 -- 3.E-04 6.E-02

used as tapwater Manganese -- -- -- -- Manganese CNS 9.E-02 -- 2.E-03 1.E-01
2,4,6-Trinitrotoluene 8.2.E-07 -- 3.E-09 8.2.E-07 2,4,6-Trinitrotoluene liver 2.E-01 -- 5.E-04 2.E-01
Dinitrotoluene Mix 2.2.E-06 -- 2.E-08 2.2.E-06 Dinitrotoluene Mix NA -- -- -- --
4-Nitrotoluene -- -- -- -- 4-Nitrotoluene NA -- -- -- --
RDX 2.3.E-06 -- -- 2.3.E-06 RDX prostate 2.E-02 -- -- 2.E-02
Perchlorate -- -- -- -- Perchlorate thyroid 2.E-01 -- 1.E-04 2.E-01

Total 5.E-06 -- 2.E-08 5.E-06 Total 5.E-01 -- 3.E-03 5.E-01
Total Risk Across Soil 3.E-07 Total Hazard Index Across Soil 3.E-03

Total Risk Across Groundwater 5.E-06 Total Hazard Index Across Groundwater 5.E-01

Total Risk Across All Media and All Exposure Routes  6.E-06 Total Hazard Index Across All Media and All Exposure Routes  5.E-01

Total blood HI across all media = 6.E-02
Total CNS HI across all media = 1.E-01
Total liver HI across all media = 2.E-01

Total vascular HI across all media = 4.E-04
Total prostate HI across all media = 2.E-02

Total thyroid HI across all media = 2.E-01

Table G.1-3g
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Commercial Worker

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Current/Future
Receptor Population:  Construction Worker
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Total Soil Soil Soil Heptachlor epoxide 2.E-09 -- 6.E-10 3.E-09 Heptachlor epoxide liver 1.E-03 -- 3.E-04 2.E-03

Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate liver/thyroid 2.E-06 -- 5.E-07 2.E-06
Benzo(a)pyrene 3.E-09 -- 1.E-09 4.E-09 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene 7.E-09 -- 3.E-09 9.E-09 Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes liver 2.E-03 -- 3.E-05 2.E-03
2,4,6-Trinitrotoluene 1.E-09 -- 1.E-10 2.E-09 2,4,6-Trinitrotoluene liver 7.E-03 -- 6.E-04 8.E-03
2,4,6-Trinitrotoluene 1.E-09 -- 1.E-10 2.E-09 2,4,6-Trinitrotoluene liver 7.E-03 -- 6.E-04 8.E-03
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 1.E-05 -- 4.E-06 2.E-05
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene CNS/ blood/ liver 3.E-06 -- 9.E-07 4.E-06
Dinitrotoluene Mix 6.E-10 -- 2.E-11 6.E-10 Dinitrotoluene Mix -- -- -- -- --
Nitroglycerin 5.E-11 -- 2.E-12 6.E-11 Nitroglycerin vascular 2.E-03 -- 7.E-05 2.E-03
2,3,7,8-TCDD TEQ 5.E-08 -- 5.E-09 6.E-08 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 7.E-08 -- 9.E-09 8.E-08 Total 2.E-02 -- 2.E-03 2.E-02
Air Air Heptachlor epoxide -- 1.E-10 -- 1.E-10 Heptachlor epoxide NA -- -- -- --

(Fugitive Dust) Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate NA -- -- -- --
Benzo(a)pyrene -- 6.E-11 -- 6.E-11 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 3.E-09 -- 3.E-09 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 3.E-09 -- 3.E-09 Total -- -- -- --
Groundwater Groundwater Groundwater Cobalt -- -- -- -- Cobalt blood 1.E-03 -- 5.E-03 6.E-03

Manganese -- -- -- -- Manganese CNS 9.E-04 -- 2.E-02 2.E-02
2,4,6-Trinitrotoluene 3.E-10 -- 4.E-10 7.8.E-10 2,4,6-Trinitrotoluene liver 2.E-03 -- 2.E-03 4.E-03
4-Nitrotoluene -- -- -- -- 4-Nitrotoluene NA -- -- -- --
RDX 9.E-10 -- 1.E-10 1.0.E-09 RDX prostate 2.E-04 -- 9.E-05 3.E-04
Perchlorate -- -- -- -- Perchlorate thyroid 2.E-03 -- 1.E-03 3.E-03

Total 1.E-09 -- 6.E-10 2.E-09 Total 5.E-03 -- 2.E-02 3.E-02
Total Risk Across Soil 8.E-08 Total Hazard Index Across Soil 2.E-02

Total Risk Across Groundwater 2.E-09 Total Hazard Index Across Groundwater 3.E-02

Total Risk Across All Media and All Exposure Routes  8.E-08 Total Hazard Index Across All Media and All Exposure Routes  5.E-02

Total blood HI across all media = 6.E-03
Total CNS HI across all media = 2.E-02
Total liver HI across all media = 2.E-02

Total vascular HI across all media = 2.E-03
Total prostate HI across all media = 3.E-04

Total thyroid HI across all media = 3.E-03

Table G.1-3h
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Construction Worker

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ Routes Total
Total Soil Soil Soil Heptachlor epoxide 2.E-08 -- 8.E-09 3.E-08 Heptachlor epoxide liver 5.E-04 -- 2.E-04 7.E-04

Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate liver/thyroid 8.E-06 -- 3.E-06 1.E-05
Benzo(a)pyrene* 5.E-08 -- 3.E-08 8.E-08 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene* 1.E-07 -- 6.E-08 2.E-07 Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Dibenz(a,h)anthracene liver 8.E-04 -- 2.E-05 8.E-04
2,4,6-Trinitrotoluene 2.E-08 -- 2.E-09 2.E-08 Dibenz(a,h)anthracene liver 3.E-03 -- 4.E-04 3.E-03
2,4,6-Trinitrotoluene 2.E-08 -- 2.E-09 2.E-08 2,4,6-Trinitrotoluene liver 3.E-03 -- 4.E-04 3.E-03
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 6.E-06 -- 2.E-06 9.E-06
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene CNS/ blood/ liver 1.E-05 -- 5.E-06 2.E-05
Dinitrotoluene Mix 6.E-09 -- 2.E-10 6.E-09 Dinitrotoluene Mix NA -- -- -- --
Nitroglycerin 6.E-10 -- 2.E-11 6.E-10 Nitroglycerin vascular 9.E-04 -- 4.E-05 1.E-03
2,3,7,8-TCDD TEQ 6.E-07 -- 7.E-08 6.E-07 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 8.E-07 -- 2.E-07 9.E-07 Total 8.E-03 -- 1.E-03 9.E-03
Air Air Heptachlor epoxide -- 4.E-13 -- 4.E-13 Heptachlor epoxide NA -- -- -- --

(Fugitive Dust) Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate NA -- -- -- --
Benzo(a)pyrene* -- 4.E-13 -- 4.E-13 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene* -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 1.E-11 -- 1.E-11 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 1.E-11 -- 1.E-11 Total -- -- -- --
Groundwater Groundwater Groundwater Cobalt -- -- -- -- Cobalt blood 2.E-01 -- 6.E-03 2.E-01

used as tapwater Manganese -- -- -- -- Manganese CNS 3.E-01 -- 3.E-02 3.E-01
2,4,6-Trinitrotoluene 2.E-06 -- 6.E-08 2.E-06 2,4,6-Trinitrotoluene liver 4.E-01 -- 1.E-02 4.E-01
Dinitrotoluene Mix 6.E-06 -- 4.E-07 6.E-06 Dinitrotoluene Mix NA -- -- -- --
4-Nitrotoluene -- -- -- -- 4-Nitrotoluene NA -- -- -- --
RDX 6.E-06 -- 2.E-08 6.E-06 RDX prostate 6.E-02 -- 5.E-04 6.E-02
Perchlorate -- -- -- -- Perchlorate thyroid 4.E-01 -- 2.E-03 4.E-01

Total 1.4.E-05 -- 4.E-07 1.5.E-05 Total 1.3.E+00 -- 5.E-02 1.E+00
Total Risk Across Soil 9.E-07 Total Hazard Index Across Soil 9.E-03

Total Risk Across Groundwater 1.E-05 Total Hazard Index Across Groundwater 1.E+00

Total Risk Across All Media and All Exposure Routes  2.E-05 Total Hazard Index Across All Media and All Exposure Routes  1.E+00

Total blood HI across all media = 2.E-01
Total CNS HI across all media = 3.E-01
Total liver HI across all media = 4.E-01

Total vascular HI across all media = 1.E-03
Total prostate HI across all media = 6.E-02

Total thyroid HI across all media = 4.E-01
* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated in accordance with USEPA Region III ADAF Guidance (11/08/2006).

Table G.1-3i
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Adult Resident

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Child

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Total Soil Soil Soil Heptachlor epoxide 5.E-08 -- 1.E-08 6.E-08 Heptachlor epoxide liver 5.E-03 -- 1.E-03 6.E-03

Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate liver/thyroid 7.E-05 -- 2.E-05 9.E-05
Benzo(a)pyrene* 3.E-07 -- 1.E-07 5.E-07 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene* 8.E-07 -- 3.E-07 1.E-06 Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Dibenz(a,h)anthracene liver 7.E-03 -- 1.E-04 7.E-03
2,4,6-Trinitrotoluene 4.E-08 -- 3.E-09 4.E-08 Dibenz(a,h)anthracene liver 3.E-02 -- 2.E-03 3.E-02
2,4,6-Trinitrotoluene 4.E-08 -- 3.E-09 4.E-08 2,4,6-Trinitrotoluene liver 3.E-02 -- 2.E-03 3.E-02
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 6.E-05 -- 2.E-05 7.E-05
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene CNS/ blood/ liver 1.E-04 -- 3.E-05 1.E-04
Dinitrotoluene Mix 1.E-08 -- 4.E-10 1.E-08 Dinitrotoluene Mix NA -- -- -- --
Nitroglycerin 1.E-09 -- 4.E-11 1.E-09 Nitroglycerin vascular 9.E-03 -- 2.E-04 9.E-03
2,3,7,8-TCDD TEQ 1.E-06 -- 1.E-07 1.E-06 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 3.E-06 -- 6.E-07 3.E-06 Total 8.E-02 -- 6.E-03 8.E-02
Air Air Heptachlor epoxide -- 1.E-12 -- 1.E-12 Heptachlor epoxide NA -- -- -- --

(Fugitive Dust) Di-n-octylphthalate -- -- -- -- Di-n-octylphthalate NA -- -- -- --
Benzo(a)pyrene* -- 3.E-12 -- 3.E-12 Benzo(a)pyrene NA -- -- -- --
Dibenz(a,h)anthracene* -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- Dibenz(a,h)anthracene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
2,6-Dinitrotoluene -- -- -- -- 2,6-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
2,3,7,8-TCDD TEQ -- -- -- -- 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 4.E-12 -- 4.E-12 Total -- -- -- --
Groundwater Groundwater Groundwater Cobalt -- -- -- -- Cobalt blood 4.E-01 -- 2.E-02 4.E-01

used as tapwater Manganese -- -- -- -- Manganese CNS 6.E-01 -- 1.E-01 7.E-01
2,4,6-Trinitrotoluene 1.E-06 -- 4.E-08 1.E-06 2,4,6-Trinitrotoluene liver 1.E+00 -- 3.E-02 1.E+00
Dinitrotoluene Mix 3.E-06 -- 2.E-07 4.E-06 Dinitrotoluene Mix NA -- -- -- --
4-Nitrotoluene -- -- -- -- 4-Nitrotoluene NA -- -- -- --
RDX 4.E-06 -- 9.E-09 4.E-06 RDX prostate 1.E-01 -- 1.E-03 1.E-01
Perchlorate -- -- -- -- Perchlorate thyroid 1.E+00 -- 7.E-03 1.E+00

Total 8.E-06 -- 3.E-07 9.E-06 Total 3.E+00 -- 2.E-01 3.E+00
Total Risk Across Soil 3.E-06 Total Hazard Index Across Soil 8.E-02

Total Risk Across Groundwater 9.E-06 Total Hazard Index Across Groundwater 3.E+00

Total Risk Across All Media and All Exposure Routes  1.E-05 Total Hazard Index Across All Media and All Exposure Routes  3.E+00

Total blood HI across all media = 4.E-01
Total CNS HI across all media = 7.E-01
Total liver HI across all media = 1.E+00

Total vascular HI across all media = 9.E-03
Total prostate HI across all media = 1.E-01

Total thyroid HI across all media = 1.E+00
* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF Guidance (11/08/2006).

Table G.1-3j
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Child Resident
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Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Lifetime

  
Medium Exposure Exposure Chemical Carcinogenic Risk

Medium Point
Ingestion Inhalation Dermal Exposure

 Routes Total
Total Soil Soil Soil Heptachlor epoxide 7.E-08 -- 2.E-08 9.E-08

Di-n-octylphthalate -- -- -- --
Benzo(a)pyrene* 4.E-07 -- 2.E-07 6.E-07
Dibenz(a,h)anthracene* 1.E-06 -- 4.E-07 1.E-06
2,4,6-Trinitrotoluene 5.E-08 -- 5.E-09 6.E-08
2,4-Dinitrotoluene -- -- -- --
2,6-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix 2.E-08 -- 6.E-10 2.E-08
Nitroglycerin 2.E-09 -- 6.E-11 2.E-09
2,3,7,8-TCDD TEQ 2.E-06 -- 2.E-07 2.E-06

Total 3.E-06 -- 7.E-07 4.E-06
Air Air Heptachlor epoxide -- 4.E-13 -- 4.E-13

(Fugitive Dust) Di-n-octylphthalate -- -- -- --
Benzo(a)pyrene* -- -- -- --
Dibenz(a,h)anthracene* -- -- -- --
2,4,6-Trinitrotoluene -- -- -- --
2,4-Dinitrotoluene -- -- -- --
2,6-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix -- -- -- --
Nitroglycerin -- -- -- --
2,3,7,8-TCDD TEQ -- 4.E-11 -- 4.E-11

Total -- 4.E-11 -- 4.E-11
Groundwater Groundwater Groundwater Cobalt -- -- -- --

used as tapwater Manganese -- -- -- --
2,4,6-Trinitrotoluene 3.E-06 -- 1.E-07 4.E-06
Dinitrotoluene Mix 9.E-06 -- 6.E-07 1.E-05
4-Nitrotoluene -- -- -- --
RDX 1.E-05 -- 2.E-08 1.E-05
Perchlorate -- -- -- --

Total 2.E-05 -- 7.E-07 2.E-05
Total Risk Across Soil 4.E-06

Total Risk Across Groundwater 2.4.E-05

Total Risk Across All Media and All Exposure Routes  3.E-05

* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF Guidance (11/08/2006).

