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Four walls of identical thickness should surround the munition. The minimum wall
thickness should be the thickness determined using the procedure in Section 3.1
above. The sandbag walls should be stacked to maintain a clear standoff distance of 6
inches between the shell and the inside face of each wall. The interior face of each
wall should be vertical but the exterior face can be built with a 1:6 slope (2" horizontal
to 12" vertical). If a sloped outer face is used, the thickness of the wall, at the nominal
“top" of the wall, 6 inches above the top of the munition, must be no less than the
specified required thickness

The sandbags should be placed tightly against each other. All vertical joints should be
staggered, so there is no clear line of sight from the munition to the exterior. As the
wall is built, each new layer of sandbags should run in opposite direction to the layer
below, so that the layers are interlocked (see Figure 8).

At a minimum, a double layer of sandbags shall be used. For example, whena 12"
thickness is required, the sandbags should be ariented so that two sandbags are
necessary to achieve this thickness (see Figure 7).

After the walls are constructed to a height of 6" above the upper surface of the
munition, the shaped charge or other initiator should be placed on the shell. Ideally,
the use of shaped charges, such as cil well perforators, is recommended. These add
very little to the total charge weight for each detonation, given the highly directional
nature of the effects of the shaped charge. Also, the use of shaped charges for
initiation parallels test procedures. The shaped charge should be located either on top
of the munition or on its side. Ifit is located on the side of the round, the charge should
be tilted downward sufficiently to ensure that the shaped charge jet penetrates the
round and is directed into the ground, rather than into the opposite sandbag wall.
Generally, a small mound of sand next to the round can be used to establish this
orientation.

A sheet of 3/4-inch thick Douglas Fir (or equivalent) plywood should be cut to the
dimensions of the cavity between the walls, plus 12 inches in each direction. The
plywood sheet is then centered on the walls so that it bears on 6" of each wall. The
additional sandbags that make up the roof of the enclosure are then placed on top. As
with the side walls, the roof sandbags should be stacked with staggered horizontal
joints and alternating directions in each layer. The exterior sides of the roof may also
be vertical or have a 1:6 slope. The thickness of the sandbag roof, above the plywood
panel, must be the same as the required wall thickness.

After the sandbag layers of the roof have been placed to the correct height, the
enclosure is complete and the munition may be detonated.
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Table 7 - Required Wall and Roof Thicknesses for Sandbag Enclosures, with Expected
Sandbag Throw Distances and Pressures, for Tested and Non-Tested Munitions

Required | Expected
Wall and |Maximum
We, | Ve, Initial | Kinetic Roof |Sandbag| With-
Charge | Maximum | Fragment| Energy, | Sandbag | Throw | drawal
Weight | Fragment | Velocity, | 10° lb- |Thickness,| Distance, | Distance,
Munition (lb) |Weight, Ib| f/s ft¥/s? in ft ft

155mm M107* | 1548 | 0.467 4667 5.086 36 220 220
4. 7-in Mark | 6.07 0.591 3566 3.761 38 220 220
105mm M1* 5.08 D155 4870 1.840 24 135 200
4.2-in M329A2° | 8165 | 0.079 6391 1.607 24 125 200
4-in Stokes 7.92 0.078 6336 1.570 24 125 200
75mm M48 1.47 0.153 3471 0.922 24 125 200
3-in Stokes 2.1 0.044 6189 0.835 24 125 200
o NEL2 48 0.050 5569 0777 24 125 200
|Rocket
81mm M374* 2.1 0.031 6721 0.696 20 125 200
37mm MK I 053 0.030 5758 0.490 20 125 200
|60mm M49A3* 0.42 0.024 5114 0.310 12 25 200
iFMU S54A/B 0.357 0.006 9031 0.263 12 25 200
40mm MK2

ek 0187 | 0033 | 3605 | 0215 | 12 25 200
IMod O
iM’r‘: Il Grenade | 0.125 0.014 3425 0.083 12 29 200
25mm M792 0.096 | 0.005 5736 0.081 12 25 200
IME7 Grenade |0.40625| 0.001 7006 0.029 12 25 200
20mm MS6A4 | 0.0264 |D.0000011| 4941 0.004 12 25 200

* = tested munitions

3.3

Withdrawal Zone

A withdrawal zone is necessary for any detonation. This withdrawal zone applies to
everyone, both public and operational personnel. The withdrawal zone is the maximum
of the sandbag throw distance, the distance to a sound level of 140 db, or 200 ft. For
all munitions tested, the sound level at 100 ft was substantially less than 140 db. At

200 ft. the sound level will be even lower. The withdrawal zones are also listed in

Table 7.
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4.0 Summary and Conclusions

A test program has been performed to determine the effects of sandbag enclosures for
mitigating fragments and blast effects due to an intentional detonation of a munition. A

total of eighteen tests on five different munitions were performed. A summary of the
test procedures and results are presented in this document.

