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Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Non-Fragmenting Rounds

Munition: 40 mm M651 CS Grenade

Case Material: Aluminum 7075

Secondary Database Category:

Munition Case Classification: Non-Fragmenting

DODIC: B567

Individual Last Updated Record: SDH

Explosive Type: CS Starter Mixture

Explosive Weight (lb): 7.14285714285714E-03

Diameter (in): 1.5900

Maximum Fragment Weight 
(Intentional) (lb):

Critical Fragment Velocity (fps):

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

Inhabited Building Distance (1.2 psi), K40 Distance: 8

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 3

Intentional MSD (0.0655 psi), K328 Distance: 63

4000 psi Concrete 
(Prevent Spall):

Mild Steel:

Hard Steel:

Aluminum:

LEXAN:

Plexi-glass:

Bullet Resist Glass:

Kinetic Energy 10⁶ (lb-ft²/s²):

Required Wall & Roof Sandbag Thickness (in) Non-Fragmenting

Expected Maximum Sandbag Throw Distance (ft): Non-Fragmenting

Minimum Separation Distance (ft): Non-Fragmenting

Kinetic Energy 106 (lb-ft²/s²):

Water Containment System: Non-
Fragmenting

Minimum Separation Distance (ft): Non-Fragmenting

Date Record Created: 5/8/2008

Last Date Record Updated: 12/16/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Non-Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 5

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 0.007

Item Notes

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.007

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.007

Cylindrical Case Weight (lb):



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Grenades & Mines

Munition: Mk II Grenade

Case Material: Cast Iron, Grey, CL35

Secondary Database Category: Hand Grenade

Munition Case Classification: Robust

DODIC: G890

Individual Last Updated Record: SDH

Explosive Type: TNT

Explosive Weight (lb): 0.125

Diameter (in): 2.2600

Maximum Fragment Weight 
(Intentional) (lb):

0.0129

Critical Fragment Velocity (fps): 578

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

62

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

397

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

521

Inhabited Building Distance (1.2 psi), K40 Distance: 20

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 9

Intentional MSD (0.0655 psi), K328 Distance: 164

4000 psi Concrete 
(Prevent Spall): 1.15

Mild Steel: 0.07

Hard Steel: 0.06

Aluminum: 0.16

LEXAN: 1.61

Plexi-glass: 0.73

Bullet Resist Glass: 0.55

Kinetic Energy 10⁶ (lb-ft²/s²): 0.0022

Required Wall & Roof Sandbag Thickness (in) 12

Expected Maximum Sandbag Throw Distance (ft): 25

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.0022

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 200/200

Date Record Created: 9/21/2004

Last Date Record Updated: 3/29/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0043

0.79

0.10

0.05

0.04

1.23

0.37

0.51

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Pre-formed Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 12

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 0.125

Item Notes

Fragment sizes, number of fragments and HFD came from test 
information.  These numbers were used to calculate MFD-H 
using TP 16 Eq 4-34 & iterating using TRAJ to calculate the 
intial velocity.  With this information, standard TP 16 methods 
were used to ca

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.125

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.125

Cylindrical Case Weight (lb): 0.24047



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 81 mm M43

Case Material: Steel, Mild

Secondary Database Category: Mortar

Munition Case Classification: Robust

DODIC: C225

Individual Last Updated Record: SDH

Explosive Type: TNT

Explosive Weight (lb): 1.23

Diameter (in): 3.1890

Maximum Fragment Weight 
(Intentional) (lb):

0.1096

Critical Fragment Velocity (fps): 3776

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

209

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

1215

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

1579

Inhabited Building Distance (1.2 psi), K40 Distance: 43

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 19

Intentional MSD (0.0655 psi), K328 Distance: 351

4000 psi Concrete 
(Prevent Spall): 6.61

Mild Steel: 1.27

Hard Steel: 1.04

Aluminum: 2.59

LEXAN: 6.62

Plexi-glass: 4.99

Bullet Resist Glass: 4.22

Kinetic Energy 10⁶ (lb-ft²/s²): 0.7813

Required Wall & Roof Sandbag Thickness (in) 24

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.7813

Water Containment System: 1100 gal tank

Minimum Separation Distance (ft): 200

Date Record Created: 9/21/2004

Last Date Record Updated: 3/10/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0377

3.98

1.60

0.77

0.63

5.05

2.87

3.49

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 26

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 1.230

Item Notes

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 1.230

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 1.230

Cylindrical Case Weight (lb): 4.22038



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 81 mm M56

Case Material: Steel, Mild

Secondary Database Category: Mortar

Munition Case Classification: Non-Robust

DODIC:

Individual Last Updated Record: SDH

Explosive Type: TNT

Explosive Weight (lb): 4.31

Diameter (in): 3.1890

Maximum Fragment Weight 
(Intentional) (lb):

0.0263

Critical Fragment Velocity (fps): 7384

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

240

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

960

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

1196

Inhabited Building Distance (1.2 psi), K40 Distance: 65

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 29

Intentional MSD (0.0655 psi), K328 Distance: 534

4000 psi Concrete 
(Prevent Spall): 8.02

Mild Steel: 1.41

Hard Steel: 1.15

Aluminum: 2.92

LEXAN: 6.69

Plexi-glass: 5.05

Bullet Resist Glass: 4.20

Kinetic Energy 10⁶ (lb-ft²/s²): 0.7170

Required Wall & Roof Sandbag Thickness (in) 24

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.7170

Water Containment System: 1100 gal tank

Minimum Separation Distance (ft): 200

Date Record Created: 9/21/2004

Last Date Record Updated: 3/2/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0034

3.43

1.37

0.63

0.51

4.06

2.01

2.60

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 39

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 4.310

Item Notes

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 4.310

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 4.310

Cylindrical Case Weight (lb): 3.77074



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 2.36 in M6A3 Rocket (Warhead & 
Motor)

Case Material: Steel, Mild

Secondary Database Category: Rocket

Munition Case Classification: Robust

DODIC:

Individual Last Updated Record: SDH

Explosive Type: See Item Notes

Explosive Weight (lb): 0.50/0.135

Diameter (in): 2.3600

Maximum Fragment Weight 
(Intentional) (lb):

0.0087

Critical Fragment Velocity (fps): 6170

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

142

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

634

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

790

Inhabited Building Distance (1.2 psi), K40 Distance: 37

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 17

Intentional MSD (0.0655 psi), K328 Distance: 304

4000 psi Concrete 
(Prevent Spall): 3.69

Mild Steel: 0.70

Hard Steel: 0.57

Aluminum: 1.49

LEXAN: 4.45

Plexi-glass: 2.94

Bullet Resist Glass: 2.32

Kinetic Energy 10⁶ (lb-ft²/s²): 0.2187

Required Wall & Roof Sandbag Thickness (in) 20

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.2187

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 264/200

Date Record Created: 9/21/2004

Last Date Record Updated: 3/31/2011

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0013

1.66

0.72

0.32

0.26

2.75

1.14

1.55

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 22

TNT Equivalent (Pressure): 1.38/0.8

TNT Equivalent Weight - Pressure (lbs): 0.798

Item Notes

Whd Explosive: Pentolite (50/50); Rkt Mtr Explosive: Ballistite

TNT Equivalent (Impulse): 1.14 / 0.8

TNT Equivalent Weight - Impulse (lbs): 0.678

TNT Equivalent (Impulse): 1.14 / 0.8

TNT Equivalent Weight - Impulse (lbs): 0.678

Cylindrical Case Weight (lb): 1.30239



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Grenades & Mines

Munition: M9A1 Rifile Grenade

Case Material: Steel, Mild

Secondary Database Category: Rifle Grenade

Munition Case Classification: Robust

DODIC:

Individual Last Updated Record:

Explosive Type: Pentolite (50/50)

Explosive Weight (lb): 0.25

Diameter (in): 2.2500

Maximum Fragment Weight 
(Intentional) (lb):

0.0051

Critical Fragment Velocity (fps): 6313

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

113

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

570

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

709

Inhabited Building Distance (1.2 psi), K40 Distance: 28

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

Intentional MSD (0.0655 psi), K328 Distance: 230

4000 psi Concrete 
(Prevent Spall): 3.26

Mild Steel: 0.62

Hard Steel: 0.50

Aluminum: 1.33

LEXAN: 4.11

Plexi-glass: 2.64

Bullet Resist Glass: 2.06

Kinetic Energy 10⁶ (lb-ft²/s²): 0.1016

Required Wall & Roof Sandbag Thickness (in) 12

Expected Maximum Sandbag Throw Distance (ft): 25

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.1016

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 200/200

Date Record Created: 8/23/2010

Last Date Record Updated:

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0009

1.62

0.70

0.31

0.26

2.70

1.11

1.51

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: SDH

Public Traffic Route Distance (2.3 psi); K24 Distance: 17

TNT Equivalent (Pressure): 1.38

TNT Equivalent Weight - Pressure (lbs): 0.345

Item Notes

It is possible that this item contains Pentolite (10/90) which is 
90% TNT.  Since Pentolite (50/50) has a TNT equivalency 
greater than 1.0 and was more common during the production 
era, Pentolite (50/50) has been used for analysis until sources 
are found 

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.285

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.285

Cylindrical Case Weight (lb): 0.36005



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Grenades & Mines

Munition: M31 Rifle Grenade

Case Material: Steel, Mild

Secondary Database Category: Rifle Grenade

Munition Case Classification: Non-Robust

DODIC: G970

Individual Last Updated Record: SDH

Explosive Type: Composition B

Explosive Weight (lb): 0.62

Diameter (in): 2.6160

Maximum Fragment Weight 
(Intentional) (lb):

0.0013

Critical Fragment Velocity (fps): 9250

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

92

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

409

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

500

Inhabited Building Distance (1.2 psi), K40 Distance: 36

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 16

Intentional MSD (0.0655 psi), K328 Distance: 294

4000 psi Concrete 
(Prevent Spall): 3.69

Mild Steel: 0.60

Hard Steel: 0.50

Aluminum: 1.35

LEXAN: 3.81

Plexi-glass: 2.39

Bullet Resist Glass: 1.80

Kinetic Energy 10⁶ (lb-ft²/s²): 0.0556

Required Wall & Roof Sandbag Thickness (in) 20

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.0556

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 264/200

Date Record Created: 7/24/2007

Last Date Record Updated: 3/31/2011

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0002

1.65

0.66

0.28

0.23

2.39

0.90

1.28

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 22

TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 0.719

Item Notes

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.707

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.707

Cylindrical Case Weight (lb): 0.27137



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 155 mm M107 (Composition B filled)

Case Material: Steel, Mild

Secondary Database Category: Projectile

Munition Case Classification: Robust

DODIC: D571

Individual Last Updated Record: SDH

Explosive Type: Composition B

Explosive Weight (lb): 15.448

Diameter (in): 6.1024

Maximum Fragment Weight 
(Intentional) (lb):

0.6641

Critical Fragment Velocity (fps): 3584

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

450

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

2022

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

2630

Inhabited Building Distance (1.2 psi), K40 Distance: 105

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 47

Intentional MSD (0.0655 psi), K328 Distance: 858

4000 psi Concrete 
(Prevent Spall): 14.45

Mild Steel: 2.74

Hard Steel: 2.25

Aluminum: 5.30

LEXAN: 10.69

Plexi-glass: 9.43

Bullet Resist Glass: 8.58

Kinetic Energy 10⁶ (lb-ft²/s²): 4.2663

Required Wall & Roof Sandbag Thickness (in) 36

Expected Maximum Sandbag Throw Distance (ft): 220

Minimum Separation Distance (ft): 220

Kinetic Energy 106 (lb-ft²/s²): 4.2663

Water Containment System: 1100 gal tank

Minimum Separation Distance (ft): 275

Date Record Created: 9/21/2004

Last Date Record Updated: 2/4/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.1372