Table G.1-3k
Summary of Cancer Risks for COPCs - Residual Risk - Lifetime Resident

SWMU 54 RFI/CMS Report
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Table G.2-1a
Remedial Goal Calculation Equations - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Remedial Goal Equations used for Soil

Ingestion
Noncarcinogens

RGo=

Dermal
Noncarcinogens

RGd=

Inhalation
Noncarcinogens

RGi=

Overall Remedial Goal Equation

RG =

NOTES:
RG = remedial goal soil mg/kg
THQ = target hazard quotient unitless

Receptor specific parameters provided in Appendix E.2, Table E.2-4.1c (oral and dermal) 
and Table E.2-4.1d (inhalation)
BW = body weight (receptor specific - kg) kg
AT-N = averaging time (receptor specific) days
EF = exposure frequency (receptor specific) days/year
ED = exposure duration (receptor specific) years
ET = exposure time (receptor specific) hours/day
EV = event frequency (receptor specific) events/day
IR-S = ingestion rate -soil (receptor specific) mg/day
IR-A = inhalation rate (receptor specific) m3/hour
SA = skin surface contact area (receptor specific) cm2

AF = adherence factor (receptor specific) mg/cm2

THQ*BW*AT-N*RfDd

SA*AF*ABSd*EF*ED*CF1

THQ*BW*AT-N*RfDo

EF*ED*IR-S*FI*CF1

1
(1/RGo + 1/RGd +1/RGi)

THQ*BW*AT-N*RfDi

EF*ED*IR-A*ET*(1/VF+1/PEF)

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-1a
Remedial Goal Calculation Equations - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

NOTES CONTINUED:
Toxicity Data provided in Appendix E.2, Tables E.2-5.1 and E.2-5.2

RfDo = oral reference dose (see Table E.2-5.1) mg/kg-day
RfDd = dermal reference dose (see Table E.2-5.1) mg/kg-day
RfDi = inhalation reference dose (see Table E.2-5.2) mg/kg-day

Additional parameters used for soil calculations provided in Appendix E.2
FI = fraction ingested (1.0) unitless
ABSd = absorption factor (see Table E.2-4.3) unitless
VF = volatilization factor (see Table E.2-4.3) m3/kg
PEF = particulate emission factor (see Table E.2-4.4) m3/kg
CF1 = conversion factor (1E-06) kg/mg
CF2 = conversion factor (1E-03) cm3/L
CF3 = conversion factor (1E-03) mg/ug

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-1b
Noncarcinogenic Remedial Goal Calculation - Soil - Child Resident - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammuntion Plant, Radford, Virginia

Scenario Timeframe:  
Medium:   
Receptor:

INGESTION/DERMAL

Chemical ABSd VF PEF (1/VF+1/PEF) THQ RGo RGd RGi RG
2,4,6-TNT 118-96-7 5.00E-04 5.00E-04 3.00E-02 liver -- -- -- 6.70E+08 1.49E-09 1.E+00 3.91E+01 4.66E+02 -- 3.61E+01
Nitroglycerin 55-63-0 1.00E-04 1.00E-04 1.00E-02 vascular -- -- -- 6.70E+08 1.49E-09 1.E+00 7.82E+00 2.79E+02 -- 7.61E+00

Notes:
See Table G.2-1a for Remedial Goal Equations and acronyms

DERMAL INHALATION

Future
Soil
Child Resident

INGESTION Noncarcinogenic Remedial Goal Calculation

CAS
Number

RfDo 
(mg/kg-day)

RfDd 
(mg/kg-day)

Ingestion/Dermal Target 
Organ

RfD
(mg/kg-day)

Inhalation Target 
Organ

Noncancer RG (mg/kg)

Radford Army Ammuntion Plant
SWMU 54 RFI/CMS



Table G.2-2a
Soil-to-Groundwater RG for 2,4,6-Trinitrotoluene using RGgw from Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

RGgw GW Concentration Source= 0.00782 mg/L
Cw = Target Leachate Conc = 0.0782 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.870E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RG soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 18.34 L/kg

RG soil-to-gw = 1.45 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 1834 L/kg

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2b
Soil-to-Groundwater RG for DNT Mixture (50% 2,4-DNT , 50% 2,6-DNT) using RGgw from Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

RGgw GW Concentration Source= 0.000932 mg/L
Cw = Target Leachate Conc = 0.00932 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.620E-05 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RG soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 3.714 L/kg

RG soil-to-gw = 0.037 mg/kg

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 371 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2c
Soil-to-Groundwater RG for RDX using RGgw from Area A

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

RGgw/T-RBC GW Concentration Source= 0.0061 mg/L
Cw = Target Leachate Conc = 0.061 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.580E-06 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.954 L/kg

RGsoil-to-gw = 0.134 mg/kg

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 195.4 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2d
Soil-to-Groundwater RG for Aminodinitrotoluenes using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 0.073 mg/L
Cw = Target Leachate Conc = 0.73 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.610E-10 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

SSL soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.005 L/kg

RG soil-to-gw = 0.912 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc= Soil Organic Carbon/Water Partition 
Coefficient = 101 L/kg

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2e
Soil-to-Groundwater RG for Nitroglycerin using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 0.0037 mg/L
Cw = Target Leachate Conc = 0.037 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.040E-07 --
Pb = Dry Soil Bulk Density = 1.35 kg/L

RGsoil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1.308 L/kg

RGsoil-to-gw = 0.057 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 130.8 L/kg

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2f
Soil-to-Groundwater RG for Aroclor 1254 using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 3.35E-05 mg/L
Cw = Target Leachate Conc = 3.35E-04 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 1.160E-02 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

RG soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 756 L/kg

RG soil-to-gw = 0.25 mg/kg

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 7.56E+04 L/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2g
Soil-to-Groundwater RG for Heptachlor Epoxide using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 7.40E-06 mg/L
Cw = Target Leachate Conc = 7.40E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 8.590E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

RG soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 52.6 L/kg

RG soil-to-gw = 0.0039 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 5.26E+03 L/kg

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2h
Soil-to-Groundwater RG for Dieldrin using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 4.20E-06 mg/L
Cw = Target Leachate Conc = 4.20E-05 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 4.09E-04 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

RG soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 106 L/kg

RG soil-to-gw = 0.00446 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 1.06E+04 L/kg

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-2i
Soil-to-Groundwater RG for 2,3,7,8-TCDD TEQ using T-RBC

SWMU 54 RFI/CMS Report
Radford Army Ammunition Report, Radford, Virginia

units
Dilution Factor = 10 --

T-RBC GW Concentration Source= 4.50E-10 mg/L
Cw = Target Leachate Conc = 4.50E-09 mg/L
θw = Water-Filled Soil Porosity = 0.33 --
θa= Air-Filled Soil Porosity = 0.03 --
H' = Henry's Law Constant = 2.040E-03 --
Pb = Dry Soil Bulk Density = 1.5 kg/L

RG soil-to-gw (mg/kg) = Cw [Kd + (θw + θaH')/Pb]

foc = Fraction Organic Carbon = 0.01 unitless
Kd = Soil-Water Partition Coeff (Koc*foc) = 1460 L/kg

RG soil-to-gw = 6.57E-06 mg/kg

Input Parameters Averaged from All Soil-Sample Physical Test Results

Koc=
Soil Organic Carbon/Water Partition 
Coefficient = 1.46E+05 L/kg

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-3a
Sample Assemblages Surface and Subsurface Soil for Residual Soil COPC Screening - Area B

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

54SB39A 54SB47A 54SB54A 54SB77A
54SB40A 54SB50A 54SB71A 54SB78A
54SB41A 54SB51A 54SB73A 54SB79A
54SB44A 54SB52A 54SB74A 54SB80A
54SB45A 54SB53A 54SB75A

54SB39B 54SB51B 54SB78B 54SB49C 54SB78C
54SB40B 54SB52B 54SB79B 54SB50C 54SB79C
54SB41B 54SB53B 54SB80B 54SB53C 54SB80C
54SB43B 54SB54B 54SB39C 54SB54C
54SB44B 54SB71B 54SB40C 54SB71C
54SB45B 54SB72B 54SB41C 54SB72C
54SB47B 54SB73B 54SB42C 54SB73C
54SB48B 54SB74B 54SB43C 54SB74C
54SB49B 54SB75B 54SB45C 54SB75C
54SB50B 54SB77B 54SB47C 54SB77C

54DB44C
54SB51C

Samples Removed Due to Remedial Action
54SB42A 54SB46A 54SB48A 54SB55B
54SB42B 54SB46B 54SB49A 54SB72A
54SB43A 54SB46C 54SB55A 54SB76C

Samples Collected at a Depth >15' Excluded from HHRA

Area B
Surface Soil Samples for Post-Remedial Action Residual Risk Assessment

Subsurface Soil Samples for Post-Remedial Action Residual Risk Assessment

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-3b
Area B COPC Determination - Surface Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Scenario Timeframe:  Current/Future
Medium:  Surface Soil
Exposure Medium:  Surface Soil

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion
Surface Soil TAL Metals

7429-90-5 Aluminum 8,690 17,300 mg/kg 54SB39A (D) 11/11 2.3 - 7.1 17,300 7,821 N 102,200 N IND Y ARES
7440-36-0 Antimony 0.44 0.57 mg/kg 54SB52A 4/10 0.14 - 0.49 0.57 3.13 N 40.88 N IND N BSL
7440-38-2 Arsenic 0.44 2 mg/kg 54SB52A 11/11 0.27 - 0.38 2 0.426 C 1.91 C IND Y ARES/IND
7440-39-3 Barium 91.9 241 mg/kg 54SB51A 11/11 0.02 - 0.04 241 1,564 N 20,440 N IND N BSL
7440-41-7 Beryllium 0.61 1.1 mg/kg 54SB51A 11/11 0.01 - 0.03 1.1 15.64 N 204.4 N IND N BSL
7440-43-9 Cadmium ND ND mg/kg NA 0/11 -- ND 7.821 N 102.2 N IND N NA
7440-70-2 Calcium 636 1,680 mg/kg 54SB47A DUP AVG (D) 11/11 1 - 1.9 1,680 -- -- 1,095,000 -- RDA N BSL
7440-47-3 Chromium [1] 14.8 24.1 mg/kg 54SB39A (D) 11/11 0.06 - 0.1 24.1 23.46 N 306.6 N IND Y ARES
7440-48-4 Cobalt 6.5 12 mg/kg 54SB39A (D) 11/11 0.06 - 0.09 12 -- -- -- -- -- Y NSV
7440-50-8 Copper 3.3 20.9 mg/kg 54SB53A (D) 11/11 0.15 - 0.19 20.9 312.9 N 4,088 N IND N BSL
7439-89-6 Iron 13,200 26,000 mg/kg 54SB52A 11/11 1.4 - 1.8 26,000 5,475 N 71,540 N IND Y ARES
7439-92-1 Lead [2] 7.4 76 mg/kg 54SB53A (D) 11/11 0.14 - 0.3 76 400 -- 750 -- USEPA N BSL
7439-95-4 Magnesium 1,120 4,470 mg/kg 54SB39A (D) 11/11 0.65 - 1.5 4,470 -- -- 156,400 -- RDA N BSL
7439-96-5 Manganese 370 767 mg/kg 54SB41A (D) 11/11 0.02 - 0.03 767 156.4 N 2,044 N IND Y ARES
7439-97-6 Mercury [3] 0.02 0.12 mg/kg 54SB53A (D) 11/11 0.018 - 0.022 0.12 2.3 -- 31 -- IND N BSL
7440-02-0 Nickel 7 14.3 mg/kg 54SB47A DUP AVG (D) 11/11 0.11 - 0.13 14.3 156.4 N 2,044 N IND N BSL
7440-09-7 Potassium 749 2,220 mg/kg 54SB45A (D) 11/11 4.5 - 15.7 2,220 -- -- 2,607,000 -- RDA N BSL
7782-49-2 Selenium 0.56 1.8 mg/kg 54SB51A 11/11 0.34 - 0.44 1.8 39.11 N 511 N IND N BSL
7440-22-4 Silver ND ND mg/kg NA 0/11 -- ND 39.11 N 511 N IND N NA
7440-23-5 Sodium 67.6 244 mg/kg 54SB52A 11/11 26.6 - 38.3 244 -- -- 625,700 -- RDA N BSL
7440-62-2 Vanadium 23 54.6 mg/kg 54SB52A 11/11 0.07 - 0.09 54.6 7.82 N 102.2 N IND Y ARES
7440-66-6 Zinc 47.1 113.5 mg/kg 54SB47A DUP AVG (D) 11/11 0.11 - 0.14 113.5 2,346 N 30,660 N IND N BSL

TCL Pesticides/PCBs
72-55-9 4,4'-DDE ND ND mg/kg NA 0/4 -- ND 1.9E+00 C 8.4E+00 C IND N NA

5103-71-9 alpha-Chlordane [4] ND ND mg/kg NA 0/4 -- ND 1.8E+00 C 8.2E+00 C IND N NA
319-86-8 delta-BHC [5] ND ND mg/kg NA 0/4 -- ND 1.0E-01 C 4.5E-01 C IND N NA
60-57-1 Dieldrin ND ND mg/kg NA 0/4 -- ND 4.0E-02 C 1.8E-01 C IND N NA

7421-93-4 Endrin aldehyde [6] 4.4E-03 4.4E-03 mg/kg 54SB73A 1/4 0.00243 - 0.00295 4.4E-03 2.3E+00 N 3.1E+01 N IND N BSL
53494-70-5 Endrin ketone [6] ND ND mg/kg NA 0/4 -- ND 2.3E+00 N 3.1E+01 N IND N NA
5103-74-2 gamma-Chlordane [4] ND ND mg/kg NA 0/4 -- ND 1.8E+00 C 8.2E+00 C IND N NA

76-44-8 Heptachlor ND ND mg/kg NA 0/4 -- ND 1.4E-01 C 6.4E-01 C IND N NA
1024-57-3 Heptachlor epoxide ND ND mg/kg NA 0/4 -- ND 7.0E-02 C 3.1E-01 C IND N NA

72-43-5 Methoxychlor ND ND mg/kg NA 0/4 -- ND 3.9E+01 N 5.1E+02 N IND N NA
11097-69-1 Aroclor 1254 [7] 1.5E-02 1.5E-02 mg/kg 54SB71A 1/4 0.00748 - 0.00952 1.5E-02 1.6E-01 C 1.4E+00 C IND N BSL
11096-82-5 Aroclor 1260 ND ND mg/kg NA 0/4 -- ND 3.2E-01 C 1.4E+00 C IND N NA

TCL SVOCs
121-14-2 2,4-Dinitrotoluene ND ND mg/kg NA 0/11 -- ND 1.6E+01 N 2.0E+02 N IND N NA
606-20-2 2,6-Dinitrotoluene ND ND mg/kg NA 0/11 -- ND 7.8E+00 N 1.0E+02 N IND N NA
117-81-7 Bis(2-ethylhexyl)phthalate 5.0E-02 3.2E-01 mg/kg 54SB53A (D) 5/11 0.032 - 0.032 3.2E-01 4.6E+01 C 2.0E+02 C IND N BSL
84-74-2 Di-n-butylphthalate 6.0E-02 6.0E-02 mg/kg 54SB53A (D) 1/11 0.38 - 0.43 6.0E-02 7.8E+02 N 1.0E+04 N IND N BSL
84-66-2 Diethylphthalate 3.6E-02 1.5E+00 mg/kg 54SB53A (D) 4/11 0.38 - 0.43 1.5E+00 6.3E+03 N 8.2E+04 N IND N BSL

131-11-3 Dimethylphthalate ND ND mg/kg NA 0/11 -- ND -- -- -- -- -- N NA
86-30-6 N-Nitrosodiphenylamine ND ND mg/kg NA 0/11 -- ND 1.3E+02 C 5.8E+02 C IND N NA