The results of these tests have been used to develop guidelines for the use of sandbag
enclosures to mitigate the fragments and blast effects due to an intentional detonation
of a munition. Methods for determining the required sandbag thickness and the
resulting sandbag throw distance are detailed in Section 3.0. Figures4, 5 6and 7
show the resulting sandbag enclosures.

5.0 References

1. TMS3-1300, “Structures to Resist the Effects of Accidental Explosions”, Departments
of the Army, the Navy, and the Air Force, November 1980.

2. HNC-ED-CS5-5-88-1, "Methods for Predicting Primary Fragmentation Characteristics
of Cased Explosives”, M. Crull, U.S. Army Engineering and Support Center,
Huntsville, January 1998,

3. "Evaluation of Sandbags for Fragment and Blast Mitigation”, D. Stevens, Southwest
Research Institute, San Antonic, TX, January 1998,

4. "User's Guide for Microcomputer Programs CONWEP and FUNPRO Applications of
TM 5-855-1. “Fundamentals of Protective Design For Conventional Weapons"",

Revision 2, D. Hyde, US Army Corps of Engineers Waterways Experiment Station,
February 1989,
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Figure 1 — Site Layout for Tests of Sandbag Enclosures
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Figure 5 — Sandbag Enclosure for an &1 mm M374A2 mortar.
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Figure 7 - Configuration for 12" Wall Enclosures
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APPENDIX O
EXPLOSIVE SITING PLAN (ESP)
AND
EXPLOSIVE SAFETY SUBMISSION (ESS)

(Note: The ESP and ESS undergo a separate and parallel review process concurrent with
ZAPATA’s activities under this task order. Those documents, when completed, will be stand-
alone documents and will be attached to ZAPATA’s Final Work Plans. The versions of the ESP
and ESS provided herein are for informational purposes only. ZAPATA will not be authorized
to being fieldwork until the ESP and ESS are finalized and accepted by the government.)
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1. Site:

a. Name: Former Camp Croft

b. State: Spartanburg, SC

c. This remedial investigation (RI) is being performed under the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as
amended by the Superfund Amendments and Reauthorization Act of 1986
(SARA), and is part of the overall Remedial Action Process. Subsequent removal
responses may be dictated in the future during the remainder of the remedial
response process, as determined by action memoranda or other decision
documents. Based on the results of this characterization and subsequent
decision document, an Explosives Safety Submission (ESS) will be submitted in
accordance with DoD 6055.09-M.

2. Anticipated Dates:
a. Start: 15 August 2011

3. Purpose:

a. Munitions Response Site (MRS) remedial investigation and characterization to
collect the information needed to design the required munitions response and to
prepare, as appropriate, an ESS for the selected response.

b. Clarifies that qualified UXO personnel will perform all MEC activities at the site.

4. Site Background and Current Conditions:

a. Former Camp Croft Infantry Replacement Center (IRTC), located less than 10
miles southeast of the city of Spartanburg in Spartanburg County, South
Carolina, operated during World War Il to train soldiers in the use of weapons
including cannons, mortars, anti-tank and anti-aircraft rockets, machine guns,
hand grenades, and small arms. Following closure of the 19,000-acre facility, the
government transferred approximately 7,000 acres to the South Carolina
Commission of Forestry for the creation of the current Croft State Park. The
remaining property was sold by the War Assets Administration to the public for
residential, business, and agricultural use. Although the government had
previously taken steps to clear former Camp Croft Army Training Facility of
ordnance waste and potentially explosive ordnance items, some ordnance
contamination remained.

b. The Remedial Action will be performed within three munitions response sites
(MRSSs), 10 Areas of Potential Interest (AoPl), and one site that is within the
Formerly Used Defense Site (FUDS), but outside of the MRSs. The 10 AoPlIs
correspond to areas previously referred to as Ordnance Operable Units (OOUS).