6.68

2.61

1.29

1.06

6.73

4.39

5.10

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 63

TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 17.920

Item Notes

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 17.611

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 17.611

Cylindrical Case Weight (lb): 73.50184



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 155 mm M101

Case Material: Steel, Mild

Secondary Database Category: Projectile

Munition Case Classification: Robust

DODIC: D485

Individual Last Updated Record:

Explosive Type: TNT

Explosive Weight (lb): 14.6

Diameter (in): 6.1250

Maximum Fragment Weight 
(Intentional) (lb):

1.0548

Critical Fragment Velocity (fps): 4035

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

389

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

2208

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

2894

Inhabited Building Distance (1.2 psi), K40 Distance: 98

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 44

Intentional MSD (0.0655 psi), K328 Distance: 802

4000 psi Concrete 
(Prevent Spall): 14.62

Mild Steel: 2.82

Hard Steel: 2.31

Aluminum: 5.39

LEXAN: 11.10

Plexi-glass: 9.91

Bullet Resist Glass: 9.14

Kinetic Energy 10⁶ (lb-ft²/s²): 6.6543

Required Wall & Roof Sandbag Thickness (in) Not Permitted

Expected Maximum Sandbag Throw Distance (ft): Not Permitted

Minimum Separation Distance (ft): Not Permitted

Kinetic Energy 106 (lb-ft²/s²): 6.6543

Water Containment System: Not Permitted

Minimum Separation Distance (ft): Not Permitted

Date Record Created: 12/8/2010

Last Date Record Updated:

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.2710

7.33

2.85

1.43

1.17

7.30

4.99

5.69

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MMC

Public Traffic Route Distance (2.3 psi); K24 Distance: 59

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 14.600

Item Notes

This is the same as the TNT filled 155 mm M107 except that 
the M101 has a wider rotating band.  Therefore the model for 
the TNT filled 155 mm M107 was used for this round.

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 14.600

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 14.600

Cylindrical Case Weight (lb): 73.50184



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 155 mm M795

Case Material: Steel, Mild

Secondary Database Category: Projectile

Munition Case Classification: Robust

DODIC: D529

Individual Last Updated Record: SDH

Explosive Type: TNT

Explosive Weight (lb): 28.814

Diameter (in): 6.0430

Maximum Fragment Weight 
(Intentional) (lb):

0.6139

Critical Fragment Velocity (fps): 4434

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

443

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

2111

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

2739

Inhabited Building Distance (1.2 psi), K40 Distance: 123

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 55

Intentional MSD (0.0655 psi), K328 Distance: 1006

4000 psi Concrete 
(Prevent Spall): 15.11

Mild Steel: 2.79

Hard Steel: 2.29

Aluminum: 5.44

LEXAN: 10.90

Plexi-glass: 9.67

Bullet Resist Glass: 8.86

Kinetic Energy 10⁶ (lb-ft²/s²): 6.0347

Required Wall & Roof Sandbag Thickness (in) Not Permitted

Expected Maximum Sandbag Throw Distance (ft): Not Permitted

Minimum Separation Distance (ft): Not Permitted

Kinetic Energy 106 (lb-ft²/s²): 6.0347

Water Containment System: Not Permitted

Minimum Separation Distance (ft): Not Permitted

Date Record Created: 9/21/2004

Last Date Record Updated: 2/4/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.1116

7.34

2.85

1.42

1.16

7.19

4.79

5.57

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 74

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 28.814

Item Notes

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 28.814

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 28.814

Cylindrical Case Weight (lb): 61.96831



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Grenades & Mines

Munition: M26A2 Grenade

Case Material: Steel, Mild

Secondary Database Category: Hand Grenade

Munition Case Classification: Non-Robust

DODIC:

Individual Last Updated Record:

Explosive Type: Composition B

Explosive Weight (lb): 0.3625

Diameter (in): 2.3750

Maximum Fragment Weight 
(Intentional) (lb):

0.0003

Critical Fragment Velocity (fps): 7978

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

288

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

256

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

312

Inhabited Building Distance (1.2 psi), K40 Distance: 30

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

Intentional MSD (0.0655 psi), K328 Distance: 246

4000 psi Concrete 
(Prevent Spall): 1.42

Mild Steel: 0.26

Hard Steel: 0.22

Aluminum: 0.61

LEXAN: 2.36

Plexi-glass: 1.26

Bullet Resist Glass: 0.90

Kinetic Energy 10⁶ (lb-ft²/s²): 0.0099

Required Wall & Roof Sandbag Thickness (in) 12

Expected Maximum Sandbag Throw Distance (ft): 25

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.0099

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 200/200

Date Record Created: 9/30/2009

Last Date Record Updated:

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0003

1.42

0.61

0.26

0.22

2.36

0.90

1.26

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Pre-formed Fragmenting

Record Created By: SDH

Public Traffic Route Distance (2.3 psi); K24 Distance: 18

TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 0.421

Item Notes

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.413

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.413

Cylindrical Case Weight (lb): 0.30954



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Grenades & Mines

Munition: M3 AP Mine

Case Material: Cast Iron, Grey, CL35

Secondary Database Category: Mine

Munition Case Classification: Robust

DODIC: K120

Individual Last Updated Record: SDH

Explosive Type: TNT

Explosive Weight (lb): 0.9

Diameter (in): 3.5000

Maximum Fragment Weight 
(Intentional) (lb):

0.2100

Critical Fragment Velocity (fps): 3845

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

180

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

1396

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

1818

Inhabited Building Distance (1.2 psi), K40 Distance: 39

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 17

Intentional MSD (0.0655 psi), K328 Distance: 317

4000 psi Concrete 
(Prevent Spall): 8.98

Mild Steel: 1.82

Hard Steel: 1.49

Aluminum: 3.59

LEXAN: 9.04

Plexi-glass: 7.18

Bullet Resist Glass: 6.30

Kinetic Energy 10⁶ (lb-ft²/s²): 1.5523

Required Wall & Roof Sandbag Thickness (in) 24

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 1.5523

Water Containment System: 1100 gal tank

Minimum Separation Distance (ft): 200.000

Date Record Created: 9/21/2004

Last Date Record Updated: 3/29/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0509

5.09

2.12

1.04

0.85

6.40

3.78

4.54

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 23

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 0.900

Item Notes

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.900

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.900

Cylindrical Case Weight (lb): 4.98474



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Grenades & Mines

Munition: M15 AT Mine

Case Material: Steel, Mild

Secondary Database Category: Mine

Munition Case Classification: Non-Robust

DODIC: K180

Individual Last Updated Record: SDH

Explosive Type: Composition B

Explosive Weight (lb): 22.75

Diameter (in): 12.6500

Maximum Fragment Weight 
(Intentional) (lb):

0.0119

Critical Fragment Velocity (fps): 12018

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

221

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

839

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

1027

Inhabited Building Distance (1.2 psi), K40 Distance: 119

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 54

Intentional MSD (0.0655 psi), K328 Distance: 977

4000 psi Concrete 
(Prevent Spall): 12.27

Mild Steel: 1.76

Hard Steel: 1.44

Aluminum: 3.73

LEXAN: 7.22

Plexi-glass: 5.57

Bullet Resist Glass: 4.57

Kinetic Energy 10⁶ (lb-ft²/s²): 0.8594

Required Wall & Roof Sandbag Thickness (in) Not Permitted

Expected Maximum Sandbag Throw Distance (ft): Not Permitted

Minimum Separation Distance (ft): Not Permitted

Kinetic Energy 106 (lb-ft²/s²): 0.8594

Water Containment System: Not Permitted

Minimum Separation Distance (ft): Not Permitted

Date Record Created: 7/12/2007

Last Date Record Updated: 1/12/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0014

4.93

1.68

0.75

0.61

4.27

2.11

2.77

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 71

TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 26.390

Item Notes

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 25.935

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 25.935

Cylindrical Case Weight (lb): 2.02193



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 60 mm M49A5

Case Material: Steel, Mild

Secondary Database Category: Mortar

Munition Case Classification: Robust

DODIC: B632

Individual Last Updated Record: SDH

Explosive Type: Composition B

Explosive Weight (lb): 0.79

Diameter (in): 2.3622

Maximum Fragment Weight 
(Intentional) (lb):

0.0206

Critical Fragment Velocity (fps): 6044

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

184

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

845

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

1070

Inhabited Building Distance (1.2 psi), K40 Distance: 39

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 17

Intentional MSD (0.0655 psi), K328 Distance: 319

4000 psi Concrete 
(Prevent Spall): 5.47

Mild Steel: 1.02

Hard Steel: 0.84

Aluminum: 2.14

LEXAN: 5.65

Plexi-glass: 4.03

Bullet Resist Glass: 3.30

Kinetic Energy 10⁶ (lb-ft²/s²): 0.3763

Required Wall & Roof Sandbag Thickness (in) 20

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.3763

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 264/200

Date Record Created: 9/21/2004

Last Date Record Updated: 9/4/2009

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0036

2.68

1.12

0.51

0.42

3.69

1.76

2.29

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 23

TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 0.916

Item Notes

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.901

TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (lbs): 0.901

Cylindrical Case Weight (lb): 1.76541



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Surface-Launched HE Rounds

Munition: 60 mm M49A2

Case Material: Steel, Mild

Secondary Database Category: Mortar

Munition Case Classification: Robust

DODIC: B632

Individual Last Updated Record: SDH

Explosive Type: TNT

Explosive Weight (lb): 0.34

Diameter (in): 2.3622

Maximum Fragment Weight 
(Intentional) (lb):

0.0570

Critical Fragment Velocity (fps): 3982

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

152

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

1025

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

1322

Inhabited Building Distance (1.2 psi), K40 Distance: 28

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

Intentional MSD (0.0655 psi), K328 Distance: 229

4000 psi Concrete 
(Prevent Spall): 4.96

Mild Steel: 0.97

Hard Steel: 0.79

Aluminum: 1.97

LEXAN: 5.75

Plexi-glass: 4.14

Bullet Resist Glass: 3.47

Kinetic Energy 10⁶ (lb-ft²/s²): 0.4519

Required Wall & Roof Sandbag Thickness (in) 20

Expected Maximum Sandbag Throw Distance (ft): 125

Minimum Separation Distance (ft): 200

Kinetic Energy 106 (lb-ft²/s²): 0.4519

Water Containment System: 5 gal carboys/ 
inflatable pool

Minimum Separation Distance (ft): 264/200

Date Record Created: 9/21/2004

Last Date Record Updated: 3/23/2010

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

0.0159

2.99

1.23

0.58

0.48

4.21

2.19

2.74

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Naturally Fragmenting

Record Created By: MC

Public Traffic Route Distance (2.3 psi); K24 Distance: 17

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 0.340

Item Notes

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.340

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.340

Cylindrical Case Weight (lb): 1.45420



Munition Information and 
Fragmentation Characteristics

Theoretical Calculated Fragment Distances

Minimum Thickness to Prevent Perforation

Overpressure Distances

Required Sandbag Thickness

Water Containment System and Minimum 
Separation Distance:

Fragmentation Data Review Form

Category: Non-Fragmenting Rounds

Munition: 81 mm Practice M879

Case Material: Steel, Mild

Secondary Database Category:

Munition Case Classification: Non-Fragmenting

DODIC: C875

Individual Last Updated Record:

Explosive Type: Flash Charge Composition

Explosive Weight (lb): 0.398917

Diameter (in): 3.1740

Maximum Fragment Weight 
(Intentional) (lb):

Critical Fragment Velocity (fps):

HFD [Hazardous Fragment Distance: 
distance to no more than 1 hazardous 
fragment per 600 square feet] (ft):

MFD-V [Maximum Fragment Distance, 
Vertical] (ft):

MFD-H [Maximum Fragment Distance, 
Horizontal] (ft):

Inhabited Building Distance (1.2 psi), K40 Distance: 29

Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

Intentional MSD (0.0655 psi), K328 Distance: 241

4000 psi Concrete 
(Prevent Spall):

Mild Steel:

Hard Steel:

Aluminum:

LEXAN:

Plexi-glass:

Bullet Resist Glass:

Kinetic Energy 10⁶ (lb-ft²/s²):

Required Wall & Roof Sandbag Thickness (in) Non-Fragmenting

Expected Maximum Sandbag Throw Distance (ft): Non-Fragmenting

Minimum Separation Distance (ft): Non-Fragmenting

Kinetic Energy 106 (lb-ft²/s²):

Water Containment System: Non-
Fragmenting

Minimum Separation Distance (ft): Non-Fragmenting

Date Record Created: 1/11/2010

Last Date Record Updated:

Date Record Retired:

Database Revision Date 5/24/2011

Intentional UnintentionalDesign Fragment Weight (95%) 
(Unintentional) (lb):

Distribution authorized to the Department of Defense and U.S. 
DoD contractors only for Administrative-Operational Use (17 

October 2002).  Other requests shall be referred to the 
Chairman, Department of Defense Explosives Safety Board, 
Room 856C, Hoffman Building I, 2461 Eisenhower Avenue, 

Alexandria, VA 22331-0600.