Dioxin/Furans
-- Total 2,3,7,8-TCDD Equivalents 6.4E-08 5.3E-06 mg/kg 54SB53A (D) 12/12 -- 5.3E-06 4.3E-06 -- 1.9E-05 -- IND Y ARES

PAHs
83-32-9 Acenaphthene 3.4E-02 3.0E+00 mg/kg 54SB53A (D) 3/11 0.0058 - 0.0059 3.0E+00 4.7E+02 N 6.1E+03 N IND N BSL

208-96-8 Acenaphthylene [8] ND ND mg/kg NA 0/11 -- ND 2.3E+02 N 3.1E+03 N IND N NA
56-55-3 Benzo(a)anthracene 1.3E-02 1.3E-02 mg/kg 54SB50A (D) 1/11 0.0022 - 0.0022 1.3E-02 2.2E-01 C 3.9E+00 C IND N BSL
50-32-8 Benzo(a)pyrene 6.9E-03 6.9E-03 mg/kg 54SB41A (D) 1/11 0.0016 - 0.0016 6.9E-03 2.2E-02 C 3.9E-01 C IND N BSL

205-99-2 Benzo(b)fluoranthene 3.2E-02 7.2E-02 mg/kg 54SB53A (D) 2/11 0.0017 - 0.0017 7.2E-02 2.2E-01 C 3.9E+00 C IND N BSL
191-24-2 Benzo(g,h,i)perylene [8] 8.4E-02 8.4E-02 mg/kg 54SB50A (D) 1/11 0.0036 - 0.0036 8.4E-02 2.3E+02 N 3.1E+03 N IND N BSL
207-08-9 Benzo(k)fluoranthene 6.7E-03 6.7E-03 mg/kg 54SB53A (D) 1/11 0.0014 - 0.0014 6.7E-03 2.2E+00 C 3.9E+01 C IND N BSL
218-01-9 Chrysene 1.3E-02 1.3E-02 mg/kg 54SB50A (D) 1/11 0.0024 - 0.0024 1.3E-02 2.2E+01 C 3.9E+02 C IND N BSL
53-70-3 Dibenz(a,h)anthracene ND ND mg/kg NA 0/11 -- ND 2.2E-02 C 3.9E-01 C IND N NA

206-44-0 Fluoranthene 7.2E-03 2.8E-02 mg/kg 54SB53A (D) 5/11 0.0021 - 0.0021 2.8E-02 3.1E+02 N 4.1E+03 N IND N BSL
193-39-5 Indeno(1,2,3-cd)pyrene ND ND mg/kg NA 0/11 -- ND 2.2E-01 C 3.9E+00 C IND N NA
91-20-3 Naphthalene 8.9E-02 8.9E-02 mg/kg 54SB41A (D) 1/11 0.014 - 0.014 8.9E-02 1.6E+02 N 2.0E+03 N IND N BSL
85-01-8 Phenanthrene [8] 2.1E-02 2.1E-02 mg/kg 54SB53A (D) 1/11 0.0085 - 0.0085 2.1E-02 2.3E+02 N 3.1E+03 N IND N BSL

129-00-0 Pyrene 1.1E-02 6.5E-02 mg/kg 54SB50A (D) 5/11 0.0043 - 0.0043 6.5E-02 2.3E+02 N 3.1E+03 N IND N BSL

Screening 
Toxicity Value

(N/C)

Potential 
ARAR/TBC 

Value

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-3b
Area B COPC Determination - Surface Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Scenario Timeframe:  Current/Future
Medium:  Surface Soil
Exposure Medium:  Surface Soil

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion

Screening 
Toxicity Value

(N/C)

Potential 
ARAR/TBC 

Value
Explosives

99-35-4 1,3,5-Trinitrobenzene ND ND mg/kg NA 0/0 -- ND 2.3E+02 N 3.1E+03 N IND N NA
118-96-7 2,4,6-Trinitrotoluene[9] ND ND mg/kg NA 0/11 -- ND 3.9E+00 N 5.1E+01 N IND N NA
121-14-2 2,4-Dinitrotoluene ND ND mg/kg NA 0/11 -- ND 1.6E+01 N 2.0E+02 N IND N NA

-- Dinitrotoluene Mix ND ND mg/kg NA 0/11 -- ND 9.4E-01 N 4.2E+00 N IND N NA
35572-78-2 2-Amino-4,6-Dinitrotoluene ND ND mg/kg NA 0/11 -- ND 1.6E+01 N 2.0E+02 N IND N NA
1946-51-0 4-Amino-2,6-Dinitrotoluene ND ND mg/kg NA 0/11 -- ND 1.6E+01 N 2.0E+02 N IND N NA

-- Aminodinitrotoluenes ND ND mg/kg NA 0/11 -- ND 1.6E+01 N 2.0E+02 N IND N NA
121-82-4 RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria ND ND mg/kg NA 0/11 -- ND 5.8E+00 C 2.6E+01 C IND N NA

Nitroglycerin
55-63-0 Nitroglycerin ND ND mg/kg NA 0/11 -- ND 7.8E-01 N 1.0E+01 N IND N NA

Notes:
COPC = Chemical of Potential Concern (D) = Re-sampled; Dioxin/Furans analyzed January 2007.
CAS = Chemical Abstracts Service
TAL = Target Analyte List ARAR = Applicable, Relevant, and Appropriate Requirement
TCL = Target Compound List USEPA = U.S. Environmental Protection Agency
PCB = Polychlorinated Biphenyl TBC = To-Be-Considered
SVOC = Semivolatile Organic Compound RDA = Recommended Daily Allowance
PAH = Polynuclear Aromatic Hydrocarbon IND = Adjusted Industrial RBC
TIC = Tentatively Identified Compound AL = USEPA Action Level
mg/kg = Milligram Per Kilogram
RBC = USEPA Region III Risk-Based Concentration ARES = Above Residential RBC
             (RBC) values from the October 11, 2007, ARES/IND = Above Residential RBC/Industrial RBC
             RBC Table and October 11, 2007, Alternate RBC Table BSL = Below Residential/Industrial RBC Screening Levels
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens NSV = No Screening Value Available
N/C = Noncarcinogenic/Carcinogenic per EPA RBC Table (October 2007)
[1] =  Chromium VI RBC value was used ND = Not Detected
[2] =  Lead criteria are Action Levels; see USEPA Region III guidance NA = Not Applicable
[3] =  Mercuric chloride soil RBC value used
[4] = Chlordane RBC value was used
[5] = Alpha-BHC RBC value was used
[6] = Endrin RBC value was used
[7] =  Noncarcinogenic Residential RBC value for Aroclor 1254 was used for screening
[8] = Pyrene RBC value was used
[9] =  Noncarcinogenic Residential and Industrial RBC values for 2,4,6-Trinitrotoluene were used for screening

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.2-3c
Area B COPC Determination - Total Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Scenario Timeframe:  Current/Future
Medium:  Total Soil
Exposure Medium:  Total Soil

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion
Total Soil TAL Metals

7429-90-5 Aluminum 6,910 19,000 mg/kg 54SB44B 27/27 2.2 - 7.1 19,000 7,821 N 102,200 N IND Y ARES
7440-36-0 Antimony 0.33 0.57 mg/kg 54SB52A 8/22 0.12 - 0.49 0.57 3.13 N 40.88 N IND N BSL
7440-38-2 Arsenic 0.35 2.1 mg/kg 54SB44B 26/27 0.25 - 0.38 2.1 0.426 C 1.91 C IND Y ARES/IND
7440-39-3 Barium 50.4 241 mg/kg 54SB51A 27/27 0.02 - 0.04 241 1,564 N 20,440 N IND N BSL
7440-41-7 Beryllium 0.42 1.1 mg/kg 54SB51A 27/27 0.01 - 0.03 1.1 15.6 N 204.4 N IND N BSL
7440-43-9 Cadmium ND ND mg/kg NA 0/27 -- ND 7.82 N 102.2 N IND N NA
7440-70-2 Calcium 313 1,680 mg/kg 54SB47A DUP AVG (D) 27/27 0.97 - 1.9 1,680 -- -- 1,095,000 -- RDA N BSL
7440-47-3 Chromium [1] 10.9 24.1 mg/kg 54SB39A (D) 27/27 0.06 - 0.1 24.1 23.46 N 306.6 N IND Y ARES
7440-48-4 Cobalt 4.5 12 mg/kg 54SB39A (D) 27/27 0.06 - 0.09 12 -- -- -- -- -- Y NSV
7440-50-8 Copper 0.39 21 mg/kg 54SB51B 25/25 0.14 - 0.19 21 312.9 N 4,088 N IND N BSL
7439-89-6 Iron 11,600 28,400 mg/kg 54SB44B 27/27 1.2 - 1.8 28,400 5,475 N 71,540 N IND Y ARES
7439-92-1 Lead [2] 4 76 mg/kg 54SB53A (D) 27/27 0.12 - 0.3 76 400 -- 750 -- USEPA N BSL
7439-95-4 Magnesium 1,120 4,860 mg/kg 54SB44B 27/27 0.61 - 1.5 4,860 -- -- 156,400 -- RDA N BSL
7439-96-5 Manganese 159 767 mg/kg 54SB41A (D) 27/27 0.02 - 0.03 767 156.4 N 2,044 N IND Y ARES
7439-97-6 Mercury [3] 0.018 0.12 mg/kg 54SB53A (D) 23/27 0.016 - 0.022 0.12 2.3 -- 31 -- IND N BSL
7440-02-0 Nickel 7 15.60 mg/kg 54SB44B 27/27 0.1 - 0.13 15.6 156.4 N 2,044 N IND N BSL
7440-09-7 Potassium 627 2,720 mg/kg 54SB44B 27/27 3.9 - 15.7 2,720 -- -- 2,607,000 -- RDA N BSL
7782-49-2 Selenium 0.52 1.8 mg/kg 54SB51A 27/27 0.3 - 0.44 1.8 39.11 N 511 N IND N BSL
7440-22-4 Silver ND ND mg/kg NA 0/27 -- ND 39.11 N 511 N IND N NA
7440-23-5 Sodium 67.6 244 mg/kg 54SB52A 27/27 25.1 - 38.3 244 -- -- 625,700 -- RDA N BSL
7440-62-2 Vanadium 18.8 54.6 mg/kg 54SB52A 27/27 0.07 - 0.09 54.6 7.82 N 102.2 N IND Y ARES
7440-66-6 Zinc 26.5 113.5 mg/kg 54SB47A DUP AVG (D) 27/27 0.1 - 0.14 113.5 2,346 N 30,660 N IND N BSL

TCL Pesticides/PCBs
72-55-9 4,4'-DDE ND ND mg/kg NA 0/17 -- ND 1.9E+00 C 8.4E+00 C IND N NA
309-00-2 Aldrin ND ND mg/kg NA 0/17 -- ND 3.8E-02 C 1.7E-01 C IND N NA
319-84-6 alpha-BHC 8.3E-04 8.3E-04 mg/kg 54SB48B 1/17 0.00026 - 0.00359 8.3E-04 1.0E-01 C 4.5E-01 C IND N BSL

5103-71-9 alpha-Chlordane [4] ND ND mg/kg NA 0/17 -- ND 1.8E+00 C 8.2E+00 C IND N NA
319-85-7 beta-BHC 3.5E-03 3.5E-03 mg/kg 54SB48B 1/17 0.00028 - 0.00445 3.5E-03 3.5E-01 C 1.6E+00 C IND N BSL
319-86-8 delta-BHC [5] 1.2E-03 1.2E-03 mg/kg 54SB48B 1/17 0.00015 - 0.00276 1.2E-03 1.0E-01 C 4.5E-01 C IND N BSL
60-57-1 Dieldrin ND ND mg/kg NA 0/17 -- ND 4.0E-02 C 1.8E-01 C IND N NA

7421-93-4 Endrin aldehyde [6] 4.4E-03 5.6E-03 mg/kg 54SB73B 2/17 0.00035 - 0.00308 5.6E-03 2.3E+00 N 3.1E+01 N IND N BSL
53494-70-5 Endrin ketone [6] ND ND mg/kg NA 0/17 -- ND 2.3E+00 N 3.1E+01 N IND N NA

58-89-9 gamma-BHC (Lindane) 1.1E-03 1.1E-03 mg/kg 54SB48B 1/17 0.00022 - 0.00372 1.1E-03 4.9E-01 C 2.2E+00 C IND N BSL
5103-74-2 gamma-Chlordane  [4] ND ND mg/kg NA 0/17 -- ND 1.8E+00 C 8.2E+00 C IND N NA

76-44-8 Heptachlor ND ND mg/kg NA 0/17 -- ND 1.4E-01 C 6.4E-01 C IND N NA
1024-57-3 Heptachlor epoxide 2.6E-03 2.6E-03 mg/kg 54SB49B 1/17 0.00026 - 0.00491 2.6E-03 7.0E-02 C 3.1E-01 C IND N BSL

72-43-5 Methoxychlor ND ND mg/kg NA 0/17 -- ND 3.9E+01 N 5.1E+02 N IND N NA
11097-69-1 Aroclor 1254 [7] 1.5E-02 1.5E-02 mg/kg 54SB71A 1/17 0.0068 - 0.00952 1.5E-02 1.6E-01 C 1.4E+00 C IND N BSL
11096-82-5 Aroclor 1260 ND ND mg/kg NA 0/17 -- ND 3.2E-01 C 1.4E+00 C IND N NA

TCL SVOCs
117-81-7 Bis(2-ethylhexyl)phthalate 4.0E-02 3.2E-01 mg/kg 54SB53A (D) 8/27 0.032 - 0.032 3.2E-01 4.6E+01 C 2.0E+02 C IND N BSL
86-74-8 Carbazole ND ND mg/kg NA 0/27 -- ND 3.2E+01 C 1.4E+02 C IND N NA
84-74-2 Di-n-butylphthalate 6.0E-02 6.0E-02 mg/kg 54SB53A (D) 1/27 0.35 - 0.43 6.0E-02 7.8E+02 N 1.0E+04 N IND N BSL
117-84-0 Di-n-octylphthalate ND ND mg/kg NA 0/27 -- ND -- -- -- -- -- N NA
84-66-2 Diethylphthalate 3.6E-02 1.5E+00 mg/kg 54SB53A (D) 5/27 0.35 - 0.43 1.5E+00 6.3E+03 N 8.2E+04 N IND N BSL
131-11-3 Dimethylphthalate ND ND mg/kg NA 0/27 -- ND -- -- -- -- -- N NA
86-30-6 N-Nitrosodiphenylamine ND ND mg/kg NA 0/27 -- ND 1.3E+02 C 5.8E+02 C IND N NA

Dioxin/Furans
-- Total 2,3,7,8-TCDD Equivalents 7.0E-09 5.3E-06 mg/kg 54SB53A (D) 41/41 -- 5.3E-06 4.3E-06 -- 1.9E-05 -- IND Y ARES