The discussion on each area is outlined below, and the areas are shown on
Figure 1-1. The Munitions with the Greatest Fragmentation Distances (MGFDs)
are listed in Table 7-1.

1. MRS 1 - Gas Chambers: The Gas Chambers MRS was used to train
soldiers on the effects of gas munitions. CS smoke pots/grenades are
believed to be the primary training item used at this site. Based on historical
information, it is not believed that Chemical Agent Identification Sets (CAIS)
or Chemical Warfare Materiel (CWM) was used at this MRS. Q-D Arcs for the
K40 and K328 distances (non-fragmenting round) are depicted on Figure 4-1.

2. MRS 2 — Grenade Court: This Range is the location of a former WWII era
grenade court. Itis assumed that this range was a live grenade court and
utilized Mk Il fragmentation grenades and M21 Practice Hand Grenades. Q-D
Arcs are depicted on Figure 4-2.

3. MRS 3 - Range Complex 1 This Range Complex contained WWII era
ranges 1-11 and 15. Within this MRS there was a mortar range, anti-tank
range, and several small arms ranges. A large portion of the complex is now
a state park while the remainder is privately owned. Munitions listed in the
2004 ASR Supplement that were used on this range included small arms,
2.36-inch M6A1/M6A3 Rockets, M9A1 Anti-tank Rifle Grenades, 60mm M49
HE Mortars, 81mm M43/M56 HE Mortars, 60mm/80mm Illumination and
Smoke Mortars, and various practice rockets and mortars. AoPI 6 was
extracted from this MRS for Q-D purposes due to the larger MEC findings
within AoP1 6 during previous investigations. Q-D Arcs are depicted on
Figure 4-3.

4. AoPIl 3 — This Area was investigated during the Engineering Evaluation/Cost
Analysis (EE/CA) Investigation, Phases | and Il. It comprises an entire
subdivision, and was formerly used as a practice grenade range. During a
Removal Action conducted in March, 1997, seven MK Il fragmentation hand
grenades were recovered. 2.36-inch rocket fragments were also found, which
may have been overshoot from another firing range. Q-D Arcs are depicted
on Figure 4-4.

5. AoPI 5 - During the EE/CA investigation in 1996, a rifle grenade was
discovered. There is no other supporting information for this AoPI. There is
no model number available for the rifle grenade. Q-D Arcs are depicted on
Figure 4-5.

6. AoPI 6 — This AoPlI is a portion of MRS 3. However, within this AoPlI, a
155mm burster tube, 205mm HE projectiles and 105mm smoke canisters,
81mm illumination mortars, and 60mm mortars were discovered during
previous investigations and removals within the AoPIl 6. Q-D Arcs are



depicted on Figure 4-6.

7. AoPI 9G — Small arms ammunition has been discovered in this AoPI since
Site Closure. Anecdotal evidence of grenades has been provided by the
public. There is no information for the model of grenade that was found. Q-D
Arcs are depicted on Figure 4-7.

8. AO0PI 10A — This area lies entirely within Croft State Park. EE/CA Sampling
indicated that the entire AoPI 10 contained significant amounts of Munitions
Debris (MD) associated with high order detonations. Items included rifle
grenade debris, land mine debris, empty 60mm Mortar Illumination Candle,
an empty grenade, and a single intact inert 2.36-inch practice round was
discovered. No HE 2.36-inch rockets, grenades or 60mm mortars were
discovered, and are not expected to be encountered. Q-D Arcs are depicted
on Figure 4-8.

9. AoPI 10B — EE/CA Sampling indicated that the entire AoPI 10 contained
significant amounts of MD associated with high order detonations. It was
formerly used as an area for training maneuvers. MD from hand grenades
and 60mm Mortars was discovered within this AoPl. Q-D Arcs are depicted
on Figure 4-9.

10.A0PI 11B — This AoPlI is located in an area that was used for training
maneuver areas, and is currently an open field used for grazing. MD from
hand grenades, a 60mm M83 illumination round and small arms have been
found in this AoPI. Q-D Arcs are depicted on Figure 4-10.

11.A0PI 11C — This AoPlI is located in an area that was used for training
maneuver areas, and is currently a privately owned mostly wooded property.
Suspected MEC include hand grenades, rifle grenades, rockets, mortars and
small arms. M9 Rifle Grenade fragments and MKII Hand Grenades have
been found in this MRS. Q-D Arcs are depicted on Figure 4-11.