Fragmentation Method: Non-Fragmenting

Record Created By: SDH

Public Traffic Route Distance (2.3 psi); K24 Distance: 18

TNT Equivalent (Pressure): 1

TNT Equivalent Weight - Pressure (lbs): 0.399

Item Notes

The TNT equivalent weight for flash charge composition is not 
known.  However, due to the small explosive weight it is 
acceptable and conservative to assume the flash charge 
composition has a TNT equivalency of 1.0

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.399

TNT Equivalent (Impulse): 1

TNT Equivalent Weight - Impulse (lbs): 0.399

Cylindrical Case Weight (lb):
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Transect Sampling for Unexploded Ordnance (UXO) Target Detection

Summary
This report summarizes the probability of traversing and detecting a target area of specific size and shape for different 
transect spacings.  Simulation details and a power curve estimate how well the specified design would detect the target.  
The selected design statement is:

If 1 meter wide transects with a parallel pattern are spaced 35 meters between transects (36 meters on centers) 
over the entire site, these transects have an approximately 90% chance of traversing and detecting any 56.6928 
meter diameter (28.3464 meter radius) circular target area having a bivariate normal distribution with an average 
density of 350 anomalies per acre above the background density of 15 anomalies per acre.  This assumes the 
instrument false negative rate is 5% and flagged windows have at least 95% confidence they have density greater 
than background.

The following table summarizes the sampling design developed.  A figure that shows the transect placement in the field is 
also provided below.

SUMMARY OF SAMPLING DESIGN
Primary Objective of Design Ensure high probability of traversing and

detecting a target area that has a specified
size and shape

Required Probability of
Traversing the Target

100%

TARGET AREA AND TRANSECT INPUTS
Type of Sampling Design Transects

Transect Pattern Parallel

Transect Width 1 meters

Area of target area 27171.63 ft2

Shape of target area of concern Circular

Radius of target area of concern 28.3464 meters

SIMULATION PARAMETERS FOR PROBABILITY OF DETECTION
Formula for calculating the probability
of traversing and detecting target area

Monte Carlo Simulation
(method described below)

Decision Rule Flag if at least 95% confident an area has
density greater than background density

Background Density of the Site 15 anomalies / acre

Expected Target Area Density
Above Background

350 anomalies / acre
Target average

Distribution of target area
density above background

Bivariate Normal

Transect spacing evaluation range 20 to 50 meters

Instrument false negative rate 5%

Minimum precision 0.1

Maximum error 0.05

Search Window Diameter 15 meters

PROPOSED TRANSECT DESIGN AND COST INFORMATION
Number of selected sample areas a 2

Specified sampling area b 424.86 acres



Computed spacing between transects 35 meters

Computed spacing between
transect centers

36 meters

Number of transects to be surveyed 172

Transect Coverage 2.78% of total site area

Linear transect coverage 29.71 miles

Area of transect coverage 11.8146 acres

Total cost of sampling c $66,012.15

a The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
b The sampling area is the total surface area of the selected colored sample areas on the map of the site.
c See the Cost of Sampling section for an explanation of the costs presented here.

Site Map With Proposed Transect Design

Primary Sampling Objective
The primary purpose of sampling at this site is to traverse and detect target areas of a given size and shape with required 
high probability.  The transect design tools provide a statistically defensible method to use transect survey data that covers 
only a small proportion of the total study area.

Selected Sampling Approach
The specified sampling approach was random parallel transect sampling.  If parameters change from those specified in the 
table above, then the probability of detecting the target area will be different from those computed by VSP and reported 
here.  

Simulation Details
To generate an estimated probability on a graph, VSP runs a Monte Carlo simulation based on the entered parameters.  
For each iteration, VSP creates a square site with the target area centered at the origin and rotated at a random angle.  A 
parallel transect pattern is placed randomly so that 1 meters wide transects are parallel to the x axis.  

VSP calculates the total area of the site traversed by transects, , which can vary for each iteration.  The expected 



number of detected background anomalies, , is calculated as  where  is the background 

density of 15 anomalies / acres and  is the instrument false negative rate of 0.05.  A random number of detected 
background anomalies is generated using a Poisson distribution with parameter .  VSP randomly places these 
anomalies within the traversed areas of the site.

To simulate the number of additional anomalies in the target area, VSP uses an approximation technique to randomly 
place additional detected anomalies in the traversed areas of the target area.  Portions of transects overlapping the target 
area are divided into small sections.  For each section, the quantile of the target area in which it lies is determined, the 
expected number of additional anomalies is determined, and a random number of detected anomalies is determined using 
a Poisson distribution and placed within the section.

VSP uses a moving window along each transect to determine which areas have density significantly greater than 
background density.  The window moves 1/6 of the search window diameter for each iteration.  Where  is the actual 
density for the current window, the null and alternative hypotheses for determining if the area inside the window has 
density significantly greater than background density, , are as follows:

Null Hypothesis:  

Alternative Hypothesis:

VSP checks each window to see if the actual number of detected anomalies is significantly greater than the expected 
number of anomalies for a Poisson distribution.  If any windows intersecting the target area are flagged as significant, then 
we determine the target area has been detected.

250 iterations are run to begin the simulation to estimate a probability of detection.  If the specified Maximum Error has not 
been achieved, additional iterations are run until the Maximum Error is met.  If the total number of iterations is n and the 
proportion of target areas detected is p, then another iteration is run if 

Maximum Error < 

The quantity  is the 95th percentile of the standard error of the mean for a binomial distribution.  We are 

95% certain that the estimated probability is close to the true probability (within the maximum error).  When all iterations 
are completed, VSP tabulates the estimated probability the target area has been detected, p / n.  VSP repeats this process 
for a number of transect spacings determined by simulation results and the minimum precision specified.  

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number and length of the transects.  Based on the number of transects determined above, the estimated 
total cost of surveying this site is $66,012.15, which averages out to a per transect cost of $383.79.  Note:  these costs are 
for the geophysical survey only, and do not include any excavation or follow-up investigations.  The following table 
summarizes the inputs and resulting cost estimates.

COST INFORMATION
Cost Details Cost / Unit Units Total
Collection costs $1.00 / meter 47812.15 meters $47,812.15

Setup costs $100.00 / transect 172 transects $17,200.00

Fixed planning and validation costs $1,000.00

Total cost $66,012.15

This report was automatically produced* by Visual Sample Plan (VSP) software version 6.0.
Software and documentation available at http://vsp.pnl.gov 
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Transect Sampling for Unexploded Ordnance (UXO) Target Detection

Summary
This report summarizes the probability of traversing and detecting a target area of specific size and shape for different 
transect spacings.  Simulation details and a power curve estimate how well the specified design would detect the target.  
The selected design statement is:

If 1 meter wide transects with a parallel pattern are spaced 72 meters between transects (73 meters on centers) 
over the entire site, these transects have an approximately 90% chance of traversing and detecting any 103.327 
meter diameter (51.6636 meter radius) circular target area having a bivariate normal distribution with an average 
density of 350 anomalies per acre above the background density of 15 anomalies per acre.  This assumes the 
instrument false negative rate is 5% and flagged windows have at least 95% confidence they have density greater 
than background.

The following table summarizes the sampling design developed.  A figure that shows the transect placement in the field 
and a table that lists the transect placement coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN
Primary Objective of Design Ensure high probability of traversing and

detecting a target area that has a specified
size and shape

Required Probability of
Traversing the Target

100%

TARGET AREA AND TRANSECT INPUTS
Type of Sampling Design Transects

Transect Pattern Parallel

Transect Width 1 meters

Area of target area 90258.74 ft2

Shape of target area of concern Circular

Radius of target area of concern 51.6636 meters

SIMULATION PARAMETERS FOR PROBABILITY OF DETECTION
Formula for calculating the probability
of traversing and detecting target area

Monte Carlo Simulation
(method described below)

Decision Rule Flag if at least 95% confident an area has
density greater than background density

Background Density of the Site 15 anomalies / acre

Expected Target Area Density
Above Background

350 anomalies / acre
Target average

Distribution of target area
density above background

Bivariate Normal

Transect spacing evaluation range 60 to 90 meters

Instrument false negative rate 5%

Minimum precision 0.1

Maximum error 0.05

Search Window Diameter 101 meters

PROPOSED TRANSECT DESIGN AND COST INFORMATION
Number of selected sample areas a 1

Specified sampling area b 1060.88 acres



Computed spacing between transects 72 meters

Computed spacing between
transect centers

73 meters

Number of transects to be surveyed 48

Transect Coverage 1.37% of total site area

Linear transect coverage 36.53 miles

Area of transect coverage 14.5284 acres

Total cost of sampling c $64,594.26

a The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
b The sampling area is the total surface area of the selected colored sample areas on the map of the site.
c See the Cost of Sampling section for an explanation of the costs presented here.