PAHs
83-32-9 Acenaphthene 2.6E-02 2.0E+01 mg/kg 54SB44B 6/27 0.0058 - 0.0059 2.0E+01 4.7E+02 N 6.1E+03 N IND N BSL
208-96-8 Acenaphthylene [6] 3.4E-01 3.4E-01 mg/kg 54SB44B 1/27 0.0059 - 0.0059 3.4E-01 2.3E+02 N 3.1E+03 N IND N BSL
120-12-7 Anthracene 7.2E-03 1.3E-02 mg/kg 54SB54B DUP AVG(D) 2/27 0.0054 - 0.0054 1.3E-02 2.3E+03 N 3.1E+04 N IND N BSL
56-55-3 Benzo(a)anthracene 6.6E-03 2.5E-02 mg/kg 54SB44B 4/27 0.0022 - 0.0022 2.5E-02 2.2E-01 C 3.9E+00 C IND N BSL
50-32-8 Benzo(a)pyrene 5.8E-03 7.4E-02 mg/kg 54SB52B 5/27 0.0016 - 0.0016 7.4E-02 2.2E-02 C 3.9E-01 C IND Y ARES
205-99-2 Benzo(b)fluoranthene 6.7E-03 8.7E-02 mg/kg 54SB44B 6/27 0.0017 - 0.0017 8.7E-02 2.2E-01 C 3.9E+00 C IND N BSL
191-24-2 Benzo(g,h,i)perylene [6] 1.2E-02 8.4E-02 mg/kg 54SB50A (D) 3/27 0.0036 - 0.0036 8.4E-02 2.3E+02 N 3.1E+03 N IND N BSL
207-08-9 Benzo(k)fluoranthene 6.7E-03 4.4E-02 mg/kg 54SB44B 4/27 0.0014 - 0.0014 4.4E-02 2.2E+00 C 3.9E+01 C IND N BSL
218-01-9 Chrysene 9.0E-03 4.9E-02 mg/kg 54SB44B 4/27 0.0024 - 0.0024 4.9E-02 2.2E+01 C 3.9E+02 C IND N BSL
53-70-3 Dibenz(a,h)anthracene 1.1E-02 1.1E-02 mg/kg 54SB54B DUP AVG(D) 1/27 0.0042 - 0.0042 1.1E-02 2.2E-02 C 3.9E-01 C IND N BSL

Screening Toxicity 
Value
(N/C)

Potential
ARAR/TBC Value
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Table G.2-3c
Area B COPC Determination - Total Soil - Post Removal Action

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Exposure point CAS # Chemical
Minimum 

Concentration
Maximum 

Concentration Units
Location of Maximum 

Concentration
Detection 
Frequency

Range of Detection 
Limits

Concentration 
Used for 

Screening

Potential 
ARAR/TBC 

Source

COPC 
Flag 
(Y/N)

Rationale for 
Selection or 

Deletion

Screening Toxicity 
Value
(N/C)

Potential
ARAR/TBC Value

206-44-0 Fluoranthene 7.2E-03 6.4E-02 mg/kg 54SB44B 8/27 0.0021 - 0.0021 6.4E-02 3.1E+02 N 4.1E+03 N IND N BSL
86-73-7 Fluorene 2.1E-02 7.3E-02 mg/kg 54SB44B 2/27 0.014 - 0.014 7.3E-02 3.1E+02 N 4.1E+03 N IND N BSL
193-39-5 Indeno(1,2,3-cd)pyrene 5.1E-03 3.5E-02 mg/kg 54SB44B 4/27 0.0025 - 0.0025 3.5E-02 2.2E-01 C 3.9E+00 C IND N BSL
91-20-3 Naphthalene 8.9E-02 8.3E-01 mg/kg 54SB44B 3/27 0.014 - 0.014 8.3E-01 1.6E+02 N 2.0E+03 N IND N BSL
85-01-8 Phenanthrene [6] 1.2E-02 4.8E-02 mg/kg 54SB44B 3/27 0.0085 - 0.0085 4.8E-02 2.3E+02 N 3.1E+03 N IND N BSL
129-00-0 Pyrene 7.6E-03 6.5E-02 mg/kg 54SB50A (D) 14/27 0.0043 - 0.0043 6.5E-02 2.3E+02 N 3.1E+03 N IND N BSL

Explosives
99-35-4 1,3,5-Trinitrobenzene ND ND mg/kg NA 0/0 -- ND 2.3E+02 N 3.1E+03 N IND N NA
118-96-7 2,4,6-Trinitrotoluene[9] ND ND mg/kg NA 0/27 -- ND 3.9E+00 N 5.1E+01 N IND N NA
121-14-2 2,4-Dinitrotoluene ND ND mg/kg NA 0/27 -- ND 1.6E+01 N 2.0E+02 N IND N NA

-- Dinitrotoluene Mix ND ND mg/kg NA 0/27 -- ND 9.4E-01 N 4.2E+00 N IND N NA
35572-78-2 2-Amino-4,6-Dinitrotoluene ND ND mg/kg NA 0/27 -- ND 1.6E+01 N 2.0E+02 N IND N NA
1946-51-0 4-Amino-2,6-Dinitrotoluene ND ND mg/kg NA 0/27 -- ND 1.6E+01 N 2.0E+02 N IND N NA

-- Aminodinitrotoluenes ND ND mg/kg NA 0/27 -- ND 1.6E+01 N 2.0E+02 N IND N NA
2691-41-0 HMX (Octahydro-1,3,5,7-tetranitro-1,3,5, ND ND mg/kg NA 0/27 -- ND 3.9E+02 N 5.1E+03 N IND N NA
121-82-4 RDX (Hexahydro-1,3,5-trinitro-1,3,5-tria ND ND mg/kg NA 0/27 -- ND 5.8E+00 C 2.6E+01 C IND N NA

Nitroglycerin
55-63-0 Nitroglycerin ND ND mg/kg NA 0/27 -- ND 7.8E-01 N 1.0E+01 N IND N NA

Notes:
COPC = Chemical of Potential Concern (D) = Re-sampled; Dioxin/Furans analyzed January 2007.
CAS = Chemical Abstracts Service
TAL = Target Analyte List USEPA = U.S. Environmental Protection Agency
TCL = Target Compound List ARAR = Applicable, Relevant, and Appropriate Requirement
PCB = Polychlorinated Biphenyl TBC = To-Be-Considered
SVOC = Semivolatile Organic Compound RDA = Recommended Daily Allowance
PAH = Polynuclear Aromatic Hydrocarbon IND = Adjusted Industrial RBC
TIC = Tentatively Identified Compound AL = USEPA Action Level
mg/kg = Milligram Per Kilogram
RBC = USEPA Region III Risk-Based Concentration ARES = Above Residential RBC
             (RBC) values from the October 11, 2007, ARES/IND = Above Residential RBC/Industrial RBC
             RBC Table and October 11, 2007, Alternate RBC Table BSL = Below Residential/Industrial RBC Screening Levels
Adjusted RBCs = a Hazard Quotient (HQ) of 0.1 applied to non-carcinogens NSV = No Screening Value Available
N/C = Noncarcinogenic/Carcinogenic per EPA RBC Table (October 2007)
[1] =  Chromium VI RBC value was used ND = Not Detected
[2] =  Lead criteria are Action Levels; see USEPA Region III guidance NA = Not Applicable
[3] =  Mercuric chloride soil RBC value used
[4] = Chlordane RBC value was used
[5] = Alpha-BHC RBC value was used
[6] = Endrin RBC value was used
[7] =  Noncarcinogenic Residential RBC value for Aroclor 1254 was used for screening
[8] = Pyrene RBC value was used
[9] =  Noncarcinogenic Residential and Industrial RBC values for 2,4,6-Trinitrotoluene were used for screening
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Table G.2-3d
Area B Post-Removal Action EPCs - Total Soil

SWMU 54 RFI/CMS Report
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81.48%

5.8 1.758

74 4.304

26.34 2.784

29.01 1.094

1.6 0.47

1.6 0.47

0.799 0.901

0.762 0.762

5.53 0.334

15.22 1.265

10.53 4.66

N/A

-1.65

3.011

5.173

15.34

10.34

13.67

0.599

43.98

5.989

0.42

0.69

0.69 9.604

0.364 13.72

2.953

14.64

14.46

13.62

1E-09 40.91

862.9 36.96

280.1 18

186.9 22.47

277 28.04

0.368 38.98

760.7

19.88

10.76 14.64

517.3 18

538.8

SD 97.5% KM (Chebyshev) UCL

Median 95% KM (Chebyshev) UCL

Maximum    95% KM (BCA) UCL

Mean    95% KM (Percentile Bootstrap) UCL

Gamma ROS Statistics using Extrapolated Data    95% KM (jackknife) UCL

Minimum    95% KM (bootstrap t) UCL

   95% KM (t) UCL

   95% KM (z) UCLAssuming Gamma Distribution

5% K-S Critical Value SD

SE of MeanData appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value Kaplan-Meier (KM) Method

K-S Test Statistic Mean

A-D Test Statistic Nonparametric Statistics

nu star

Theta Star

k star (bias corrected)

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

Data appear Normal at 5% Significance Level

   95% BCA Bootstrap UCL

SD in Original Scale

   95% Percentile Bootstrap UCL

SD in Log Scale

Mean in Original Scale

MLE yields a negative mean

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean in Log Scale

   95% DL/2 (t) UCL    95%  H-Stat (DL/2) UCL

Mean Mean

SD SD

Assuming Normal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Assuming Lognormal Distribution

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

5% Shapiro Wilk Critical Value 5% Shapiro Wilk Critical Value

UCL Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough tp draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Warning:  There are only 5 Detected Values in this data

Minimum Non-Detect Minimum Non-Detect

Maximum Non-Detect Maximum Non-Detect

Mean of Detected Mean of Detected

SD of Detected SD of Detected

Minimum Detected Minimum Detected

Maximum Detected Maximum Detected

Percent Non-Detects

Raw Statistics Log-transformed Statistics

General Statistics

Number of Valid Data Number of Detected Data

Number of Distinct Detected Data Number of Non-Detect Data

BENZO(A)PYRENE (ug/kg)

Confidence Coefficient   95%

Number of Bootstrap Operations   2000

From File   WorkSheet.wst

Full Precision   OFF

General UCL Statistics for Data Sets with Non-Detects

User Selected Options

k star 99% KM (Chebyshev) UCL

Theta star

Nu star Potential UCLs to Use

AppChi2    95% KM (t) UCL

Note: DL/2 is not a recommended method.

   95% Gamma Approximate UCL    95% KM (Percentile Bootstrap) UCL

   95% Adjusted Gamma UCL



Table G.2-3e
EPCs including Soil-to-Groundwater Remedial Goals, Residual Soil EPCs, and Groundwater Beneficial Reuse Remedial Goals

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Soil Analyte
Surface Soil CAS

EPC
(mg/kg)

Soil Analyte
Total Soil CAS

EPC
(mg/kg)

Groundwater 
Analyte CAS

EPC
(ug/L)

Aroclor 1254 11097-69-1 0.25 Aroclor 1254 11097-69-1 0.25 Manganese 7439-96-5 72.1
Heptachlor Epoxide 1024-57-3 0.0039 Heptachlor Epoxide 1024-57-3 0.0039
Dieldrin 60-57-1 0.00446 Dieldrin 60-57-1 0.00446
2,4,6-Trinitrotoluene 118-96-7 1.45 Benzo(a)pyrene 50-32-8 0.0146
2,4-Dinitrotoluene 121-14-2 0.037 2,4,6-Trinitrotoluene 118-96-7 1.45
Dinitrotoluene Mix -- 0.037 2,4-Dinitrotoluene 121-14-2 0.037
RDX 121-82-4 0.134 Dinitrotoluene Mix -- 0.037
Nitroglycerin 55-63-0 0.057 RDX 121-82-4 0.134
2,3,7,8-TCDD TEQ 1746-01-6 6.57E-06 Nitroglycerin 55-63-0 0.057

2,3,7,8-TCDD TEQ 1746-01-6 6.57E-06

Notes:
CAS = Chemical Abstract System
EPC = Exposure Point Concentration

= Remedial Goal
= Residual Soil EPC
= Groundwater MDC

mg/kg = milligam per kilogram
ug/L = microgram per liter



Scenario Timeframe: Current/Future
Receptor Population:  Maintenance Worker
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Surface Soil Soil Soil Aroclor 1254 3.E-08 -- 2.E-08 5.E-08 Aroclor 1254 eyes 2.E-03 -- 1.E-03 4.E-03

Heptachlor Epoxide 2.E-09 -- 8.E-10 3.E-09 Heptachlor Epoxide liver 6.E-05 -- 2.E-05 8.E-05
Dieldrin 5.E-09 -- 2.E-09 7.E-09 Dieldrin liver 2.E-05 -- 6.E-06 2.E-05
2,4,6-Trinitrotoluene 3.E-09 -- 3.E-10 3.E-09 2,4,6-Trinitrotoluene liver 6.E-04 -- 6.E-05 6.E-04
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 4.E-06 -- 1.E-06 5.E-06
Dinitrotoluene Mix 2.E-09 -- 6.E-10 2.E-09 Dinitrotoluene Mix NA -- -- -- --
RDX 1.E-09 -- 1.E-11 1.E-09 RDX prostate 9.E-06 -- 4.E-07 9.E-06
Nitroglycerin 7.E-11 -- 2.E-12 7.E-11 Nitroglycerin vascular 1.E-04 -- 4.E-06 1.E-04
2,3,7,8-TCDD TEQ 7.E-08 -- 7.E-09 8.E-08 2,3,7,8-TCDD TEQ -- -- -- -- --

Total 1.2.E-07 -- 3.E-08 1.E-07 Total 3.E-03 -- 1.E-03 5.E-03
Air Air Aroclor 1254 -- 3.E-12 -- 3.E-12 Aroclor 1254 NA -- -- -- --

(Fugitive Dust) Heptachlor Epoxide -- 2.E-13 -- 2.E-13 Heptachlor Epoxide NA -- -- -- --
Dieldrin -- 5.E-13 -- 5.E-13 Dieldrin NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 6.E-12 -- 6.E-12 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 1.E-11 -- 1.E-11 Total -- -- -- --
Total Risk Across Soil 1.E-07 Total Hazard Index Across Soil 5.E-03

Total Risk Across All Media and All Exposure Routes  1.E-07 Total Hazard Index Across All Media and All Exposure Routes  5.E-03

Total blood HI across all media = 5.E-06
Total CNS HI across all media = 5.E-06
Total liver HI across all media = 7.E-04

Total vascular HI across all media = 1.E-04
Total eyes HI across all media = 4.E-03

Total prostate HI across all media = 9.E-06

Table G.2-3f
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Maintenance Worker

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Commercial Worker
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Aroclor 1254 9.E-08 -- 8.E-08 2.E-07 Aroclor 1254 eyes 6.E-03 -- 6.E-03 1.E-02

Total Soil Soil Soil Heptachlor epoxide 6.E-09 -- 4.E-09 1.E-08 Heptachlor epoxide liver 1.E-04 -- 1.E-04 2.E-04
Dieldrin 1.E-08 -- 8.E-09 2.E-08 Dieldrin liver 4.E-05 -- 3.E-05 7.E-05
Benzo(a)pyrene 2.E-08 -- 2.E-08 3.E-08 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene 5.E-09 -- 9.E-10 6.E-09 2,4,6-Trinitrotoluene liver 9.E-04 -- 2.E-04 1.E-03
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 4.E-06 -- 2.E-06 6.E-06
Dinitrotoluene Mix 2.E-09 -- 1.E-09 3.E-09 Dinitrotoluene Mix NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes NA 2.E-05 -- 9.E-07 2.E-05
RDX 8.E-10 -- 2.E-11 8.E-10 RDX prostate 7.E-06 -- 6.E-07 7.E-06
2,3,7,8-TCDD TEQ 2.E-07 -- 3.E-08 2.E-07 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 3.E-07 -- 1.E-07 4.E-07 Total 7.E-03 -- 6.E-03 1.E-02
Air Air Aroclor 1254 -- 2.E-11 -- 2.E-11 Aroclor 1254 NA -- -- -- --