Site Map With Proposed Transect Design

Summary of Transect Survey Design for Area: Area 24
(All measurements are in meters)

Start Coordinate End Coordinate Transect
X Y X Y Width Length ID

420926.2266 3858891.9481 421007.5189 3858891.9481 1.0000 81.2923 0

420884.0137 3858964.9481 421133.7526 3858964.9481 1.0000 249.7390 0

420841.8007 3859037.9481 421259.9864 3859037.9481 1.0000 418.1857 0

420799.5878 3859110.9481 421386.2202 3859110.9481 1.0000 586.6323 0

420757.3749 3859183.9481 421512.4539 3859183.9481 1.0000 755.0790 0

420715.1620 3859256.9481 421638.6877 3859256.9481 1.0000 923.5257 0

420672.9491 3859329.9481 421198.1101 3859329.9481 1.0000 525.1610 0



421219.7254 3859329.9481 421764.9215 3859329.9481 1.0000 545.1961 0

420630.7362 3859402.9481 421077.2879 3859402.9481 1.0000 446.5517 0

421242.2681 3859402.9481 421891.1552 3859402.9481 1.0000 648.8871 0

420588.5233 3859475.9481 421000.5284 3859475.9481 1.0000 412.0051 0

421264.8108 3859475.9481 422017.3890 3859475.9481 1.0000 752.5782 0

420546.3104 3859548.9481 421038.8783 3859548.9481 1.0000 492.5679 0

421224.0604 3859548.9481 422143.6228 3859548.9481 1.0000 919.5623 0

420504.0975 3859621.9481 421077.2281 3859621.9481 1.0000 573.1307 0

421088.3804 3859621.9481 422269.8565 3859621.9481 1.0000 1181.4761 0

420461.8845 3859694.9481 422396.0903 3859694.9481 1.0000 1934.2057 0

420420.0817 3859767.9481 422522.3241 3859767.9481 1.0000 2102.2423 0

420413.7036 3859840.9481 422511.1240 3859840.9481 1.0000 2097.4204 0

420407.3254 3859913.9481 422468.9107 3859913.9481 1.0000 2061.5853 0

420380.2810 3859986.9481 422426.6974 3859986.9481 1.0000 2046.4164 0

420290.8830 3860059.9481 422384.4841 3860059.9481 1.0000 2093.6011 0

420208.6070 3860132.9481 422342.2708 3860132.9481 1.0000 2133.6637 0

420166.3941 3860205.9481 422300.0575 3860205.9481 1.0000 2133.6633 0

420124.1812 3860278.9481 422257.8442 3860278.9481 1.0000 2133.6629 0

420081.9683 3860351.9481 422215.6308 3860351.9481 1.0000 2133.6625 0

420039.7554 3860424.9481 422173.4175 3860424.9481 1.0000 2133.6621 0

419997.5425 3860497.9481 422131.2042 3860497.9481 1.0000 2133.6617 0

419955.3296 3860570.9481 422088.9909 3860570.9481 1.0000 2133.6613 0

419913.1167 3860643.9481 422046.7776 3860643.9481 1.0000 2133.6609 0

419906.5790 3860716.9481 422004.5643 3860716.9481 1.0000 2097.9853 0

419909.1365 3860789.9481 421962.3510 3860789.9481 1.0000 2053.2145 0

419911.6940 3860862.9481 421920.1377 3860862.9481 1.0000 2008.4437 0

419914.2515 3860935.9481 421877.9244 3860935.9481 1.0000 1963.6729 0

419935.7483 3861008.9481 421835.7111 3861008.9481 1.0000 1899.9628 0

420061.9844 3861081.9481 421793.4978 3861081.9481 1.0000 1731.5134 0

420188.2204 3861154.9481 421751.2845 3861154.9481 1.0000 1563.0640 0

420314.4565 3861227.9481 421709.0712 3861227.9481 1.0000 1394.6147 0

420440.6926 3861300.9481 421666.8578 3861300.9481 1.0000 1226.1653 0

420566.9286 3861373.9481 421624.6445 3861373.9481 1.0000 1057.7159 0

420693.1647 3861446.9481 421582.4312 3861446.9481 1.0000 889.2665 0

420819.4007 3861519.9481 420911.3485 3861519.9481 1.0000 91.9477 0

420962.1056 3861519.9481 421540.2179 3861519.9481 1.0000 578.1123 0

420972.3729 3861592.9481 421498.0046 3861592.9481 1.0000 525.6318 0

421071.8730 3861665.9481 421443.5243 3861665.9481 1.0000 371.6513 0

421198.1090 3861738.9481 421361.0540 3861738.9481 1.0000 162.9450 0

421324.3451 3861811.9481 421351.4558 3861811.9481 1.0000 27.1107 0



421679.9179 3862468.9481 421914.8162 3862468.9481 1.0000 234.8983 0

Primary Sampling Objective
The primary purpose of sampling at this site is to traverse and detect target areas of a given size and shape with required 
high probability.  The transect design tools provide a statistically defensible method to use transect survey data that covers 
only a small proportion of the total study area.

Selected Sampling Approach
The specified sampling approach was random parallel transect sampling.  If parameters change from those specified in the 
table above, then the probability of detecting the target area will be different from those computed by VSP and reported 
here.  

Simulation Details
To generate an estimated probability on a graph, VSP runs a Monte Carlo simulation based on the entered parameters.  
For each iteration, VSP creates a square site with the target area centered at the origin and rotated at a random angle.  A 
parallel transect pattern is placed randomly so that 1 meters wide transects are parallel to the x axis.  

VSP calculates the total area of the site traversed by transects, , which can vary for each iteration.  The expected 
number of detected background anomalies, , is calculated as  where  is the background 

density of 15 anomalies / acres and  is the instrument false negative rate of 0.05.  A random number of detected 
background anomalies is generated using a Poisson distribution with parameter .  VSP randomly places these 
anomalies within the traversed areas of the site.

To simulate the number of additional anomalies in the target area, VSP uses an approximation technique to randomly 
place additional detected anomalies in the traversed areas of the target area.  Portions of transects overlapping the target 
area are divided into small sections.  For each section, the quantile of the target area in which it lies is determined, the 
expected number of additional anomalies is determined, and a random number of detected anomalies is determined using 
a Poisson distribution and placed within the section.

VSP uses a moving window along each transect to determine which areas have density significantly greater than 
background density.  The window moves 1/6 of the search window diameter for each iteration.  Where  is the actual 
density for the current window, the null and alternative hypotheses for determining if the area inside the window has 
density significantly greater than background density, , are as follows:

Null Hypothesis:  

Alternative Hypothesis:

VSP checks each window to see if the actual number of detected anomalies is significantly greater than the expected 
number of anomalies for a Poisson distribution.  If any windows intersecting the target area are flagged as significant, then 
we determine the target area has been detected.

250 iterations are run to begin the simulation to estimate a probability of detection.  If the specified Maximum Error has not 
been achieved, additional iterations are run until the Maximum Error is met.  If the total number of iterations is n and the 
proportion of target areas detected is p, then another iteration is run if 

Maximum Error < 

The quantity  is the 95th percentile of the standard error of the mean for a binomial distribution.  We are 

95% certain that the estimated probability is close to the true probability (within the maximum error).  When all iterations 
are completed, VSP tabulates the estimated probability the target area has been detected, p / n.  VSP repeats this process 
for a number of transect spacings determined by simulation results and the minimum precision specified.  

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 



are based on the number and length of the transects.  Based on the number of transects determined above, the estimated 
total cost of surveying this site is $64,594.26, which averages out to a per transect cost of $1,345.71.  Note:  these costs 
are for the geophysical survey only, and do not include any excavation or follow-up investigations.  The following table 
summarizes the inputs and resulting cost estimates.

COST INFORMATION
Cost Details Cost / Unit Units Total
Collection costs $1.00 / meter 58794.26 meters $58,794.26

Setup costs $100.00 / transect 48 transects $4,800.00

Fixed planning and validation costs $1,000.00

Total cost $64,594.26

This report was automatically produced* by Visual Sample Plan (VSP) software version 6.0.
Software and documentation available at http://vsp.pnl.gov 
Software copyright (c) 2011 Battelle Memorial Institute.  All rights reserved.
* - The report contents may have been modified or reformatted by end-user of software.



Transect Sampling for Unexploded Ordnance (UXO) Target Detection

Summary
This report summarizes the probability of traversing and detecting a target area of specific size and shape for different 
transect spacings.  Simulation details and a power curve estimate how well the specified design would detect the target.  
The selected design statement is:

If 1 meter wide transects with a parallel pattern are spaced 134 meters between transects (135 meters on centers) 
over the entire site, these transects have an approximately 90% chance of traversing and detecting any 168.25 
meter diameter (84.1248 meter radius) circular target area having a bivariate normal distribution with an average 
density of 350 anomalies per acre above the background density of 15 anomalies per acre.  This assumes the 
instrument false negative rate is 5% and flagged windows have at least 95% confidence they have density greater 
than background.

The following table summarizes the sampling design developed.  A figure that shows the transect placement in the field is 
also provided below.

SUMMARY OF SAMPLING DESIGN
Primary Objective of Design Ensure high probability of traversing and

detecting a target area that has a specified
size and shape

Required Probability of
Traversing the Target

100%

TARGET AREA AND TRANSECT INPUTS
Type of Sampling Design Transects

Transect Pattern Parallel

Transect Width 1 meters

Area of target area 239313.96 ft2

Shape of target area of concern Circular

Radius of target area of concern 84.1248 meters

SIMULATION PARAMETERS FOR PROBABILITY OF DETECTION
Formula for calculating the probability
of traversing and detecting target area

Monte Carlo Simulation
(method described below)

Decision Rule Flag if at least 95% confident an area has
density greater than background density

Background Density of the Site 15 anomalies / acre

Expected Target Area Density
Above Background

350 anomalies / acre
Target average

Distribution of target area
density above background

Bivariate Normal

Transect spacing evaluation range 120 to 150 meters

Instrument false negative rate 5%

Minimum precision 0.1

Maximum error 0.05

Search Window Diameter 101 meters

PROPOSED TRANSECT DESIGN AND COST INFORMATION
Number of selected sample areas a 1

Specified sampling area b 11453.42 acres



Computed spacing between transects 134 meters

Computed spacing between
transect centers

135 meters

Number of transects to be surveyed 146

Transect Coverage 0.74% of total site area

Linear transect coverage 213.59 miles

Area of transect coverage 84.9398 acres

Total cost of sampling c $359,339.08

a The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
b The sampling area is the total surface area of the selected colored sample areas on the map of the site.
c See the Cost of Sampling section for an explanation of the costs presented here.

Site Map With Proposed Transect Design

Primary Sampling Objective
The primary purpose of sampling at this site is to traverse and detect target areas of a given size and shape with required 
high probability.  The transect design tools provide a statistically defensible method to use transect survey data that covers 
only a small proportion of the total study area.

Selected Sampling Approach
The specified sampling approach was random parallel transect sampling.  If parameters change from those specified in the 
table above, then the probability of detecting the target area will be different from those computed by VSP and reported 
here.  

Simulation Details
To generate an estimated probability on a graph, VSP runs a Monte Carlo simulation based on the entered parameters.  
For each iteration, VSP creates a square site with the target area centered at the origin and rotated at a random angle.  A 
parallel transect pattern is placed randomly so that 1 meters wide transects are parallel to the x axis.  

VSP calculates the total area of the site traversed by transects, , which can vary for each iteration.  The expected 



number of detected background anomalies, , is calculated as  where  is the background 

density of 15 anomalies / acres and  is the instrument false negative rate of 0.05.  A random number of detected 
background anomalies is generated using a Poisson distribution with parameter .  VSP randomly places these 
anomalies within the traversed areas of the site.

To simulate the number of additional anomalies in the target area, VSP uses an approximation technique to randomly 
place additional detected anomalies in the traversed areas of the target area.  Portions of transects overlapping the target 
area are divided into small sections.  For each section, the quantile of the target area in which it lies is determined, the 
expected number of additional anomalies is determined, and a random number of detected anomalies is determined using 
a Poisson distribution and placed within the section.

VSP uses a moving window along each transect to determine which areas have density significantly greater than 
background density.  The window moves 1/6 of the search window diameter for each iteration.  Where  is the actual 
density for the current window, the null and alternative hypotheses for determining if the area inside the window has 
density significantly greater than background density, , are as follows:

Null Hypothesis:  

Alternative Hypothesis:

VSP checks each window to see if the actual number of detected anomalies is significantly greater than the expected 
number of anomalies for a Poisson distribution.  If any windows intersecting the target area are flagged as significant, then 
we determine the target area has been detected.

250 iterations are run to begin the simulation to estimate a probability of detection.  If the specified Maximum Error has not 
been achieved, additional iterations are run until the Maximum Error is met.  If the total number of iterations is n and the 
proportion of target areas detected is p, then another iteration is run if 

Maximum Error < 

The quantity  is the 95th percentile of the standard error of the mean for a binomial distribution.  We are 

95% certain that the estimated probability is close to the true probability (within the maximum error).  When all iterations 
are completed, VSP tabulates the estimated probability the target area has been detected, p / n.  VSP repeats this process 
for a number of transect spacings determined by simulation results and the minimum precision specified.  

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number and length of the transects.  Based on the number of transects determined above, the estimated 
total cost of surveying this site is $359,339.08, which averages out to a per transect cost of $2,461.23.  Note:  these costs 
are for the geophysical survey only, and do not include any excavation or follow-up investigations.  The following table 
summarizes the inputs and resulting cost estimates.

COST INFORMATION
Cost Details Cost / Unit Units Total
Collection costs $1.00 / meter 343739.08 meters $343,739.08

Setup costs $100.00 / transect 146 transects $14,600.00

Fixed planning and validation costs $1,000.00

Total cost $359,339.08

This report was automatically produced* by Visual Sample Plan (VSP) software version 6.0.
Software and documentation available at http://vsp.pnl.gov 
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Transect Sampling for Unexploded Ordnance (UXO) Target Detection

Summary
This report summarizes a transect sampling design where transects were manually placed on the specified sampling 
area(s).  Simulation details and a power curve estimate how well the specified design would detect the target.  If previous 
transect and anomaly data was collected, this is not included in the simulations.

The following table summarizes the sampling design developed.  A figure that shows the transect placement in the field 
and a table that lists the transect placement coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN
Primary Objective of Design Manually place transects

TARGET AREA AND TRANSECT INPUTS
Type of Sampling Design Transects

Transect Pattern Parallel

Transect Width 1 meters

Area of target area 27171.63 ft2

Shape of target area of concern Circular

Radius of target area of concern 28.3464 meters

PROPOSED TRANSECT DESIGN AND COST INFORMATION
Number of selected sample areas a 1

Specified sampling area b 7.55 acres

Computed spacing between transects 15.24 meters

Computed spacing between
transect centers

16.24 meters

Number of transects to be surveyed 13

Transect Coverage 6.13% of total site area

Linear transect coverage 1.16 miles

Area of transect coverage 0.4626 acres

Total cost of sampling c $4,172.24

a The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
b The sampling area is the total surface area of the selected colored sample areas on the map of the site.
c See the Cost of Sampling section for an explanation of the costs presented here.

Site Map With Proposed Transect Design



Summary of Transect Survey Design for Area: Area 3
(All measurements are in meters)

Start Coordinate End Coordinate Transect
X Y X Y Width Length ID

422896.5724 3864228.3920 422907.1596 3864228.3920 1.0000 10.5872 0

422829.5172 3864244.6320 422911.0324 3864244.6320 1.0000 81.5152 0

422762.4620 3864260.8720 422914.9053 3864260.8720 1.0000 152.4433 0

422721.9152 3864277.1120 422918.7781 3864277.1120 1.0000 196.8629 0

422725.7461 3864293.3520 422922.6510 3864293.3520 1.0000 196.9048 0

422729.5771 3864309.5920 422926.5238 3864309.5920 1.0000 196.9467 0

422733.4080 3864325.8320 422930.3967 3864325.8320 1.0000 196.9887 0

422737.2389 3864342.0720 422934.2695 3864342.0720 1.0000 197.0306 0

422741.0699 3864358.3120 422938.1424 3864358.3120 1.0000 197.0725 0

422744.9008 3864374.5520 422942.0152 3864374.5520 1.0000 197.1144 0

422748.7317 3864390.7920 422905.5340 3864390.7920 1.0000 156.8023 0

422752.5627 3864407.0320 422835.4870 3864407.0320 1.0000 82.9244 0

422756.3936 3864423.2720 422765.4401 3864423.2720 1.0000 9.0465 0

Primary Sampling Objective
The primary purpose was to manually place transects on the site.

Selected Sampling Approach
The specified sampling approach was random parallel transect sampling.  If parameters change from those specified in the 
table above, then the probability of detecting the target area will be different from those computed by VSP and reported 
here.  

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 



are based on the number and length of the transects.  Based on the number of transects determined above, the estimated 
total cost of surveying this site is $4,172.24, which averages out to a per transect cost of $320.94.  Note:  these costs are 
for the geophysical survey only, and do not include any excavation or follow-up investigations.  The following table 
summarizes the inputs and resulting cost estimates.

COST INFORMATION
Cost Details Cost / Unit Units Total
Collection costs $1.00 / meter 1872.24 meters $1,872.24

Setup costs $100.00 / transect 13 transects $1,300.00

Fixed planning and validation costs $1,000.00

Total cost $4,172.24

This report was automatically produced* by Visual Sample Plan (VSP) software version 6.0.
Software and documentation available at http://vsp.pnl.gov 
Software copyright (c) 2011 Battelle Memorial Institute.  All rights reserved.
* - The report contents may have been modified or reformatted by end-user of software.
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1.0  Introduction 

 
The US Army Corps of Engineers, Engineering and Support Center, Huntsville  (USAESCH) 
has  initiated  a  remedial  investigation  and  feasibility  study  (RI/FS)  for  the  Former  Camp 
Croft  Site,  located  in  Spartanburg  County,  South  Carolina.    The  Former  Camp  Croft  is  a 
ormerly‐used  defense  site  (FUDS)  within  the  US  Army  Corps  of  Engineers  (USACE) f
Charleston District.  
 
Zapata Incorporated (ZAPATA) will prepare a RI Report in accordance with the guidelines 
specified  in  their  work  plan.    As  part  of  the  planning  process,  Black  &  Veatch  Special 
Projects Corp. (Black & Veatch) was tasked to prepare this Risk Assessment work plan that 
escribes the various steps that will be undertaken to characterize potential risks to human 

 
d
health and the environment. 
 
This  risk  assessment  work  plan  consists  of  two  parts:  Section  1  addresses  the  Human 
Health Risk Assessment (HHRA) and Section 2 addresses the ecological risk assessment.  
                     

1.1 Overview 

This  work  plan  was  developed  to  characterize  the  exposure  setting  and  receptor 
characteristics  associated  with  the  site.  This  work  plan  identifies  the  potential  exposure 
pathways  by  which  identified  populations  may  be  exposed.  Exposure  pathways  were 
identified based on considerations of the sources and locations of contaminants on the site, 
the  likely  environmental  fate  of  the  contaminants,  and  the  location  and  activities  of  the 
potentially  exposed  populations.  This work  plan  identifies  exposure  points  and  routes  of 
xposure  for  each  exposure  pathway,  as  well  as  assumptions  regarding  receptor 

g , o
e
characteristics and behavior (e.g., body wei ht  ingesti n rate, exposure frequency). 
 
In  preparation  of  this  work  plan,  Black  &  Veatch  reviewed  the  available  information 
obtained from Zapata pertaining to the site. Present and future‐use exposure pathways and 
receptors are tentatively identified. Exposure variables that will be used for the calculation 
of daily  intakes and carcinogenic and noncarcinogenic  toxicity values  for  contaminants of 
potential  concern  and  the  sources  of  these  values  are  presented  in  subsequent  sections. 
Note  that  it  is not anticipated  that a comprehensive HHRA will be required; however,  the 
ata  management  and  exposure  assumptions  that  will  be  used  are  included  should  a d
comprehensive HHRA be warranted based on the outcome of the field investigations. 
 
The  purpose  of  the  HHRA  is  to  evaluate  the  potential  risks  to  human  health  and  the 
environment due to releases of munitions constituents (MC) at the site.  The main objective 
of this HHRA will be to provide the information necessary to assist in the decision‐making 
process.  The specific objectives of the HHRA are to: 

 Identify and provide analysis of baseline risks (defined as risks that might exist if no 
 

remediation or  institutional  controls were applied at  the site) and help determine 
what action is needed.  

 a  h that 
r

1 
 

Provide  basis  for determining t e  levels of chemicals  can remain onsite and 
still not adversely impact public health and the envi onment.  

 Provide  a  basis  for  comparing  potential  health  and  environmental  impacts  of 
various remedial alternatives. 



 
The HHRA results will be used to document the magnitude of potential risk at the site and 
associated cause(s) of that risk.  Finally, the results of the HHRA will help determine what, if 
ny, remedial response actions may be necessary and assist in establishing the remediation a
goals that will be presented in the feasibility study. 
 
he work plan  is developed  in accordance with EPA and USACE guidance set  forth  in  the 
ollowin : 
T
f
 

g documents

 EPA,  1989.   Risk Assessment Guidance  (RAGS), Volume  I: Human Health Evaluation 
A),  Interim  Final,  Office  of  Emergency  and  Remedial  Response, 
C, EPA/540/1‐89/002, 1989. 

Manual  (Part 
Washington, D   

 EPA,  1991.    RAGS,  Volume  I:  Human  Health  Evaluation  Manual  Supplemental 
ard Default Exposure Factors, Interim Final, Office of Solid Wa tGuidance, Stand s e and 

Emergency Response (OSWER), OSWER Directive: 9285.6‐03, 1991. 
 EPA,  1992.    Guidance  for  Data  Usability  in  Risk  Assessment  (Part  A),  Final, 

PB92963356, Office  of  Emergency  and Remedial  Response, Washington, DC,  April 
1992.   

 andbook,  Office  of  Research  and  Development, EPA,  1997a.    Exposure  Factors  H
EPA/600/P‐95/002, August 1997.  

 EPA, 2000.   Supplement to RAGS: Region 4 Bulletins Human Health Risk Assessment 
5, Website version last Bulletins.   EPA Region 4, originally published November 199

 2000: 
.epa.gov/region4/waste l.htm 

updated May
http://www /oftecser/healtbu

  RAGS, Volume I: Human Health Evaluation Manual, Part E, Supplemental 
r Dermal Risk Assessment, Final, July 2004.  

EPA, 2004. 
Guidance fo

 EPA, 2009. RAGS, Volume I:  Human Health Evaluation Manual (Part F, Supplemental 
Guidance for Inhalation Risk Assessment), January 2009. 

 EPA,  2011a.  Regional  Screening  Levels  for  Chemical  Contaminants  at  Superfund 
Sites,http://www.epa.gov/reg3hwmd/risk/human/rb‐
concentration_table/index.htm, May. 

 nal Center for EPA, 2011b.  Integrated Risk Information System (IRIS), Online, Natio
Environmental Assessment, Cincinnati, Ohio, 2011.  

 USACE, 1999. Human Health Evaluation, Volume I, EM 200‐1‐4, 1999. 
 

1.2 Site Location, Description, History 

This information may be found in the main body of the RI/FS work plan. 
   

1.3 Demography and Land Use 

This information may be found in the main body of the RI/FS work plan. 
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1.4 Data Collection and Evaluation 

This  step  in  the  risk  assessment  process  involves  gathering  and  analyzing  the  site  data 
relevant  to  the human health  evaluation and  identifying  the  chemicals present  at  the  site 
that will be included in the risk assessment process (EPA, 1989).   



 
The presence of chemicals of potential concern (COPCs) for human health is unknown given 
that there are no existing chemical analytical data from previous investigations. Pending the 
results of the geophysical surveys and supplemental discrete sampling to determine the 
resence or absence of MC, a human health screening will be performed.  The HHRA will be 

h
p
prepared as an appendix to the RI report and summarized in t e main body of the RI report.  
 