(Fugitive Dust) Heptachlor epoxide -- 1.E-12 -- 1.E-12 Heptachlor epoxide NA -- -- -- --
Dieldrin -- 3.E-12 -- 3.E-12 Dieldrin NA -- -- -- --
Benzo(a)pyrene -- 2.E-12 -- 2.E-12 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
Aminodinitrotoluenes -- -- -- -- Aminodinitrotoluenes NA -- -- -- --
RDX -- -- -- -- RDX NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 4.E-11 -- 4.E-11 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 7.E-11 -- 7.E-11 Total -- -- -- --
Groundwater Groundwater Groundwater Manganese -- -- -- -- Manganese CNS 4.E-02 -- 7.E-04 4.E-02

Total -- -- -- -- Total 4.E-02 -- 7.E-04 4.E-02
Total Risk Across Soil 4.E-07 Total Hazard Index Across Soil 1.E-02

Total Risk Across Groundwater -- Total Hazard Index Across Groundwater 4.E-02

Total Risk Across All Media and All Exposure Routes  4.E-07 Total Hazard Index Across All Media and All Exposure Routes  5.E-02

Total blood HI across all media = 6.E-06
Total CNS HI across all media = 4.E-02
Total liver HI across all media = 1.E-03

Total vascular HI across all media = 3.E-04
Total eyes HI across all media = 1.E-02

Total prostate HI across all media = 7.E-06

Table G.2-3g
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Commercial Worker

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Current/Future
Receptor Population:  Construction Worker
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Total Soil Soil Soil Aroclor 1254 2.E-08 -- 9.7.E-09 3.E-08 Aroclor 1254 eyes 2.E-02 -- 7.E-03 2.E-02

Heptachlor epoxide 2.E-09 -- 4.9.E-10 2.E-09 Heptachlor epoxide liver 1.E-03 -- 3.E-04 1.E-03
Dieldrin 3.E-09 -- 1.E-09 4.E-09 Dieldrin liver 3.E-04 -- 9.E-05 4.E-04
Benzo(a)pyrene 5.E-09 -- 2.E-09 7.E-09 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene 1.E-09 -- 1.E-10 1.E-09 2,4,6-Trinitrotoluene liver 6.E-03 -- 5.E-04 6.E-03
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 2.E-05 -- 7.E-06 3.E-05
Dinitrotoluene Mix 5.E-10 -- 1.E-10 6.E-10 Dinitrotoluene Mix NA -- -- -- --
RDX 2.E-10 -- 2.E-12 2.E-10 RDX prostate 4.E-05 -- 2.E-06 4.E-05
Nitroglycerin 4.E-11 -- 1.E-12 5.E-11 Nitroglycerin vascular 2.E-03 -- 6.E-05 2.E-03
2,3,7,8-TCDD TEQ 5.E-08 -- 4.1.E-09 5.E-08 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 8.E-08 -- 2.E-08 9.7.E-08 Total 2.5.E-02 -- 8.E-03 3.3.E-02
Air Air Aroclor 1254 -- 1.E-09 -- 1.E-09 Aroclor 1254 NA -- -- -- --

(Fugitive Dust) Heptachlor epoxide -- 8.E-11 -- 8.E-11 Heptachlor epoxide NA -- -- -- --
Dieldrin -- 2.E-10 -- 2.E-10 Dieldrin NA -- -- -- --
Benzo(a)pyrene -- 1.E-10 -- 1.E-10 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
RDX -- -- -- -- RDX NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 2.E-09 -- 2.E-09 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 4.E-09 -- 3.9.E-09 Total -- -- -- --
Groundwater Groundwater Groundwater Manganese -- -- -- -- Manganese CNS 4.E-04 -- 6.E-03 6.E-03

-- -- -- -- 4.E-04 -- 6.E-03 6.E-03
Total Risk Across Soil 1.E-07 Total Hazard Index Across Soil 3.E-02

Total Risk Across Groundwater -- Total Hazard Index Across Groundwater 6.E-03

Total Risk Across All Media and All Exposure Routes  1.E-07 Total Hazard Index Across All Media and All Exposure Routes  4.E-02

Total blood HI across all media = 3.E-05
Total CNS HI across all media = 6.E-03
Total liver HI across all media = 8.E-03

Total vascular HI across all media = 2.E-03
Total eyes HI across all media = 2.E-02

Total prostate HI across all media = 4.E-05

Table G.2-3h
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Construction Worker

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Adult

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Total Soil Soil Soil Aroclor 1254 2.E-07 -- 1.E-07 4.E-07 Aroclor 1254 eyes 2.E-02 -- 1.E-02 3.E-02

Heptachlor epoxide 2.E-08 -- 7.E-09 2.E-08 Heptachlor epoxide liver 4.E-04 -- 2.E-04 6.E-04
Dieldrin 3.E-08 -- 1.E-08 5.E-08 Dieldrin liver 1.E-04 -- 5.E-05 2.E-04
Benzo(a)pyrene* 9.E-08 -- 5.E-08 1.E-07 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene 1.E-08 -- 2.E-09 1.E-08 2,4,6-Trinitrotoluene liver 2.E-03 -- 3.E-04 3.E-03
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 1.E-05 -- 4.E-06 1.E-05
Dinitrotoluene Mix 5.E-09 -- 2.E-09 7.E-09 Dinitrotoluene Mix NA -- -- -- --
RDX 2.E-09 -- 3.E-11 2.E-09 RDX prostate 2.E-05 -- 1.E-06 2.E-05
Nitroglycerin 5.E-10 -- 2.E-11 5.E-10 Nitroglycerin vascular 8.E-04 -- 3.E-05 8.E-04
2,3,7,8-TCDD TEQ 5.E-07 -- 5.E-08 5.E-07 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 9.E-07 -- 3.E-07 1.E-06 Total 2.E-02 -- 1.E-02 3.E-02
Air Air Aroclor 1254 -- 4.E-12 -- 4.E-12 Aroclor 1254 NA -- -- -- --

(Fugitive Dust) Heptachlor epoxide -- 3.E-13 -- 3.E-13 Heptachlor epoxide NA -- -- -- --
Dieldrin -- 6.E-13 -- 6.E-13 Dieldrin NA -- -- -- --
Benzo(a)pyrene* -- 7.E-13 -- 7.E-13 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
RDX -- -- -- -- RDX NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 9.E-12 -- 9.E-12 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 1.E-11 -- 1.E-11 Total -- -- -- --
Groundwater Groundwater Groundwater Manganese -- -- -- -- Manganese CNS 1.E-01 -- 1.E-02 1.E-01

Total -- -- -- -- Total 1.E-01 -- 1.E-02 1.E-01
Total Risk Across Soil 1.E-06 Total Hazard Index Across Soil 3.E-02

Total Risk Across Groundwater -- Total Hazard Index Across Groundwater 1.E-01

Total Risk Across All Media and All Exposure Routes  1.E-06 Total Hazard Index Across All Media and All Exposure Routes  1.E-01

Total blood HI across all media = 1.E-05
Total CNS HI across all media = 1.E-01
Total liver HI across all media = 3.E-03

Total vascular HI across all media = 8.E-04
Total eyes HI across all media = 3.E-02

Total prostate HI across all media = 2.E-05
* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF Guidance (11/08/2006).

Table G.2-3i
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Adult Resident

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Child

  
Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point
Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

 Routes Total Target Organ Routes Total
Total Soil Soil Soil Aroclor 1254 5.E-07 -- 2.E-07 8.E-07 Aroclor 1254 eyes 2.E-01 -- 6.E-02 2.E-01

Heptachlor epoxide 4.E-08 -- 1.E-08 5.E-08 Heptachlor epoxide liver 4.E-03 -- 1.E-03 5.E-03
Dieldrin 8.E-08 -- 2.E-08 1.E-07 Dieldrin liver 1.E-03 -- 3.E-04 1.E-03
Benzo(a)pyrene* 6.E-07 -- 2.E-07 8.E-07 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene 3.E-08 -- 2.E-09 3.E-08 2,4,6-Trinitrotoluene liver 2.E-02 -- 2.E-03 2.E-02
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene CNS/ blood/ liver 1.E-04 -- 3.E-05 1.E-04
Dinitrotoluene Mix 1.E-08 -- 3.E-09 1.E-08 Dinitrotoluene Mix NA -- -- -- --
RDX 5.E-09 -- 6.E-11 5.E-09 RDX prostate 2.E-04 -- 7.E-06 2.E-04
Nitroglycerin 1.E-09 -- 3.E-11 1.E-09 Nitroglycerin vascular 7.E-03 -- 2.E-04 7.E-03
2,3,7,8-TCDD TEQ 1.E-06 -- 9.E-08 1.E-06 2,3,7,8-TCDD TEQ NA -- -- -- --

Total 2.E-06 -- 6.E-07 3.E-06 Total 2.E-01 -- 7.E-02 2.6.E-01
Air Air Aroclor 1254 -- 1.E-11 -- 1.E-11 Aroclor 1254 NA -- -- -- --

(Fugitive Dust) Heptachlor epoxide -- 9.E-13 -- 9.E-13 Heptachlor epoxide NA -- -- -- --
Dieldrin -- 2.E-12 -- 2.E-12 Dieldrin NA -- -- -- --
Benzo(a)pyrene* -- 6.E-12 -- 6.E-12 Benzo(a)pyrene NA -- -- -- --
2,4,6-Trinitrotoluene -- -- -- -- 2,4,6-Trinitrotoluene NA -- -- -- --
2,4-Dinitrotoluene -- -- -- -- 2,4-Dinitrotoluene NA -- -- -- --
Dinitrotoluene Mix -- -- -- -- Dinitrotoluene Mix NA -- -- -- --
RDX -- -- -- -- RDX NA -- -- -- --
Nitroglycerin -- -- -- -- Nitroglycerin NA -- -- -- --
2,3,7,8-TCDD TEQ -- 2.E-11 -- 2.E-11 2,3,7,8-TCDD TEQ NA -- -- -- --

Total -- 4.E-11 -- 4.E-11 -- -- -- --
Groundwater Groundwater Groundwater Manganese -- -- -- -- Manganese CNS 2.3.E-01 -- 4.E-02 3.E-01

-- -- -- -- 2.3.E-01 -- 4.E-02 2.7.E-01
Total Risk Across Soil 3.E-06 Total Hazard Index Across Soil 3.E-01

Total Risk Across Groundwater -- Total Hazard Index Across Groundwater 3.E-01

Total Risk Across All Media and All Exposure Routes  3.E-06 Total Hazard Index Across All Media and All Exposure Routes  5.E-01

Total blood HI across all media = 1.E-04
Total CNS HI across all media = 3.E-01
Total liver HI across all media = 3.E-02

Total vascular HI across all media = 7.E-03
Total eyes HI across all media = 2.E-01

Total prostate HI across all media = 2.E-04
* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF Guidance (11/08/2006).

Table G.2-3j
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Child Resident

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia



Scenario Timeframe: Future
Receptor Population:  Resident
Receptor Age: Lifetime

  
Medium Exposure Exposure Chemical Carcinogenic Risk

Medium Point
Ingestion Inhalation Dermal Exposure

 Routes Total
Soil Aroclor 1254 8.E-07 -- 3.E-07 1.E-06

Heptachlor epoxide 6.E-08 -- 2.E-08 7.E-08
Dieldrin 1.E-07 -- 4.E-08 1.E-07
Benzo(a)pyrene* 7.E-07 -- 3.E-07 1.E-06
2,4,6-Trinitrotoluene 4.E-08 -- 4.E-09 5.E-08
2,4-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix 2.E-08 -- 5.E-09 2.E-08
Aminodinitrotoluenes -- -- -- --
RDX 7.E-09 -- 9.E-11 7.E-09
Nitroglycerin 2.E-09 -- 5.E-11 2.E-09
2,3,7,8-TCDD TEQ 2.E-06 -- 1.E-07 2.E-06

Total 3.E-06 -- 8.E-07 4.E-06
Air Air Aroclor 1254 -- 2.E-11 -- 2.E-11

(Fugitive Dust) Heptachlor epoxide -- 1.E-12 -- 1.E-12
Dieldrin -- 2.E-12 -- 2.E-12
Benzo(a)pyrene* -- 7.E-12 -- 7.E-12
2,4,6-Trinitrotoluene -- -- -- --
2,4-Dinitrotoluene -- -- -- --
Dinitrotoluene Mix -- -- -- --
RDX -- -- -- --
Nitroglycerin -- -- -- --
2,3,7,8-TCDD TEQ -- 3.E-11 -- 3.E-11

Total -- 6.E-11 -- 6.E-11
Groundwater Groundwater Groundwater Manganese -- -- -- --

used as tapwater -- -- -- --
Total Risk Across Soil 4.E-06

Total Risk Across Groundwater --

Total Risk Across All Media and All Exposure Routes  4.E-06

* Compounds are carcinogens that act via a mutagenic mode of action; therefore, carcinogenic risk for these compounds were calculated accordance with USEPA Region III ADAF Guidance (11/08/2006).