Per  risk  assessment  guidance,  RAGS  Part  D  tables  will  list  all  chemicals  that  have  been 
analyzed for in at least one sampling location.  The RAGS tables will also contain statistical 
information about the chemicals detected in each medium, the detection limits of chemicals 
analyzed,  risk‐based  screening  values  for  COPC  selection,  and  rational  for  the  selected  or 
eletion of the chemical as COPCs.  The following screening criteria will be used to select or 
limina
d
e
 

te each chemical: 

 Surface soil concentrations will be compared to the EPA Regional Screening Levels 
(RSL) for residential soil (EPA, 2011a). 

 
The  maximum  concentration  for  each  constituent  will  be  compared  to  the  applicable 
screening criteria.   If a duplicate sample is collected, the average of a parent and duplicate 
sample will be used. If the constituent was detected in both samples, the detection will be 
used  if  only  one  of  the  samples  detected  the  constituent.    If  the  concentration  used  for 
screening  for  a  constituent  exceeds  the  conservative  risk‐based  screening  level,  then  the 
chemical is retained as a COPC and evaluated further in the risk assessment. 
 

1.5 Human Exposure Pathways 

Potential  human  exposure  pathways  for  the  site  were  defined  based  on  current  and 
potential  future  uses  of  the  site.  Each  potential  pathway was  then  evaluated  considering 
site‐specific  conditions  to determine  if  the pathway could be present at  the site. The area 
demography and land‐use characteristics were taken into consideration when the pathways 
were  developed.  If  a  pathway  potentially  could  be  complete  between  the  source  of 
contamination and a human receptor, it was retained for further evaluation. 

 

 
1.5.1 Identification of Exposure Pathways 

This  section  identifies  the most  significant  potential  pathways  through which  individuals 
may  be  exposed  to  the  contaminants  of  concern  at  the  site.  Both  current  and  potential 
uture land use of the site and surrounding area were considered during exposure pathway f
identification. 
 
s defined in the Risk Assessment Guidance for Superfund Part A (RAGS 1989), an exposure 
athwa
A
p y is composed of the following elements: 

 
 

 
A source and mechanism of chemical release to the environment 

 An environmental transport medium (e.g., groundwater) for the released chemical 
her and/or mechanism of transfer of the chemical from one medium to anot

 A point of potential contact by humans with the contaminated medium  
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 A route of exposure (i.e., ingestion, inhalation, or dermal contact) 
 
In this risk assessment, pathways will be identified for the No Action alternative, assuming 
no site remediation occurs. This assessment also assumes that no additional restrictions to 
ite access or use exist. The goal of this discussion is to establish whether it  is feasible for s
individuals to engage in activities resulting in exposure to site‐related contaminants.  
 
There are  three general  routes  through which  individuals could potentially be exposed  to 
chemical  contamination:  ingestion,  inhalation,  and dermal  contact.  The  following  sections 
describe the possible sources, receptors, and exposure pathways considering both current 
and  potential  future  land  use.  An  identified  pathway  does  not  imply  that  exposures  are 
actually occurring, only that the potential exists for the pathway to be complete. 
 
1.5.2  Characterization of Potentially Exposed Populations 

Table 1 in the RI/FS work plan defines potentially exposed populations by MRS unit. These 
include: residents, workers, and recreational users.  
 
1.5.2.1  Residents.  Residents  may  come  into  contact  with  contaminants  in  soil  through 
incidental  ingestion,  dermal  contact,  and  inhalation  of  fugitive  dust.  For  this  risk 
assessment, exposure to adults and young children (0 to 6 years) will be examined as the 
most  conservative  potential  exposure  pathways.    They  will  be  examined  using  default 
parameters recommended by EPA (1989, 1991, 1997a, 2004) described below. 
 
1.5.2.2 Site Workers. Workers may  come  into  contact with  contaminants  in  soil  through 
incidental  ingestion,  dermal  contact,  and  inhalation  of  fugitive  dust.  Workers  will  be 
examined using default parameters recommended by EPA (1989, 1991, 1997a, 2002, 2004) 
described below. 
 
1.5.2.3 Recreational Users. Recreational  users  could  be  exposed  to  contaminants  in  soil 
through  incidental  ingestion, dermal contact, and  inhalation of  fugitive dust.   Recreational 
users will be examined using the assumptions described below. 
 
1.5.3  Summary of Exposure Pathways 

he following exposure pathways were considered to be complete and will be evaluated as 
inants: 

T
part of the assessment of exposure to contam
 
     ▪     (Adults and Young Children [0‐6 yrs]) 
    Surface Soil 
      ‐ incidental ingestion 

    ‐ dermal contact 
alation of fugitive dust 

 
      ‐ inh
 
     ▪     Site Worker (Adults) 
    Surface Soil 
      ‐ incidental ingestion 

ntact 
 of fugitive dust 

4 
 

      ‐ dermal co
      ‐ inhalation
     ▪    Recreational users (Adults) 



    Surface Soil 
      ‐ incidental ingestion 
      ‐ dermal contact 
      ‐ inhalation of fugitive dust 
 
1.5.4 Exposure Units 

hree Munitions Response Sites (MRSs) will be evaluated. The three MRSs include the Gas T
Chamber (MRS 1), the Grenade Court (MRS 2), and the Land Range Complex (MRS 3).  
 
The Gas Chambers Area is an approximate 24‐acre area that was used to train soldiers on 
the  effects  of  gas  munitions;  CS  smoke  pots/grenades  are  believed  to  be  the  primary 
raining  item  used  at  this  site.  The  data  collected  from  within  MRS  1  will  be  evaluated t
collectively as a single exposure unit. 
 
The Grenade Court (MRS 2)  is north of  the primary firing  line, which existed  immediately 
south of and along Dairy Ridge Road. The grenade court is approximately 25‐acres in size. 
he  data  collected  from within MRS  2 will  be  evaluated  collectively  as  a  single  exposure T
unit. 
 
The Range Complex  (MRS 3)  is a 12,102‐acre area composed of 15 ranges and  two  lakes. 
MRS 3  is divided  into two areas. Sub‐area 1 represents all areas within former range fans 
where MK II grenades, 37mm, or 60mm mortars have been found. Sub‐area 2 represents all 
remaining  portions  of  MRS  3,  beyond  documented  range  fans,  where  only  sporadic  and 
small  quantities  of  munitions  have  been  found.  Sub‐areas  1  and  2  will  be  evaluated  as 
separate exposure units. 
 
1.5.5 Calculation of Exposure Point Concentrations  

Exposure point  concentrations  (EPCs) will be calculated  for each exposure unit. The 95% 
Upper Confidence Limit (UCL) will be used for data sets of 10 or more samples. These data 
will  be  used  to  assess  exposure  for  residents,  workers,  and  recreational  users.  The  UCL 
provides  a  conservative  estimate  of  the  mean  concentration,  such  that  randomly  drawn 
ubsets of site data will have means that are equal to or less than the UCL 95 percent of the 
ime. The 95%UCL will be calculated using EPA’s ProUCL software, Version 4.00.05. 
s
t
 
1.5.6 Quantification of Exposure  

he following basic equation will be used to calculate human intake of a COPC (EPA, 1989): T
 
  DI = C x HIF Eq. 1 
Where: 
 

DI = Daily Intake [milligram (mg) of chemical per kg of body weight per day]. 
C = Concentration of the chemical in mg/kg parts per million (ppm)]. 
HIF = Human Intake Factor (kg of medium per kg body weight per day). 

 
Each intake variable in the above equation has a range of values.  The intake variable values 
for a given pathway were selected so that the combination of intake variables results in an 
estimate of the RME that can be expected to occur (EPA, 1989).  This section describes the 
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method by which the exposure concentrations and the HIFs will be derived. An example of 
how a HIF is derived is listed below: 
 

IR x EF x ED x CF x FI HIF for a child resident ingesting soil = BW x AT Eq. 2 

 
Where: 
 

IR =  Ingestion Rate of Soil (mg/day) 200 
EF = Exposure Frequency days/year  350 
ED = Exposure Duration years 6 
CF = Conversion Factor kg/mg 1 x 10-6 
FI = Fraction Ingested unitless 1 
BW = Body Weight kg 15 
AT-N = Averaging Time (Non-Cancer)  days 2,190 

 
In this case, the HIF is 1.3E‐05 milligrams per kilogram per day (mg/kg‐day). 
 
1.5.7 Estimation of Chemical Intakes and Exposure Assumptions 

The amount of chemical that is taken into a person’s body following exposure is referred to 
as chemical  intake.    Intake  is expressed in units of milligrams of chemical per kilogram of 
body weight  per  day  (mg/kg‐day),  and  is  referred  to  as  chronic  daily  intake  (CDI).    CDI 
depends  on  the  concentration  of  chemicals  in  media  at  the  point  of  human  contact 
exposure  point  concentration),  and  exposure  assumptions  specific  to  the  receptor 

t
(
population, including frequency and duration of exposure, body weight, and contact ra e.  
 
The  current  and  future  residential  scenario  assumed  that  individuals  live  in  the  same 
esidence for 30 years.  In addition, it was assumed that residents take about two weeks of r
vacation per year, spending 350 days per year at home.  
 
As  a measure  of  conservatism  and  to  avoid  redundancy,  the most  sensitive  receptor was 
used  to  calculate  non‐cancer  hazards  and  excess  cancer  risk  levels.  In  the  case  of  non‐
carcinogens, a child resident  is  the most sensitive receptor, owing  to  its  lower body mass 
relative  to  the  amount of  chemical  intake.  For  carcinogens,  a  resident  from child  through 
adult  (lifetime)  is  the most sensitive receptor because  the excess cancer risk  for  the child 
(exposure  duration  of  six  years)  is  assumed  to  be  additive  to  that  of  an  adult  (exposure 
duration of 24 years). For this reason, no calculations of excess cancer risk will be included 
for child  residents and no calculations of non‐cancer hazards will be  included  for  lifetime 
residents. The following subsections present the assumptions that will be used to calculate 
hronic daily intakes (i.e., doses) of chemicals of COPCs for the remaining receptors through c
the applicable exposure routes. 
 
The worker scenario assumed that an individual works at the site for 25 years.  This value 
represents the 95th percentile for time spent working at one location (EPA, 1997a).  It was 
urther assumed that the site worker is at work five days per week for 50 weeks per year f
(250 days total) (EPA, 1997a). 
 
It was assumed that recreational users would visit the site over a span of 10 years.   
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1.5.6.1  Incidental Ingestion of Surface Soil. Incidental ingestion of surface soil can result 
rom placing soil‐covered hands or objects in the mouth. Surface soil ingestion is a potential f
route of exposure for residents, site workers, and recreational users. 
 
Residents will be assumed to be exposed to surface soil during outdoor activities, such as 
yard work or recreational activities.  An exposure period of 350 days per year was assumed 
(EPA, 1997a).  It has been estimated that children ages 1 to 6 incidentally ingest 200 mg of 
surface soil on a daily basis and that individuals over the age of 6 ingest 100 mg of surface 
oil  per  day  (EPA,  1997a).    A  lifetime  average  daily  dose  was  calculated  to  reflect  these s
varying ingestion rates. 
 
The surface soil ingestion rate that was assumed for site workers will be 100 mg/day (EPA, 
001).    It will be assumed that a site worker is exposed to COPCs in surface soil  five days 2
per week for 50 weeks per year (a total of 250 days per year) for 25 years. 
 
t will be assumed that a recreational user is exposed to COPCs in surface soil one day per 
eek for a period of 10 years at a rate o

I
w f 100 mg/day. 
 