Table G.2-3k
Summary of Cancer Risks and Non-Cancer Hazards for COPCs - Residual Risk - Lifetime Resident

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia
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APPENDIX G.3 
 

CORRECTIVE MEASURES ALTERNATIVE FOUR:   
INDUSTRIAL REMEDIAL GOAL EVALUATION
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Item Units
Unit Cost 

($) Quantity Total ($)
Task 1 Soil Removal Action
 Task 1.1 Pre-Characterization of Waste

Driller Mobilization EA 660 1 $660
Direct Push Rig with Crew DAY 1,705 2 $3,410
Liners for Soil Sampling EA 4 84 $370
Driller Per Diem DAY 144 2 $288
Vehicle for Investigation and Sampling DAY 58 3 $174
Vehicle Fuel for Investigation and Sampling GAL 3.78 31 $117
Per Diem for Investigation and Sampling DAY 152 3 $457
55 DOT Drum - Furnish and Fill and Move to Accumulation Area EA 99 2 $198
Sample Cooler Shipping EA 90 8 $741
Soil Sampling Equipment EVENT 375 1 $375
IDM Waste Characterization - Soil (pH, Full TCLP, Explosives, and Paint Filter) EA 1,503 23 $34,575
IDM Waste Characterization - Water (pH, Full TCLP, COD) EA 1,141 3 $3,422
Non Hazardous IDM Transportation EA 660 1 $660
Non Hazardous IDM Disposal DRUM 78 2 $156

$45,602
 Task 1.2 Soil Excavation & Backfill

Mobilization and Decontamination Station LS 1 15,000 $15,000
Access Roads SY 15 1,000 $15,000
Sediment & Erosion Control LF 10 540 $5,322
Water Truck MONTH 2.5 6,900 $17,250
Excavation BCY 7 5,000 $35,000
Sheet Piling (Installed, Pulled & Decontaminated) SF 9 4,968 $44,712
Backfill (Offsite Material, Place and Compacted) LCY 11 6,250 $68,750
Vehicle for Remedial Action Oversight MONTH 1,445 2.5 $3,613
Vehicle Fuel for Remedial Action Oversight GAL 3.78 376 $1,421
Per Diem for Remedial Action Oversight (for onsite 3 personnel) DAY 152 120 $18,260
Sample Cooler Shipping EA 90 18 $1,589
Excavation Monitoring and Sampling Equipment MONTH 1,371 2.5 $3,427
Confimatory Soil Sample Analysis - Area A (Expl, Lead, Dioxins, Perchlorate, Pest.) EA 1,093 14 $15,308
Confimatory Soil Sample Analysis - Area B (Expl.,Lead, Dioxins, Perchlorate, Pest., PCBs) EA 1,170 45 $52,668
Non-Hazardous Soil Disposal (T&D) TON 86 4,943 $424,109
Hazardous Soil Treatment and Disposal (T&D) TON 260 2,057 $533,997

$1,255,426
 Task 1.3 Site Restoration

Hydroseeding SF 0.21 17,499 $3,665
Erosion Control Matting SY 1.86 2,275 $4,232
Vehicle for Site Restoration Oversight WK 350 1 $350
Vehicle Fuel for Site Restoration Oversight GAL 3.78 34 $128
Per Diem for Site Restoration Oversight DAY 152 5 $761
Equipment and Supplies for Site Restoration Oversight EVENT 174 1 $174

$9,309

$1,310,337
Task 2 Monitoring Well Installation for LTM
 Task 2.1 Additional Monitoring Wells (4)

Driller Mobilization EA 1,265 1 $1,265
Tractor w/Forks & Bucket to Move IDM Drums WK 1,100 1 $1,100
6" Air Drilling: 4-40 ft monitoring wells FT 20 160 $3,168
2" Monitoring Well Installation FT 24 160 $3,872
6" Surface Casing EA 165 4 $660
4' x 4' Concrete Pads EA 330 4 $1,320
Bollards - Furnish and Install/Paint EA 99 4 $396
Decontamination HR 248 4 $990
Decontamination Equipment - Steam Cleaner and Water Tank DAY 110 2 $220
Temporary Decontamination Structure EA 660 1 $660
Initial Well Development: Air Lift with 1" Pipe HR 303 4 $1,210
Driller Per Diem DAY 144 2 $288
55 DOT Drum - Furnish and Fill and Move to Accumulation Area EA 99 21 $2,079
Vehicle for Well Installation Oversight and Well Development WK 350 1 $350
Vehicle Fuel for Well Installation Oversight and Well Development GAL 3.78 62 $233
Per Diem for Well Installation Oversight and Well Development DAY 152 6 $913
Equipment for Well Installation DAY 232 2 $465
Final Well Development: Surge and Pump Equipment EVENT 633 1 $633
IDM Waste Characterization - Cuttings (pH, Full TCLP, Explosives,Paint Filter, Explosives) EA 1,503 1 $1,503
IDM Waste Characterization - Decon Water (pH, Full TCLP, COD) EA 1,141 1 $1,141
Non-Hazardous IDM Transportation EA 660 1 $660
Non-Hazardous IDM Disposal DRUM 78 21 $1,640

$24,766

Radford Army Ammunition Plant, Radford, Virginia

Capital Costs

Subtotal Task 1.1

Table G.3-1
Cost Estimate: Corrective Measures Alternative Four

Excavation of Soil to Industrial RGs, Offsite Disposal, and Long-Term Monitoring of Groundwater
RCRA Facility Investigation Report/CMS

Subtotal Task 1.2

Subtotal Task 1.3

Subtotal Task 1

Subtotal Task 2.1

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Item Units
Unit Cost 

($) Quantity Total ($)
 Task 2.2 Site Close-Out/Monitoring Well Abandonment

Driller Mobilization EA 550 1 $550
2" Well Abandonment: Pressure Grout in Place FT 11 600 $6,600
Remove of Stickup Surface Completion EA 303 15 $4,538
Decontamination HR 248 4 $990
Decontamination Equipment - Steam Cleaner and Water Tank DAY 110 4 $440
Driller Per Diem DAY 144 4 $576
Containerization and Disposal of Solid Waste EA 165 15 $2,475
Vehicle for Well Abandonment DAY 58 4 $232
Vehicle Fuel for Well Abandonment GAL 3.78 4 $15
Per Diem for Well Abandonment DAY 152 4 $609

$17,025

$41,790

Item Units
Unit Cost 

($) Quantity Total ($)
 Task 3 Implementation of Institutional Controls

Land Use Control/Deed Restriction EA 10,000 1 $10,000
$10,000

$1,362,127
Project Management (5%) $68,106
Planning Documents (4%) $54,485
Construction Oversight (5.5%) $74,917

$13,621
$13,621
$13,621
$23,837

$1,624,336
$61,296

$324,867
$2,010,499

Annual O&M Costs

Item Units
Unit Cost 

($) Quantity Total ($S)

Quarterly Groundwater/Annual Surface Water & Sediment Pore Water Sampling     
Groundwater Sampling - Field Labor HR 66 360 $23,760
Surface Water/Sediment Pore Water Sampling - Labor HR 66 20 $1,320
Groundwater Sampling Equipment and Supplies EVENT 729 4 $2,917
Hach Test Kit for Fe and Mg in Groundwater EVENT 27 4 $107
Surface Water/Sediment Pore Water Equipment EVENT 279 1 $279
Per Diem DAY 152 42 $6,391
Vehicle DAY 58 21 $1,218
Vehicle Fuel GAL 3.78 134 $506
Sample Cooler Shipping EA 90 49 $4,398
Quarterly Groundwater Sample Analysis (Expl, Perchlorate, TOC, DIC, Nitrate, Sulfate) EA 384 68 $26,105
Annual Groundwater Sample Analysis (PCB, Pesticides, Dioxins at upgradient/POC wells) EA 897 8 $7,172
Surface Water/Pore Water Sample Analysis (Expl, Perchlorate) EA 257 12 $3,089

$77,262
Reporting     

Quarterly Operational and Monitoring Report EA 7500 4 $30,000
5 Year Review and Report EA 15000 0.2 $3,000

$33,000

$110,262
$11,578

$121,840
$24,368

$146,208
$6,396,734
$4,283,921

 

Subtotal Task 2

Capital Costs Cont.

Present Value @ 4.9%

Total Annual O&M Cost

Total Annual O&M Cost
Estimated Total Cost with 30 Years of O&M

Contingency (20%)

Reporting (1%)

Subtotal Tasks 1, 2, and 3

Total - Task 1, 2, and 3

Subtotal Annual O&M Cost

Engineering Design (4.5%) 
Contingency (20%)

Subtotal

Other Direct Costs (10% of Labor)

Subtotal Task 2.2

Subtotal Task 3

Subtotal

Project Management (10.5%)

Table G.3-1
Cost Estimate: Corrective Measures Alternative Four

Excavation of Soil to Industrial RGs, Offsite Disposal, and Long-Term Monitoring of Groundwater
RCRA Facility Investigation Report/CMS

Radford Army Ammunition Plant, Radford, Virginia

As Built Drawings (1%)
Permitting (1%)

Total Capital Costs

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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EOS® BARRIER DESIGN WORKSHEET  
FOR ENHANCED IN SITU BIOREMEDIATION OF GROUNDWATER
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Site Name: RAAP
Location: SWMU 54 AREA A
Project No.:

Step 1:  Select a Substrate from the EOS® Family of Bioremediation Products

Substrate Selected (pick from drop down list) EOS 450

Step 2: EOS® Consumption During Contaminant Biodegradation / Biotransformation
Section A:  Treatment Area Dimensions
Length of treatment area parallel to groundwater flow, " x" 40 ft 12.2 m
Width of treatment area perpendicular to groundwater flow, " y" 390 ft 118.9 m
Minimum depth to contamination 10 ft 3.0 m
Maximum depth of contamination 30 ft 9.1 m
Treatment thickness, "z" 20 ft 6.1 m
Treatment zone cross-sectional area, A = y * z 7,800 ft2 724.6 m2

Section B:  Groundwater Flow Rate / Site Data
Soil Characteristics
Nominal Soil Type (pick from drop down list) Sand
Total Porosity (accept default or enter n ) 0.38 (decimal)
Effective Porosity (accept default or enter n e ) 0.33 (decimal)

Soil bulk density; (1-n)*2.65 g/cc (accept calculated or enter dry bulk density) 1.64 g/cc 103 lbs / ft3

Hydraulic Characteristics
Hydraulic Conductivity (accept default or enter K ) 4.86 ft/day 1.7E-03 cm/sec
Hydraulic Gradient (accept default or enter i ) 0.017 ft/ft
Note:

Non-reactive Transport Velocity, V x  = -(K x i) / n e 0.25 ft/day 0.076 m/day
Groundwater flow rate through treatment zone, Q = -KiA 4820.38 gallons/day 18,248.40 L/day

Section C:  Calculated Contact Length
Contact time (τ ) between oil and contaminants (accept default or enter τ ) 120 typical values 60 to 180 days, see comment

Calculated Contact Length (x) = τ * V x 30.0 ft

Treatment zone volume 312,000 ft3 8,835 m2

Treatment zone groundwater volume (volume * effective porosity) 770,141 gallons 2,915,503 L

Section D:  Design Lifespan For One Application 5 year(s) typical values 5 to 10 years
Estimated total groundwater volume treated over design life 9,567,337 gallons 36,218,824 L

Section E:  Electron Acceptors 10

Dissolved Oxygen (DO) 0 to 8 10 32.0 4 7.94 45632.90217
Nitrate Nitrogen (NO3

- - N) 1 to 10 10 62.0 5 12.30 29437.15154
Sulfate (SO4

2-) 10 to 500 50 96.1 8 11.91 152012.7621
Tetrachloroethene (PCE), C2Cl4 165.8 8 20.57
Trichloroethene (TCE), C2HCl3 131.4 6 21.73
cis-1,2-dichloroethene (c-DCE), C2H2Cl2 96.9 4 24.05
Vinyl Chloride (VC), C2H3Cl 62.5 2 31.00
Carbon tetrachloride, CCl4 153.8 8 19.08
Chloroform, CHCl3 119.4 6 19.74
sym- tetrachloroethane, C2H2Cl4 167.8 8 20.82
1,1,1-Trichloroethane (TCA), CH3CCl3 133.4 6 22.06
1,1-Dichloroethane (DCA), CH2CHCl2 99.0 4 24.55
Chloroethane, C2H5Cl 64.9 2 32.18
Perchlorate, ClO4

- 0.004 99.4 8 12.33 11.74866978
Hexavalent Chromium, Cr[VI] 52.0 3 17.20
User added
User added
User added

Section F:  Additional Hydrogen Demand and Carbon Losses

Estimated Amount of Fe2 + Formed 10 to 100 3 55.8 1 55.41 1961.050376
Estimated Amount of Manganese (Mn 2+) Formed 3 54.9 2 27.25 3986.852752

Hydrogen 
Demand
(g H 2 )

DOC Released
(moles)

GW Conc.
(mg/L)

MW
(g/mole)

e- equiv./
mole

Stoichmetry
Contaminant / 

H 2

(wt/wt H 2 )

Generation (Potential Amount Formed) Typical Value

e- equiv./
mole

Stoichmetry
Contaminant/

H 2

(wt/wt H 2 )

Hydrogen 
Demand
(g H 2 )

Inputs Typical Value GW Conc.
(mg/L)

MW
(g/mole)

Since the hydraulic gradient (i =  dh/dx ) is negative, we ask you to enter  -i  in the EOS® Design 
Tool so that you can enter a positive number for convenience.

For Product Literature Click Here

 EOS® BARRIER DESIGN WORKSHEET

Version 2.1 Rev. Date:  March 7, 2007
www.EOSRemediation.com



Estimated Amount of CH4 Formed 5 to 20 10 16.0 8 1.99 182040.082
Target Amount of DOC to Release 60 to 100 60 12.0 180928.27

Calculations assume:
1.)  all reactions go to completion during passage through emulsified edible oil treated zone; and,
2.)  perfect reaction stoichiometry.

EOS®  Requirement Calculations Based on Hydrogen Demand and Carbon Losses
Stoichiometric Hydrogen Demand 914 pounds
DOC Released 13,727 pounds

EOS® Requirement Based on
Hydrogen Demand and Carbon Loss

57 drums

Step 3: EOS® Requirement Based on Attachment by Aquifer Material
Soil Characteristics EOS® Attachment by Aquifer Material1

Effective treatment thickness, "z e" (typically less than 40%) 0.25   Fine sand with some clay 0.001 to 0.002 lbs EOS® / lbs soil

For Additional Information on Effective Thickness, Click Here   Sand with higher silt/clay content 0.002 to 0.004 lbs EOS® / lbs soil
1Default values provided based on laboratory studies completed by NCSU

Weight of sediment to be treated 8,000,393 lbs For Additional Data, Click Here

Adsorptive Capacity of Soil  (accept default or enter site specific value) 0.0013 lbs EOS® / lbs sediment 

EOS® Requirement Based on
Oil Entrapment by Aquifer Material

25

Summary – How much EOS® do you need?

57 drums

†Exclusive license agreement with Solutions-IES under U.S. Patent # 6,398,960 and several international patents pending.  
††EOS® is a registered trademark of EOS Remediation, Inc. 

Copyright © 2002 - 2007 EOS Remediation, Inc.
All Rights Reserved 

Suggested Quantity of EOS®

for Your Project
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G.5 AT123D MODEL 

G.5.1 OVERVIEW  

The AT123D, Analytical, Transient One-, Two-, and Three-Dimensional analytical groundwater transport 

model has been used to evaluate RDX and 2,4,6-TNT attenuation rates in groundwater at SWMU 54 after 

removal of the remaining soil source at Area A.  This model is part of the SEVIEW integrated 

contaminant transport and fate modeling system developed by Environmental Software Consultants, Inc. 

(ESC 2007).  AT123D computes the spatial-temporal concentration distribution of dissolved phase 

chemicals in the aquifer system and predicts the transient spread of a contaminant plume through a 

groundwater aquifer.  The fate and transport processes accounted for in AT123D are advection, 

dispersion, adsorption, and decay.  AT123D estimates these components on a monthly basis for up to 99 

years of simulation time.   

G.5.2 MODEL INPUT PARAMETERS 

Various input parameters for aquifer characteristics, source area characteristics, chemical specific 

properties, and chemical loading were used for model development and implementation as described in 

the following sections.  Table G.5-1 summarizes various site-specific input parameters that were used for 

the SWMU 54 site. 

G.2.1 Aquifer Parameters 

ATD123 has input aquifer parameters for aquifer characteristics and geometry including: hydraulic 

conductivity, hydraulic gradient, effective porosity, soil bulk density, longitudinal, transverse, and vertical 

dispersivities, aquifer width and depth, number of calculation term values, and model error tolerance.  

Site specific parameters were used for model input as summarized in Table G.5-1.  Model default values 

were used for vertical dispersivity, number of calculation terms, and error tolerance.   

G.2.2 Input Parameters 

Model input parameters describe the geometry of the source release and contaminant properties.  Site 

specific parameters were used for the source area size and organic carbon content of the aquifer matrix as 

summarized in Table G.5-1.  Model database parameters were used for chemical properties of RDX and 

2,4,6-TNT including organic carbon adsorption coefficient (Koc), distribution coefficient (Kd – calculated 

using organic carbon content and Koc), and water diffusion coefficient multiplied by tortuosity. 



G.2.3 Load Parameters 

AT123D load parameters were used to establish an initial concentration within the volume of 

contaminated groundwater.  An instantaneous release load was used to establish initial concentrations in 

groundwater for RDX and 2,4,6-TNT, which were approximately equal to the maximum concentrations 

observed during the latest groundwater sampling event conducted in September 2007.  The release load 

was limited to the first 36 months of the model with progressively lower loads over each 12 month period 

to account for source removal and potential residual loading effects after source removal. 

G.5.3 MODEL RESULTS 

Model results for RDX and 2,4,6-TNT are summarized in Table G.5-2 and show attenuation of chemical 

concentrations to levels below their established remedial goals within five years of source removal.  A 

number of factors likely account for the observed attenuation including source removal, the lower initial 

chemical concentrations present in the aquifer, chemical specific characteristics, and site-specific 

dispersion factors related to groundwater/surface water interaction occurring at the site. 



Table G.5-1
Input Parameters for SWMU 54 AT123D Groundwater Model

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

Parameter Model Input Value Units Comment
Aquifer Hydraulic Gradient (Average) 0.0213 ft/ft Average Value for Area A Section 2.1.4 of RFI/CMS Report
Aquifer Hydraulic Conductivity 4.86 ft/day Average Value for Area A Section 2.1.7 of RFI/CMS Report (6.172 m/hr)
Effective Porosity 0.20 Unitless Average Value for Limestone/Sand and Gravel Section 2.72 of RFI/CMS Report
Total Organic Carbon 1% % Average Value for Unconsolidated Sediments from RFI/CMS physical test results
Carbon Absorption Coefficient (Koc) Varies by Chemical ug/g From SEVIEW/ATD123 Model Chemical Database
Aquifer Material Bulk Density 1.69 kg/m3 Average Value for Unconsolidated Sediments from RFI/CMS physical test results
Model Length and Width from Source Area 50 m Approximate distance from source area to farthest downgradient well adjacent to New River
Dispersivity (Longitudinal) 5 m 1/10 of plume distance
Dispersivity (Lateral) 5 m 1/10 length of observed lateral plume disperson distance (north) 
Vertical Dispersivity 0.2 m ATD123D default value
Source Area Size 2500 ft2 Estimated area of explosives in soil based on RFI/CMS Data

Source Area Loading 36 months

An instantaneous release load was used to establish initial concentrations in groundwater for RDX and 2,4,6-
TNT, which were approximately equal to the maximum concentrations observed during the latest groundwater 
sampling event conducted in September 2007.  The release load was limited to the first 36 months of the 
model with progressively lower loads over each 12 month period to account for source removal and potential 
residual loading effects after source removal.

Notes:
ft = feet
ft2 = square feet
m = meters
TNT = Trinitrotoluene
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazacyclohexane
ug/kg = microgram per gram
mg/L = Milligrams per liter

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report



Table G.5-2
Summary of Groundwater Modeling Results for RDX and 2,4,6-TNT After Removal of Source Area

SWMU 54 RFI/CMS Report
Radford Army Ammunition Plant, Radford, Virginia

RDX  - RG = 6.1 µg/L
Source Removal at Year 0

Year 1 2 3 4 5 6 7 8
Model Predicted with Source Removal 8.1* 3.69 2.23 1.50 1.11 0.86 0.69 0.57

TNT  - RG = 7.82 µg/L
Source Removal at Year 0

Year 1 2 3 4 5 6 7 8
Model Predicted with Source Removal 17.4* 12.2 9.54 7.76 6.45 5.44 4.69 4.18

Notes:
* Approximately Equivalent to the Maximum Groundwater Concentration Detected in September 2007
RG = Established remedial goal in groundwater.
µg/L = Micrograms per liter.
Years 1-5: Monitored Natural Attenuation Period (MNA) estimated in RFI/CMS Report.
Years 6-8: Three Year period to demonstrate achievement and maintenance of endpoints.
 red = Concentration Above Remedial Goal

2,4,6-TNT Concentrations in µg/L
MNA Period Verification of Endpoint

RDX Concentrations in µg/L
MNA Period Verification of Endpoint

Radford Army Ammunition Plant
SWMU 54 RFI/CMS Report
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m31.690E+00g/cm3
Aquifer Width: 0.000E+00 0.000E+00
Aquifer Depth: 0.000E+00 0.000E+00

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003
0.000

Distribution in mg/l at 365.00 days, 1.00 years.
Maximum concentration of 8.100E-03 mg/l (100.00 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

3.140E-03 3.350E-03 2.340E-03 1.000E-03 2.380E-04 2.970E-05 1.860E-06 5.700E-08 8.480E-10-10.00 -32.83

Meters

Feet

6.150E-03 6.570E-03 4.590E-03 1.960E-03 4.670E-04 5.810E-05 3.640E-06 1.120E-07 1.660E-09-5.00 -16.42
7.580E-03 8.100E-03 5.660E-03 2.420E-03 5.760E-04 7.170E-05 4.480E-06 1.370E-07 2.050E-090.00 0.00
6.150E-03 6.570E-03 4.590E-03 1.960E-03 4.670E-04 5.810E-05 3.640E-06 1.120E-07 1.660E-095.00 16.42
3.140E-03 3.350E-03 2.340E-03 1.000E-03 2.380E-04 2.970E-05 1.860E-06 5.700E-08 8.480E-1010.00 32.83
1.440E-04 1.540E-04 1.070E-04 4.590E-05 1.090E-05 1.360E-06 8.500E-08 2.610E-09 3.880E-1120.00 65.67
4.470E-07 4.780E-07 3.340E-07 1.430E-07 3.400E-08 4.230E-09 2.640E-10 8.110E-12 1.210E-1330.00 98.50
7.950E-11 8.490E-11 5.940E-11 2.530E-11 6.040E-12 7.510E-13 4.700E-14 1.440E-15 2.150E-1740.00 131.33

50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+

james_o_spencer
TextBox
 RDX
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 730.00 days, 2.00 years.
Maximum concentration of 3.690E-03 mg/l (45.56 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.660E-03 2.090E-03 1.990E-03 1.420E-03 7.580E-04 2.970E-04 8.390E-05 1.690E-05 2.420E-06 1.690E-08-10.00 -32.83

Meters

Feet

2.550E-03 3.210E-03 3.050E-03 2.180E-03 1.160E-03 4.550E-04 1.290E-04 2.600E-05 3.700E-06 2.580E-08-5.00 -16.42
2.930E-03 3.690E-03 3.510E-03 2.510E-03 1.340E-03 5.240E-04 1.480E-04 2.990E-05 4.260E-06 2.970E-080.00 0.00
2.550E-03 3.210E-03 3.050E-03 2.180E-03 1.160E-03 4.550E-04 1.290E-04 2.600E-05 3.700E-06 2.580E-085.00 16.42
1.660E-03 2.090E-03 1.990E-03 1.420E-03 7.580E-04 2.970E-04 8.390E-05 1.690E-05 2.420E-06 1.690E-0810.00 32.83
2.840E-04 3.580E-04 3.400E-04 2.430E-04 1.300E-04 5.080E-05 1.440E-05 2.900E-06 4.130E-07 2.880E-0920.00 65.67
1.310E-05 1.650E-05 1.570E-05 1.120E-05 5.970E-06 2.340E-06 6.610E-07 1.330E-07 1.900E-08 1.330E-1030.00 98.50
1.490E-07 1.880E-07 1.780E-07 1.270E-07 6.790E-08 2.660E-08 7.520E-09 1.520E-09 2.160E-10 1.510E-1240.00 131.33
4.010E-10 5.050E-10 4.800E-10 3.430E-10 1.830E-10 7.160E-11 2.020E-11 4.090E-12 5.830E-13 4.070E-1550.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 1095.00 days, 3.00 years.
Maximum concentration of 2.230E-03 mg/l (27.53 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

9.790E-04 1.330E-03 1.470E-03 1.320E-03 9.600E-04 5.660E-04 2.690E-04 1.020E-04 3.100E-05 1.420E-06-10.00 -32.83

Meters

Feet

1.340E-03 1.820E-03 2.010E-03 1.800E-03 1.310E-03 7.730E-04 3.670E-04 1.400E-04 4.240E-05 1.940E-06-5.00 -16.42
1.480E-03 2.020E-03 2.230E-03 2.000E-03 1.460E-03 8.580E-04 4.070E-04 1.550E-04 4.700E-05 2.160E-060.00 0.00
1.340E-03 1.820E-03 2.010E-03 1.800E-03 1.310E-03 7.730E-04 3.670E-04 1.400E-04 4.240E-05 1.940E-065.00 16.42
9.790E-04 1.330E-03 1.470E-03 1.320E-03 9.600E-04 5.660E-04 2.690E-04 1.020E-04 3.100E-05 1.420E-0610.00 32.83
2.770E-04 3.760E-04 4.150E-04 3.730E-04 2.710E-04 1.600E-04 7.590E-05 2.890E-05 8.760E-06 4.020E-0720.00 65.67
3.230E-05 4.390E-05 4.840E-05 4.350E-05 3.160E-05 1.860E-05 8.850E-06 3.370E-06 1.020E-06 4.690E-0830.00 98.50
1.500E-06 2.040E-06 2.250E-06 2.020E-06 1.470E-06 8.650E-07 4.110E-07 1.560E-07 4.740E-08 2.180E-0940.00 131.33
2.690E-08 3.650E-08 4.030E-08 3.620E-08 2.630E-08 1.550E-08 7.370E-09 2.800E-09 8.500E-10 3.900E-1150.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 1460.00 days, 4.00 years.
Maximum concentration of 1.500E-03 mg/l (18.52 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

6.180E-04 8.770E-04 1.060E-03 1.080E-03 9.380E-04 6.910E-04 4.310E-04 2.280E-04 1.010E-04 1.200E-05-10.00 -32.83

Meters

Feet

7.900E-04 1.120E-03 1.350E-03 1.380E-03 1.200E-03 8.830E-04 5.510E-04 2.910E-04 1.300E-04 1.540E-05-5.00 -16.42
8.570E-04 1.220E-03 1.470E-03 1.500E-03 1.300E-03 9.580E-04 5.980E-04 3.160E-04 1.410E-04 1.670E-050.00 0.00
7.900E-04 1.120E-03 1.350E-03 1.380E-03 1.200E-03 8.830E-04 5.510E-04 2.910E-04 1.300E-04 1.540E-055.00 16.42
6.180E-04 8.770E-04 1.060E-03 1.080E-03 9.380E-04 6.910E-04 4.310E-04 2.280E-04 1.010E-04 1.200E-0510.00 32.83
2.300E-04 3.270E-04 3.930E-04 4.020E-04 3.490E-04 2.570E-04 1.600E-04 8.470E-05 3.780E-05 4.470E-0620.00 65.67
4.360E-05 6.190E-05 7.450E-05 7.620E-05 6.610E-05 4.870E-05 3.040E-05 1.610E-05 7.160E-06 8.470E-0730.00 98.50
4.130E-06 5.870E-06 7.070E-06 7.220E-06 6.270E-06 4.620E-06 2.880E-06 1.520E-06 6.790E-07 8.030E-0840.00 131.33
1.930E-07 2.740E-07 3.300E-07 3.370E-07 2.930E-07 2.160E-07 1.350E-07 7.110E-08 3.170E-08 3.750E-0950.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m31.690E+00g/cm3
Aquifer Width: 0.000E+00 0.000E+00
Aquifer Depth: 0.000E+00 0.000E+00

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003
0.000

Distribution in mg/l at 1825.00 days, 5.00 years.
Maximum concentration of 1.110E-03 mg/l (13.70 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

4.090E-04 5.970E-04 7.600E-04 8.460E-04 8.230E-04 6.990E-04 5.190E-04 3.360E-04 1.900E-04 4.010E-05-10.00 -32.83

Meters

Feet

5.010E-04 7.300E-04 9.300E-04 1.040E-03 1.010E-03 8.560E-04 6.360E-04 4.120E-04 2.330E-04 4.910E-05-5.00 -16.42
5.350E-04 7.810E-04 9.950E-04 1.110E-03 1.080E-03 9.160E-04 6.800E-04 4.410E-04 2.490E-04 5.250E-050.00 0.00
5.010E-04 7.300E-04 9.300E-04 1.040E-03 1.010E-03 8.560E-04 6.360E-04 4.120E-04 2.330E-04 4.910E-055.00 16.42
4.090E-04 5.970E-04 7.600E-04 8.460E-04 8.230E-04 6.990E-04 5.190E-04 3.360E-04 1.900E-04 4.010E-0510.00 32.83
1.820E-04 2.650E-04 3.370E-04 3.760E-04 3.650E-04 3.110E-04 2.310E-04 1.490E-04 8.440E-05 1.780E-0520.00 65.67
4.660E-05 6.790E-05 8.660E-05 9.640E-05 9.370E-05 7.970E-05 5.910E-05 3.830E-05 2.170E-05 4.570E-0630.00 98.50
6.840E-06 9.980E-06 1.270E-05 1.420E-05 1.380E-05 1.170E-05 8.690E-06 5.630E-06 3.180E-06 6.710E-0740.00 131.33
5.700E-07 8.310E-07 1.060E-06 1.180E-06 1.150E-06 9.750E-07 7.240E-07 4.690E-07 2.650E-07 5.590E-0850.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+

james_o_spencer
TextBox
 RDX
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 2190.00 days, 6.00 years.
Maximum concentration of 8.640E-04 mg/l (10.67 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

2.800E-04 4.160E-04 5.520E-04 6.520E-04 6.870E-04 6.450E-04 5.400E-04 4.030E-04 2.680E-04 8.390E-05-10.00 -32.83

Meters

Feet

3.330E-04 4.950E-04 6.550E-04 7.740E-04 8.160E-04 7.660E-04 6.420E-04 4.790E-04 3.190E-04 9.960E-05-5.00 -16.42
3.520E-04 5.240E-04 6.940E-04 8.200E-04 8.640E-04 8.110E-04 6.790E-04 5.070E-04 3.370E-04 1.050E-040.00 0.00
3.330E-04 4.950E-04 6.550E-04 7.740E-04 8.160E-04 7.660E-04 6.420E-04 4.790E-04 3.190E-04 9.960E-055.00 16.42
2.800E-04 4.160E-04 5.520E-04 6.520E-04 6.870E-04 6.450E-04 5.400E-04 4.030E-04 2.680E-04 8.390E-0510.00 32.83
1.410E-04 2.090E-04 2.770E-04 3.270E-04 3.450E-04 3.240E-04 2.710E-04 2.020E-04 1.350E-04 4.210E-0520.00 65.67
4.440E-05 6.610E-05 8.750E-05 1.030E-04 1.090E-04 1.020E-04 8.570E-05 6.400E-05 4.260E-05 1.330E-0530.00 98.50
8.790E-06 1.310E-05 1.730E-05 2.050E-05 2.150E-05 2.020E-05 1.690E-05 1.270E-05 8.420E-06 2.630E-0640.00 131.33
1.080E-06 1.610E-06 2.130E-06 2.520E-06 2.650E-06 2.490E-06 2.090E-06 1.560E-06 1.040E-06 3.240E-0750.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 2555.00 days, 7.00 years.
Maximum concentration of 6.900E-04 mg/l (8.52 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.970E-04 2.970E-04 4.050E-04 5.000E-04 5.590E-04 5.650E-04 5.170E-04 4.280E-04 3.210E-04 1.340E-04-10.00 -32.83