1.5.6.2  Dermal Absorption from Soil. Dermal contact with soil could result in absorption 
of chemicals through the skin.  Dermal absorption of chemicals from soil is a potential 
xposure route for residents, site workers, and recreational users. The exposed skin areas 
hat we
e
t
 

re used to evaluate dermal contact with surface soil are outlined below: 

 Adult  resident  will  be  based  on  gardeners/grounds  keeper  activity  and  assumes 
face,  forearms,  hands,  and  lower  legs  (5,700  centimeters  squared  [cm2)])  are 
exposed. 

 r oChild  resident  will  be  based  on  child en  playing  in  wet  s il  and  assumes  face, 
forearms, hands, lower legs, and feet (2,800 cm2) are exposed (EPA, 2004).  

 A  lifetime  average  daily  dose  will  be  calculated  to  reflect  these  varying  dermal 
exposure rates. 

 Site worker will be based on the adult male utility worker activity and assumes face, 
forearms,  and  hands  (3,300  cm2)  are  exposed  (EPA,  2004).  It  is  expected  that  all 

e site and that there is minimal other body areas will be covered while working on th
contact with soil (EPA, 1997a).  

 Recreational user will be based on an adult resident. 
 
In  the absence of chemical‐specific absorption  factors, an absorption  factor of 0.1 percent 
will be used for inorganics. A soil adherence factor of 0.2 milligrams per centimeter squared 
(mg/cm2) will be used for all receptors. 
                 
1.5.6.3 Inhalation of Particulate Emissions from Soil. Inhalation of chemicals absorbed to 
respirable particles will be assessed using the EPA default particulate emission factor (PEF) 
equal  to  1.36E+09  cubic  meter  per  kilogram  (m3/kg).  The  PEF  relates  the  contaminant 
concentration in soil with the concentration of respirable particles in air due to fugitive dust 
emissions from contaminated soils. 
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1.6 Toxicity Assessment   

The  toxicity  assessment  determines  the  types  of  adverse  health  effects  associated  with 
chemical  exposures,  the  relationship between magnitude of  exposure and adverse effects, 
and  the  related uncertainties  involved.   Risk assessments  rely heavily on  existing  toxicity 
information developed for specific chemicals.  In accordance with EPA guidance (2003), the 
primary source (Tier 1) for this information will be the Integrated Risk Information System 
(IRIS)  database.  However,  additional  secondary  sources  will  also  be  used  including, 
Provisional  Peer‐Reviewed  Toxicity  Values  (PPRTVs)  (Tier  2  Values)  and  Other  Tier  3 
alues which includes Agency for Toxic Substances Disease, Registry (ATSDR), Minimal Risk v
Levels (MRLs), and Health Effects Assessment Summary Tables (HEAST) (EPA, 1997b). 
 
The  toxicity  component  in  a  risk  assessment  falls  into  two  categories,  those  related  to 
noncarcinogenic  hazards  and  those  related  to  carcinogenic  risks.    To  evaluate 
noncarcinogenic hazards,  the  intake of  a  chemical will be  compared  to  the  corresponding 
reference  dose  (RfD)  of  that  compound.    The  RfD  used  in  the  risk  assessment  is  a  best 
estimate  of  the  level  at  which  there  will  be  no  observed  adverse  effects  to  the  exposed 
population.   To evaluate  carcinogenic  risks,  the  intake of a  chemical will be  factored with 
the  slope  factor  (SF)  for  that  contaminant.    The  slope  factor  used  in  the  risk  assessment 
represents  the  95  percent  UCL  for  the  best  estimate  of  the  carcinogenic  potency  of  a 
compound, or  its ability  to cause cancer  in an exposed population.   For humans, both  the 
RfDs  and  slope  factors  are  usually  derived  from  animal  dose‐response  relationships  and 
sometimes human epidemiology studies (EPA, 1989). 
 

1.7  Risk Characterization   

The  risk  characterization  section of  the  risk  assessment will  summarize  and  combine  the 
exposure  and  toxicity  assessments  to  characterize  baseline  risks,  both  quantitatively  and 
qualitatively.    During  risk  characterization,  chemical‐specific  toxicity  information  will  be 
compared with  the  estimated exposure  levels  to determine whether  chemicals  at  the  site 
pose current or future risks that are of a magnitude to cause concern.  This subsection will 
include an uncertainty analysis  that  shows  that  the  calculated risks are  relative  in nature 
and do not present an absolute quantification.   
 
1.7.1 Methods for Non‐Carcinogenic Risk Estimation 

Should the data indicate that a comprehensive risk assessment is warranted, the potential 
for  non‐carcinogenic  health  effects  due  to  chemical  exposure  will  be  evaluated  by 
comparing intake (usually expressed in milligrams per kilogram per day [mg/kg/day]) with 
n RfD (also usually expressed in mg/kg/day).  This comparison, or unitless ratio, is called 
he hazard qu
a
t otient (HQ) and is expressed as the following equation: 

t
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Hazard Quo ient (HQ) = Chronic daily intake (CDI) / Chronic RfD 
 
The  hazard  quotient  for  ingestion  pathway  will  be  estimated  by  dividing  the  estimated 
intake by the oral RfDs developed from administered dose toxicity studies.  To estimate the 
hazard quotient for dermal absorption pathways, the estimated dermal absorbed dose will 
be  divided  by  the  adjusted  dermal  RfD.    The  adjusted  dermal  RfD  will  be  calculated  by 
multiplying  the  oral  RfD  by  the  oral‐to‐dermal  adjustment  factor.    The  oral‐to‐dermal 
adjustment  factor  will  be  obtained  from  the  Agency  for  Toxic  Substance  and  Disease 
Registry  (ATSDR)  toxicity  profile  for  the  chemical  or,  if  unavailable,  will  be  assumed  to 



equal 1. Inhalation hazard quotients will be calculated using the methodology in RAGS Part 
F. 
 
1.7.2 Methods for Carcinogenic Risk Estimation 

Should  the  data  indicate  that  a  comprehensive  risk  assessment  is warranted,  the  risk  for 
chemicals that are potential carcinogens will be estimated as the incremental probability of 
a  receptor  developing  cancer  over  a  lifetime  as  a  result  of  exposure  via  each  identified 
exposure  pathway.    The  slope  factor  converts  estimated  daily  intakes  to  the  incremental 
isk  of  a  receptor  developing  cancer.    The  following  equation  (i.e.,  the  linear  low‐dose 
ancer risk e
r
c
 

quation) will be used to compute chemical‐specific cancer risk: 

Risk = Chronic daily ose (mg/kg/day) x   intake or dermal absorbed d
slope factor (mg/kg/day)‐1 

 
ancer risks for lifetime exposure scenarios will be calculated by combining the estimated C
cancer risks for the adult and child. 
 
To estimate the risk for the ingestion pathway, the daily intake will be multiplied by the oral 
slope  factor  determined  from  administered  dose  toxicity  studies.    Dermal  risk  will  be 
calculated  by  multiplying  the  estimated  dermal  absorbed  dose  by  the  adjusted  dermal 
cancer slope factor.  The adjusted dermal cancer slope factor will be calculated by dividing 
the  oral  slope  factor  by  the  oral‐to‐dermal  adjustment  factor.    The  oral‐to‐dermal 
adjustment  factor will  be obtained  from  the ATSDR  toxicity  profile  for  the  chemical  or,  if 
navailable, will be assumed to equal 1. Inhalation cancer risk will be calculated using the 
ethodology in RAGS Part F. 

u
m
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2.0 Ecological Risk Assessment Methods 

 

2.1 Site Location, Description, History 

This information may be found in the main body of the RI/FS work plan. 
   

2.2 Demography and Land Use 

his information may be found in the main body of the RI/FS work plan. T
 
2.3 Habitats and Biota 

The  site  landscape  is  consistent  with  the  Piedmont  physiographic  province,  with  rolling 
hills,  many  tributary  channels,  and  iron‐rich  clay  overburden  soils.  The  FUDS  property 
occupies  approximately  19,044  acres,  the majority  of  which  includes  Croft  State  Natural 
Area.   Much of  the  land  surface  is wooded. The highest  elevation  is  approximately 800  ft 
bove mean sea level. Topography varies only by several hundred feet. There are two man‐

i
a
made lakes within Croft State Natural Area: Lake Johnson and Lake Cra g. 
 
Croft  State  Natural  Area  occupies  7,054  acres  of  the  19,044‐acre  FUDS  property.  The 
diverse park covers nearly 12 miles of rolling, wooded terrain that also provides habitat for 
a  wide  variety  of  flora  and  fauna.    Terrestrial  habitats  at  the  site  include  open  fields, 
shrub/scrub,  as well  as  both  upland  and  lowland  forests.    In  the  northern  portion  of  the 
FUDS  boundary,  there  are  numerous  small  wetlands  and  riparian  areas  identified;  those 
types  include  Freshwater  Emergent,  Freshwater  Forested/Shrub,  Freshwater  Pond, 
Riparian  Forested/Shrub.  Those  areas  range  in  size  from  a  4.79‐acre  Freshwater 
Forested/Shrub  located  south  of AoPI  3  to  a  0.10‐acre  Freshwater Pond  located north  of 
AoPI  11D,  near  the  FUDS  boundary.  The  southern  portion  of  the  FUDS  boundary  is 
dominated  by  numerous  larger wetlands,  primarily  the  Freshwater  Forested/Shrub  type, 
long  Fairforest  Creek.  The  largest wetland  in  the  southern  portion  of  the  FUDS  is  82.85 a
acres and is located southwest of Lake Craig. 
 
Flora species include a diverse variety of grasses, shrubs and trees.  Wildlife species in the 
area include soil and aquatic invertebrates, fish, amphibians, reptiles, small mammals, and 
irds.   The  site  is widely used  for hunting  and game  species  such as  turkey and deer  are b
common.   
 
The  following  sections  provide  the methods  to  be  used  in  conducting  the  ecological  risk 
valuation  for  the  Camp  Croft  site.    The  ecological  risk  assessment  is  a  qualitative  and 

 on wildlife species.   
e
quantitative appraisal of the actual or potential impacts of contaminants

e bas cological risk evaluation are listed below: 
 
Th ic components of the e
 
•  Problem Formulation 

osure 
logical Effects 

•  Characterization of Exp
  Characterization of Eco
  Risk Characterization. 
•
•
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2.4 Problem Formulation 

Problem  formulation  is  the  first  step  of  the  ecological  risk  assessment  process,  and 
establishes  the  goals,  breadth,  and  focus  of  the  assessment  (EPA  1992a).    It  provides  an 
evaluation of the data (including an assessment of data usability), contaminants of potential 
concern, habitats, receptors, exposure pathways, ecotoxicity, and determines endpoints (if 
any) for further study.  The product of the problem formulation is a site conceptual model, 
which  identifies  the  potential  chemical  transport  pathways,  receptors,  and  the  areas  of 
primary  concern  to  be  addressed  in  the  ecological  risk  assessment.    Following  are 
escriptions of  the assessment components  that will be addressed as part of  the problem 
ormulation. 
d
f
 
2.4.1 Data Evaluation and Reduction 

The  objectives  of  the  data  evaluation  and  reduction  process  will  be  to  review  and 
summarize  the  analytical  data  for  each  medium  sampled  that  is  of  ecological  concern 
ssociated with the areas investigated at the Camp Croft site, as well as to select chemicals a
of potential ecological concern (COPECs). 
 
Data  that  will  be  used  in  the  ecological  risk  evaluation  include  analytical  results  from 
environmental  samples  collected  from  the  Camp  Croft  site  during  the  remedial 
nvestigation. The COPECs will be selected based on an analysis of the analytical data using 
he follo
i
t
 

wing screening criteria: 

 A  chemical will  be  excluded  as  a  COPEC  for  a medium  if  it  is  not  detected  in  any 
sample from that medium. 