Meters

Feet

2.290E-04 3.450E-04 4.700E-04 5.810E-04 6.490E-04 6.560E-04 6.010E-04 4.980E-04 3.730E-04 1.550E-04-5.00 -16.42
2.400E-04 3.620E-04 4.940E-04 6.100E-04 6.820E-04 6.900E-04 6.310E-04 5.230E-04 3.920E-04 1.630E-040.00 0.00
2.290E-04 3.450E-04 4.700E-04 5.810E-04 6.490E-04 6.560E-04 6.010E-04 4.980E-04 3.730E-04 1.550E-045.00 16.42
1.970E-04 2.970E-04 4.050E-04 5.000E-04 5.590E-04 5.650E-04 5.170E-04 4.280E-04 3.210E-04 1.340E-0410.00 32.83
1.080E-04 1.630E-04 2.230E-04 2.750E-04 3.070E-04 3.110E-04 2.840E-04 2.350E-04 1.770E-04 7.350E-0520.00 65.67
3.980E-05 6.010E-05 8.190E-05 1.010E-04 1.130E-04 1.140E-04 1.050E-04 8.660E-05 6.500E-05 2.700E-0530.00 98.50
9.780E-06 1.480E-05 2.010E-05 2.480E-05 2.770E-05 2.810E-05 2.570E-05 2.130E-05 1.600E-05 6.640E-0640.00 131.33
1.600E-06 2.410E-06 3.290E-06 4.060E-06 4.530E-06 4.590E-06 4.200E-06 3.480E-06 2.610E-06 1.080E-0650.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

17.480
3.761E-04 1.044E-05 cm/secm/hr

1.880E-03
1.880E-03
7.522E-06

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.950E-03
0.000E+00
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 2920.00 days, 8.00 years.
Maximum concentration of 5.730E-04 mg/l (7.07 percent of the maximum concentration of 8.100E-03 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.410E-04 2.150E-04 3.010E-04 3.840E-04 4.490E-04 4.800E-04 4.710E-04 4.220E-04 3.470E-04 1.800E-04-10.00 -32.83

Meters

Feet

1.610E-04 2.460E-04 3.430E-04 4.380E-04 5.120E-04 5.480E-04 5.370E-04 4.820E-04 3.960E-04 2.050E-04-5.00 -16.42
1.690E-04 2.570E-04 3.580E-04 4.580E-04 5.350E-04 5.730E-04 5.610E-04 5.040E-04 4.140E-04 2.140E-040.00 0.00
1.610E-04 2.460E-04 3.430E-04 4.380E-04 5.120E-04 5.480E-04 5.370E-04 4.820E-04 3.960E-04 2.050E-045.00 16.42
1.410E-04 2.150E-04 3.010E-04 3.840E-04 4.490E-04 4.800E-04 4.710E-04 4.220E-04 3.470E-04 1.800E-0410.00 32.83
8.330E-05 1.270E-04 1.770E-04 2.260E-04 2.640E-04 2.830E-04 2.770E-04 2.490E-04 2.040E-04 1.060E-0420.00 65.67
3.440E-05 5.250E-05 7.320E-05 9.350E-05 1.090E-04 1.170E-04 1.150E-04 1.030E-04 8.450E-05 4.380E-0530.00 98.50
9.980E-06 1.520E-05 2.120E-05 2.710E-05 3.160E-05 3.390E-05 3.320E-05 2.980E-05 2.450E-05 1.270E-0540.00 131.33
2.020E-06 3.080E-06 4.290E-06 5.480E-06 6.410E-06 6.860E-06 6.720E-06 6.030E-06 4.960E-06 2.570E-0650.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)

C:\SEVIEW63\RDX08.ATI
C:\SEVIEW63\RDX08.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.950E+02 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m31.690E+00g/cm3
Aquifer Width: 0.000E+00 0.000E+00
Aquifer Depth: 0.000E+00 0.000E+00

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003
0.000

Distribution in mg/l at 365.00 days, 1.00 years.
Maximum concentration of 1.740E-02 mg/l (100.00 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.870E-03 1.760E-03 2.750E-04 2.440E-07-10.00 -32.83

Meters

Feet

1.590E-02 1.490E-02 2.340E-03 2.080E-06-5.00 -16.42
1.740E-02 1.640E-02 2.560E-03 2.280E-060.00 0.00
1.590E-02 1.490E-02 2.340E-03 2.080E-065.00 16.42
1.870E-03 1.760E-03 2.750E-04 2.440E-0710.00 32.83

20.00 65.67
30.00 98.50
40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 730.00 days, 2.00 years.
Maximum concentration of 1.220E-02 mg/l (70.11 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

2.320E-03 2.090E-03 6.370E-04 1.690E-05 2.130E-08-10.00 -32.83

Meters

Feet

1.020E-02 9.130E-03 2.790E-03 7.400E-05 9.340E-08-5.00 -16.42
1.220E-02 1.090E-02 3.330E-03 8.850E-05 1.120E-070.00 0.00
1.020E-02 9.130E-03 2.790E-03 7.400E-05 9.340E-085.00 16.42
2.320E-03 2.090E-03 6.370E-04 1.690E-05 2.130E-0810.00 32.83
3.170E-08 2.840E-08 8.690E-09 2.310E-10 2.910E-1320.00 65.67

30.00 98.50
40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 1095.00 days, 3.00 years.
Maximum concentration of 9.540E-03 mg/l (54.83 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

2.310E-03 2.070E-03 8.340E-04 7.060E-05 8.370E-07 1.200E-09-10.00 -32.83

Meters

Feet

7.640E-03 6.840E-03 2.760E-03 2.340E-04 2.770E-06 3.970E-09-5.00 -16.42
9.540E-03 8.530E-03 3.450E-03 2.910E-04 3.460E-06 4.950E-090.00 0.00
7.640E-03 6.840E-03 2.760E-03 2.340E-04 2.770E-06 3.970E-095.00 16.42
2.310E-03 2.070E-03 8.340E-04 7.060E-05 8.370E-07 1.200E-0910.00 32.83
9.680E-07 8.660E-07 3.500E-07 2.960E-08 3.510E-10 5.030E-1320.00 65.67

30.00 98.50
40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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7.00E-03

8.00E-03

Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 1460.00 days, 4.00 years.
Maximum concentration of 7.760E-03 mg/l (44.60 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

2.180E-03 1.990E-03 9.460E-04 1.450E-04 5.280E-06 4.060E-08 6.260E-11-10.00 -32.83

Meters

Feet

6.120E-03 5.590E-03 2.660E-03 4.060E-04 1.480E-05 1.140E-07 1.760E-10-5.00 -16.42
7.760E-03 7.080E-03 3.370E-03 5.150E-04 1.880E-05 1.450E-07 2.230E-100.00 0.00
6.120E-03 5.590E-03 2.660E-03 4.060E-04 1.480E-05 1.140E-07 1.760E-105.00 16.42
2.180E-03 1.990E-03 9.460E-04 1.450E-04 5.280E-06 4.060E-08 6.260E-1110.00 32.83
5.180E-06 4.730E-06 2.250E-06 3.440E-07 1.260E-08 9.650E-11 1.490E-1320.00 65.67

30.00 98.50
40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m31.690E+00g/cm3
Aquifer Width: 0.000E+00 0.000E+00
Aquifer Depth: 0.000E+00 0.000E+00

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003
0.000

Distribution in mg/l at 1825.00 days, 5.00 years.
Maximum concentration of 6.450E-03 mg/l (37.07 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

2.020E-03 1.900E-03 1.010E-03 2.220E-04 1.600E-05 3.370E-07 1.980E-09-10.00 -32.83

Meters

Feet

5.070E-03 4.780E-03 2.550E-03 5.580E-04 4.010E-05 8.460E-07 4.970E-09-5.00 -16.42
6.450E-03 6.070E-03 3.240E-03 7.100E-04 5.100E-05 1.070E-06 6.310E-090.00 0.00
5.070E-03 4.780E-03 2.550E-03 5.580E-04 4.010E-05 8.460E-07 4.970E-095.00 16.42
2.020E-03 1.900E-03 1.010E-03 2.220E-04 1.600E-05 3.370E-07 1.980E-0910.00 32.83
1.380E-05 1.300E-05 6.920E-06 1.520E-06 1.090E-07 2.300E-09 1.350E-1120.00 65.67
6.640E-10 6.260E-10 3.330E-10 7.310E-11 5.250E-12 1.110E-13 6.500E-1630.00 98.50

40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 2190.00 days, 6.00 years.
Maximum concentration of 5.440E-03 mg/l (31.26 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.860E-03 1.810E-03 1.060E-03 2.960E-04 3.340E-05 1.380E-06 1.990E-08 9.790E-11-10.00 -32.83

Meters

Feet

4.300E-03 4.190E-03 2.440E-03 6.830E-04 7.720E-05 3.190E-06 4.590E-08 2.260E-10-5.00 -16.42
5.440E-03 5.300E-03 3.080E-03 8.640E-04 9.770E-05 4.040E-06 5.810E-08 2.860E-100.00 0.00
4.300E-03 4.190E-03 2.440E-03 6.830E-04 7.720E-05 3.190E-06 4.590E-08 2.260E-105.00 16.42
1.860E-03 1.810E-03 1.060E-03 2.960E-04 3.340E-05 1.380E-06 1.990E-08 9.790E-1110.00 32.83
2.590E-05 2.520E-05 1.470E-05 4.110E-06 4.650E-07 1.920E-08 2.760E-10 1.360E-1220.00 65.67
6.020E-09 5.870E-09 3.410E-09 9.570E-10 1.080E-10 4.470E-12 6.430E-14 3.170E-1630.00 98.50

40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 2555.00 days, 7.00 years.
Maximum concentration of 4.690E-03 mg/l (26.95 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.710E-03 1.730E-03 1.080E-03 3.620E-04 5.660E-05 3.780E-06 1.030E-07 1.130E-09-10.00 -32.83

Meters

Feet

3.710E-03 3.730E-03 2.330E-03 7.830E-04 1.220E-04 8.180E-06 2.230E-07 2.440E-09-5.00 -16.42
4.650E-03 4.690E-03 2.930E-03 9.830E-04 1.540E-04 1.030E-05 2.800E-07 3.060E-090.00 0.00
3.710E-03 3.730E-03 2.330E-03 7.830E-04 1.220E-04 8.180E-06 2.230E-07 2.440E-095.00 16.42
1.710E-03 1.730E-03 1.080E-03 3.620E-04 5.660E-05 3.780E-06 1.030E-07 1.130E-0910.00 32.83
3.990E-05 4.020E-05 2.510E-05 8.430E-06 1.320E-06 8.800E-08 2.410E-09 2.620E-1120.00 65.67
2.870E-08 2.890E-08 1.810E-08 6.070E-09 9.480E-10 6.340E-11 1.730E-12 1.890E-1430.00 98.50

40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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Dissolved Concentrations in Plume 0.200
AT123D INPUT PARAMETERS

Effective Porosity:

Hydraulic Conductivity: 6.172E-02m/hr 1.714E-03 cm/sec
0.02130

Soil Bulk Density:

Hydraulic Gradient:

1.690E+03kg/m3 1.690E+0 g/cm3
Aquifer Width: 0.000E+00 0.000E+0
Aquifer Depth: 0.000E+00 0.000E+0

Dispersivities
Longitudinal: 5.00 16.42
Lateral:
Vertical:

5.00
0.02

16.42
0.07

Retardation Factor:
Retarded Darcy Velocity:
Retarded Longitudinal Disp. Cofficient:
Retarded Lateral Dispersion Cofficient:
Retarded Vertical Dispersion Cofficient:

156.000
4.214E-05 1.170E-06 cm/secm/hr

2.108E-04
2.108E-04
9.162E-07

m2/hr
m2/hr
m2/hr

Distribution Coefficient (Kd):
Molecular Diffusion Coefficient:
First-Order Decay Coefficient:

Begin (m) End (m) Begin (ft) End(ft)

1.834E-02
2.289E-06
0.000E+00

m3/kg
m2/hr
1/hr

-7.615
-7.615
0.000

7.615
7.615
0.000

-25.003
-25.003

0.000

25.003
25.003

0.000

Distribution in mg/l at 2920.00 days, 8.00 years.
Maximum concentration of 4.180E-03 mg/l (24.02 percent of the maximum concentration of 1.740E-02 mg/l).

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 50.00
0.00 16.42 32.83 49.25 65.67 82.08 98.50 114.92 131.33 164.17

1.580E-03 1.640E-03 1.090E-03 4.210E-04 8.390E-05 8.050E-06 3.550E-07 7.060E-09 6.290E-11-10.00 -32.83

Meters

Feet

3.230E-03 3.360E-03 2.230E-03 8.610E-04 1.720E-04 1.650E-05 7.270E-07 1.450E-08 1.290E-10-5.00 -16.42
4.020E-03 4.180E-03 2.780E-03 1.070E-03 2.130E-04 2.050E-05 9.040E-07 1.800E-08 1.600E-100.00 0.00
3.230E-03 3.360E-03 2.230E-03 8.610E-04 1.720E-04 1.650E-05 7.270E-07 1.450E-08 1.290E-105.00 16.42
1.580E-03 1.640E-03 1.090E-03 4.210E-04 8.390E-05 8.050E-06 3.550E-07 7.060E-09 6.290E-1110.00 32.83
5.440E-05 5.650E-05 3.760E-05 1.450E-05 2.890E-06 2.770E-07 1.220E-08 2.430E-10 2.160E-1220.00 65.67
9.140E-08 9.510E-08 6.320E-08 2.430E-08 4.860E-09 4.660E-10 2.060E-11 4.090E-13 3.640E-1530.00 98.50

40.00 131.33
50.00 164.17

Load
X-Direction
Y-Direction
Z-Direction

Meters Feet

m/m

m
m

ft
ft

Trinitrotoluene, 2,4,6-

C:\SEVIEW63\TNT02.ATI
C:\SEVIEW63\TNT02.ATO

Depth (Z) = 0.00 meters, 0.00 feet.

Soil Organic Carbon Content: 1.000E+00 percent
Carbon Adsorption Coefficient: 1.834E+01 (ug/g)/(ug/ml)

Initial Load (kg): Initial Load (mg/kg):7.300E+2 0.0000E+
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APPENDIX H.1 
SWMU 54 Initial Sampling Event 

2002-2003

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX H.2 
Additional Characterization Work Instructions Sampling 

2004























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX H.3 
Additional Investigations and Quarterly Groundwater Monitoring 

2006-2007 
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SOLID WASTE 
MANAGEMENT UNIT 54 

RCRA FACILITY 
INVESTIGATION/ 

CORRECTIVE MEASURES 
STUDY REPORT

VOLUME II

RADFORD ARMY 
AMMUNITION PLANT 
RADFORD, VIRGINIA

FINAL
SEPTEMBER 2008

CONTRACT NO. 
DACA31-00-D-0011

DELIVERY ORDER NO. 0027
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