 
 A  chemical  will  be  excluded  as  a  COPEC  for  a  medium  if  the  range  of  detected 

concentrations does not exceed the ecological screening levels to be developed for 
the medium, and it was not selected as a COPEC for any other medium. 

 
The presence of COPCs for ecological receptors is unknown given that there are no existing 
chemical  analytical  data  from  previous  investigations.  A  screening  level  ecological  risk 
assessment (SLERA) will be developed based on the existing data and all subsequent data 
collected  from  the  various  MRS  to  determine  the  presence/absence  of  MC.  Once  any 
contamination  is  determined  to  be  present,  maximum  detected  concentrations  will  be 
ompared to ecological screening values.  Ecological risk‐based soil screening values will be 

 presented below.  
c
selected based on the hierarchy
 
Per EPA’s  guidance document, Ecological Risk Assessment Guidance  for Superfund: Process 
for  Designing  and  Conducting  Ecological  Risk  Assessments    Interim  Final,  the  maximum 
etected concentration of analytes  in soils will be compared to  the most conservative soil 
creenin
d
s
 

g values for the screening‐level ecological risk assessment (SLERA).  

 EPA Ecological Soil Screening Levels (EcoSSL, EPA 2011) will be used preferentially 
over  other  sources  of  screening  values.  EPA  has  derived  soil  screening  levels  for 
many  metals  for  various  ecological  trophic  levels.  The  most  conservative  value 
available will  be  selected  from  the  EcoSSLs  to  be  protective  of  the most  sensitive 
trophic level.  
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 If EPA EcoSSLs are not available,  screening  levels obtained  from alternate sources 
will  be  used.  Alternate  screening  levels  will  be  selected  from  the  following 
documents:  

o Preliminary Remediation Goals  for  Ecological  Endpoints  (Efroymson  et  al., 
 

1997c)  

o Toxicological Benchmarks for Contaminants of Potential Concern for Effects 
on  Soil  and Litter  Invertebrates  and Heterotrophic Process:  1997 Revision 

 

(Efroymson et al., 1997a)  

o Toxicological Benchmarks for Contaminants of Potential Concern for Effects 
on  Terrestrial  Plants:  1997  Revision  (Efroymson  et  al,  1997b),  which 

 

includes benchmarks for wildlife, soil invertebrates and plants.  

o EPA  Region  IV  Ecological  Screening  Levels  (ESL)  These  can  be  found  at 
 

http://www.epa.gov/region4/waste/ots/epatab4.pdf. 

o EPA Region V Resource Conservation and Recovery Act Ecological Screening 
 

Levels (ESL) (EPA 2003)  

o Los Alamos National  Laboratory  (LANL)  Ecological  Screening  Levels  (ESL) 
for  Soil  (LANL 2005). This may be  the only  source of  screening  values  for 
many of the high explosives‐associated organics that may have been used at 

t

 

the Former Camp Crof  site.  

 If  multiple  screening  levels  for  a  constituent  are  available  from  the  alternate 
sources,  the  lowest  (most  conservative)  screening  level  will  be  selected  for 

 

comparison to site data.  
 
A  review  of  existing  information  as  to  the  potential  for  sensitive  habitats  in  the  affected 
areas will  be  included.  It  is  assumed  that  the  ERA  process  will  not  continue  beyond  the 
SLERA. The principal guidance documents that will be used in conducting the ecological risk 
assessment include, but are not limited to: EM 200‐1‐4, Volume II Environmental Evaluation 
(USACE, 2010), Ecological Risk Assessment Guidance for Superfund: Process for Designing 
nd  Conducting  Ecological  Risk  Assessments  (EPA,  1997),  and  SC  DHEC  guidance.  If 
ecommended by the PDT, a baseline risk assessment will be conducted. 
a
r
 
2.4.2 Characterization of Habitats 
Characterization  of  habitats  is  another  component  of  the  problem  formulation  and  is 
resented in this work plan (see Section 2.3 above) to provide some ecological background 
n the site. 
p
o
 
2.4.3  Identification of Ecological Receptors 
A wide  variety  of  terrestrial  and  semi‐aquatic wildlife  species  are  known  or  expected  to 
occur  in  the  Camp  Croft  area.   Mammal  species  likely  to  live  in  the  area  include  the  fox, 
raccoon, skunk, cottontail rabbit, and whitetail deer.  Several state‐listed species of concern 
may  be  present  in  the  vicinity  of  Camp  Croft  (see  Table  22  of  the  RI/FS  Work  Plan).  
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Numerous other species of birds, reptiles and amphibians are known or expected to exist in 
the area. 
 
The receptors of concern will include aquatic and semi‐aquatic organisms that either live in 
the  ponds,  lakes  or  creeks,  or  use  these  water  bodies  for  habitat  or  food.    Terrestrial 
organisms  are  also  receptors  of  concern  because  they  may  potential  come  into  direct 
contact with contaminants in soil or may be indirectly exposed through food‐chain uptake.  
or  this  assessment,  ecological  receptors  may  also  include  aquatic  animals  (non‐specific 
ish, amphibian larvae, and aquatic invertebrates) if contaminants migrate to water bodies. 
F
f
 
2.4.4 Identification of Exposure Pathways 
A  complete  exposure  pathway  requires  (1)  a  source  of  the  chemical  and  mechanism  of 
release  of  the  chemical,  (2)  a  transport  or  retention medium,  (3)  a  point  of  exposure  or 
contact with the chemical, and (4) an exposure route (e.g., ingestion, dermal contact) to the 
receptor.   An exposure pathway  is  considered  to be potentially  complete  if  the ecological 
receptor  can  have  contact  with  COPECs  in  a medium.    Terrestrial  organisms  have  direct 
contact with soil. Aquatic organisms have direct contact with surface water and sediment.  
The exposure pathways for terrestrial and semi‐aquatic wildlife species include ingestion of 
surface  water,  ingestion  of  sediments,  and  ingestion  of  COPECs  in  food  (plants,  soil 
invertebrates, small mammals,  fish, and aquatic  invertebrates).    Ingestion  is considered to 
be  the major  exposure  route  for  all  of  the wildlife  species.    Although dermal  contact  and 
nhalation of COPECs are possible,  these exposure routes are considered minor relative to 
ngestion. 
i
i
 
2.4.5 Selection of Assessment and Measurement Endpoints 
Assessment endpoints for this ecological evaluation will be any adverse effects on ecological 
receptors,  where  receptors  are  plant  and  animal  populations  and  communities,  habitats, 
and sensitive environments.  Adverse effects on populations can be inferred from measures 
related  to  impaired  reproduction,  growth,  and  survival.    Adverse  effects  on  communities 
can  be  inferred  from  changes  in  community  structure  and  function.    Adverse  effects  on 
abitats  can  be  inferred  from  changes  in  composition  and  characteristics  that  reduce  a 

ommunities. 
h
habitat’s ability to support plant and animal populations and c

xampl
 
E
 

e Assessment and Measurement Endpoints: 

 Assessment Endpoint 1:  Protection of populations of terrestrial plants. 
 enchmarks Measurement Endpoint 1: Comparison of soil concentrations with soil b

 
for the protection of plants. 
Assessment Endpoint 2:  Protection of populations of soil invertebrates. 

 hmarks Measurement Endpoint 2: Comparison of soil concentrations with soil benc

 
for the protection of soil invertebrates. 
Assessment Endpoint 3:  Protection of populations of terrestrial herbivores. 

 Measurement Endpoint 3:  Comparison of estimated exposure dose for a terrestrial 
oxicity herbivore  (mammal  and  bird)  due  to  ingestion  of  soil  and  food,  with  a  t
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reference value. 
Assessment Endpoint 4:  Protection of populations of terrestrial insectivores. 

 Measurement Endpoint 4:  Comparison of estimated exposure dose for a terrestrial 
insectivore  (mammal  and  bird)  due  to  ingestion  of  soil  and  food,  with  a  toxicity 
reference value. 



 Assessment Endpoint 5: Protection of populations of terrestrial carnivores. 
 Measurement Endpoint 5:  Comparison of estimated exposure dose for a terrestrial 

carnivore  (mammal  and  bird)  due  to  ingestion  of  soil  and  food,  with  a  toxicity 
reference value. 

 
2.5 Characterization of Exposure 

For  this  ecological  evaluation,  the  EPCs  will  be  the  maximum  and  mean  concentrations 
detected  in  the medium.   Exposures  to COPECs will be quantified  for each of  the selected 
receptor species.  The equations to estimate exposure doses are specific for the animals that 
re selected to be representative of each assessment endpoint (e.g. herbivores, insectivores 
r carnivores).   
a
o
 
2.6 Characterization of Ecological Effects 

In  the  ecological  effects  characterization,  information  on  the  toxicity  of  the  COPECs  to 
ecological receptors will be presented.  Toxicity information will be used to develop toxicity 
reference values (TRVs) for selected indicator species or communities.   TRVs represent no 
observed  adverse  effect  levels  (NOAELs)  and  lowest  observed  adverse  effect  levels 
(LOAELs)  as  media  concentrations  or  doses.    For  some  chemicals,  the  TRVs  are  true 
OAELs,  and  for  other  chemicals,  TRVs are developed  as NOAELs using available  toxicity 
nformation and extrapolation factors. 
N
i
 
2.7 Ecological Risk Characteriz tion 

The  ecological  risk  characterization  will  integrate  information  from  the  problem 
formulation and the exposure and ecological effects characterization to estimate the nature 
and extent of ecological risk or threat.  The ecological risk characterization will be based on 
a  weight‐of‐evidence  approach,  where  multiple  lines  of  evidence  will  be  presented  and 
evaluated.   The potential risk posed to ecological receptors will be assessed by comparing 
stimated  daily  doses  or  media‐specific  concentrations  with  TRVs.    This  comparison, 

uo ient (HQ), will be made for each chemical and is expressed as: 

a

e
described as a hazard q t

ed / Benchmarkmed 
 
HQ = Cm
 
Where: 

Cmed = Concentration of a chemical  in soil (for terrestrial organisms) surface water 
for  aquatic  life)  or  sediment  (for  sediment‐dwelling  organisms  or  benthic (
invertebrates)  
 
Benchmarkmed  =  Toxicity  benchmark  for  soil  (for  terrestrial  organisms)  surface 
water  (for  aquatic  life)  or  sediment  (for  sediment‐dwelling  organisms  or  benthic 
invertebrates) 

or: 

se / TRVing 
 
HQ = Do
 
Where: 
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Dose  =  Estimated daily dose for the representative receptor species for a chemical 
through  a  specific  exposure  route  (i.e.,  soil,  surface  water,  sediment,  or  food 
ingestion) (mg/kg/day) 



     
TRVing  =  Toxicity  Reference  Value  for  the  representative  receptor  species  for  the 
same chemical through the ingestion route (mg/kg/day) 

 
If the calculated hazard quotient exceeds unity (i.e., >1), then it simply indicates the species 
of  concern may be  at  risk  to  an  adverse  effect  from  that  chemical  through  that  exposure 
route.   Because TRVs  incorporate  a number of  extrapolation  factors,  if  a TRV  is  exceeded 
(i.e.,  the  hazard  quotient  exceeds  unity),  it  does  not  necessarily  indicate  that  an  adverse 
effect will  occur.    Since  different  chemicals  affect  different  target  organs  through  various 
mechanisms, hazard quotients for different chemicals may not always be additive.   Hazard 
ndices will  only  be  added  across  chemicals  for  those  chemicals with  similar  toxic  effect 
echanisms. 

i
m
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