12.AoPI 11D — This AoPl is located in an area that is a suspected former
grenade range, and is currently a golf course. The Sherriff's office responded
to findings of a MkIl practice grenades and 60mm/81mm practice mortars
within this AoPl. No other MEC items have been found. Q-D Arcs for the
K40 and K328 distances (non-fragmenting round) are depicted on Figure 4-
12.

5. Executing Agencies:
a. US Army Corps of Engineers, Huntsville Center
b. US Army Corps of Engineers, Savannah District
c. Contractor, Zapata Engineering



6. Scope of Investigative/Characterization Action:
a. A surface and subsurface (to depth of detection) investigative action is required
to fully characterize the site to determine the extent and boundaries of
contamination, and identify possible future remedial actions.
b. The selected technique for conducting the investigation for contaminants is a
surface sweep and intrusive investigation of potential MEC and debris to depth of

detection.

c. The investigative action will identify possible future remedial action areas for this
site. Munitions Constituents (MC) soil borings will be performed using anomaly

avoidance.

d. No Mechanized MEC Activities will be performed during this RI/FS.

e. Table 6-1 identifies the different Areas to be investigated within this project

location.
Table 6-1
Area Type of Investigation Total acreage of Acreage to be
Site Investigated

MRS 1 - Gas Chambers Surface and Subsurface 23.8 1.28
Remedial Investigation

MRS 2 - Grenade Court Surface and Subsurface 24.9 0.74
Remedial Investigation

MRS 3 - Range Complex (Land) Surface and Subsurface 12,102.4 85.5

(Including AoP! 6) Remedial Investigation

AoPI 3 Surface and Subsurface 11 0.80
Remedial Investigation

AoPI 5 Surface and Subsurface 55 0.17
Remedial Investigation

AoPI 9G Surface and Subsurface 6.6 1.89
Remedial Investigation

AoPI 10A Surface and Subsurface 1715 4.86
Remedial Investigation

AoPl 10B Surface and Subsurface 33.6 0.29
Remedial Investigation

AoPl 11B Surface and Subsurface 34.7 0.99
Remedial Investigation

AoPI 11C Surface and Subsurface 23.0 5.17
Remedial Investigation

AoPI 11D Surface and Subsurface 15.1
Remedial Investigation

7. Safety Criteria:

a. The munitions with the greatest fragmentation distance (MGFD) at the site are
identified in Table 7-1. The MGFDs were chosen for each MRS/Ao0PI in relation

to all available historical information of MEC found during previous investigations
or removals. During the course of this investigation, if a MEC item with a greater
fragmentation distance is encountered, the MSD will be adjusted in accordance



with DDESB Technical Paper 16, operations will continue, and an amendment to

this ESP submitted expeditiously for approval.

Table 7-1

Minimum Separation Distances (MSD)

MSD (ft)*

For Unintentional Detonations

For Intentional Detonations

To
Sides
Team Hazardous and Using
Separation | Fragment Rear Without Using Double
Distance Distance using Engineering | Sandbag Sandbag Using Water
Area MEC (K40) (HFD) MOFB ? Controls Mitigation® | Mitigation® | Mitigation ®
MRS 1 -
Gas 40mm M651 CS 8 8 (K40) N/A 663 (K328) N/A N/A N/A
Grenade
Chambers
MRS 2 -
Grenade Mk Il Hand Grenade 20 62 20 521 200 12.5 200/200 ®
Court
MRS 3 - 81mm M43 43 209 74 1579 200 125 200*
Range
Complex 1
(excluding 81mm M56 65 240 N/A 1196 200 N/A 200"
AoPI 6)
AoPI 3 2.36 inch M6A3 Rocket 37 142 37 790 200 12.5 264/200
AoPIS MO9AL1 Rifle Grenade 28 113 28 709 200 125 200/200 ®
0
M31 Rifle Grenade 36 92 74 500 200 125 264/200
155 M101 98 389 N/A 2894 N/A N/A N/A
AoPI 6 155 M107 (Comp B) 105 450 N/A 2630 220 N/A 275
155 M795 123 443 N/A 2739 N/A N/A N/A
AoPI 9G M26A2 Grenade 30 288 30 312 200 125 200/200 ®
0
M46 Grenade 18 90 18 721 200 125 200/200 ®
M26A2 Grenade 30 288 30 312 200 125 200/200 ®
AoPI 10A M15 AT Mine 119 221 N/A 1027 N/A N/A N/A
M3 AP Mine 39 180 74 1818 200 125 200
M26A2 Grenade 30 288 30 312 200 12.5 200/200 ®
AoPI 10B 60mm M49A5 39 184 74 1070 200 125 264/200 ®
60mm M49A2 28 152 28 1322 200 125 264/200 ®
M26A2 Grenade 30 288 30 312 200 12.5 200/200 ®
AoPI 11B 5
M46 Grenade 18 90 18 721 200 12.5 200/200
AoPIl 11C M9AL1 Rifle Grenade 28 113 28 709 200 12.5 200/200 ®
AoPI 11D 81mm Practice M879 29 29 (K40) N/A 241 (K328) N/A N/A N/A
Notes:

All Values in Bold Italics are the MSDs for unintentional detonations that must be used on-site for the Area.

'See Appendix B for calculation sheets documenting MSDs.
2 MOFB - Miniature Open Front Barricade (in accordance with HNC-ED-CS-S-98-1 Revision 1).
®See Appendix B for required sandbag thickness (HNC-ED-CS-S-98-7) and water containment system (HNC-ED-CS-S-00-3).
A = 1100 Gallon Tank; B =5 gal carboys/inflatable pool

b. See Appendix B for Fragmentation Data Sheets.




c. See Table 7-1 for Minimum Separation Distances. Quantity-Distance (QD) arcs
are shown in Appendix A on Figures 4-1 through 4-10.

d. Any occupied buildings or public roadways/waterways in the MSD areas during
MEC operations will be evacuated and/or roadways/waterways blocked to
prevent non-essential personnel from entering during the conduct of MEC
operations.

e. All Material Potentially Presenting an Explosive Hazard (MPPEH) will be
processed in accordance with (IAW) DoDI 4140.62 and EM 1110-1-4009. All
MPPEH will be assessed and its explosives safety status determined and
documented prior to transfer within the DoD or release from DoD control. Prior to
release to the public, MPPEH will be documented by authorized and technically
qualified personnel as Material Documented as Safe (MDAS) after a 100%
inspection and an independent 100% re-inspection to determine that it is safe
from an explosives safety perspective.

8. Methods of Disposal:

a. If disposal activities are required, they will be performed by qualified UXO
personnel within the MRS. The MSDs for intentional detonations are shown in
Table 7-1 and Q-D Arcs are shown on Figures 7-1 through 7-2.

b. Sandbags (HNC-ED-CS-S-98-7 Amendment 1, HNC Safety Advisory dated 12
July 2010, and the DDESB Memorandum “Clarifications Regarding Use of
Sandbags for Mitigation of Fragmentation and Blast Effects due to Intentional
Detonation of Munitions”, Nov. 29 2010) or water mitigation (HNC-ED-CS-S-00-3)
may be used to reduce the intentional detonation MSD as shown in Table 7-1.
Tamping (single or multiple items) may be used in accordance with DDESB
Technical Paper 16 and the Buried Explosion Module. In addition to Single
Sandbag Mitigation, Double Sandbag Mitigation is approved for items up to and
including 81mm diameter munitions that do not exceed TNT Net Explosive
Weight (NEW) of 1.39 Ibs IAW HNC-ED-CS-S-98-7 Amendment 1.

c. The MGFD for Camp Croft MRSs and AoPIs are shown in Table 7-1. Items with
smaller fragmentation distances may be found. Demolition of these items may be
done using the item-specific minimum separation distances and engineering
controls in accordance with DDESB TP 16 Fragmentation Database. For items
not in the DDESB TP 16 Fragmentation Database, the maximum fragment
distance may be calculated IAW the generic equations in DDESB TP 16. (Note:
the Generic Equation Calculator (GEQ) is available on the DDESB's secure
website at http://www.ddesb.pentagon.mil/.)




. On-call explosives delivery will be used for any MEC items recovered during
operations. Explosives will be provided by a local vendor on an as-needed basis.
MEC will be marked and guarded, if necessary, until disposal is accomplished.

. The Miniature Open Front Barricade (MOFB) or the Open Front Barricade (OFB)
may be used as necessary during intrusive operations in accordance with HNC-
ED-CS-S-98-9 or HNC-ED-CS-S-99-1, respectively (reports will be available on
site) in areas where the terrain allows.

All explosive operations will follow the procedures outlined in TM 60A-1-1-31 and
EM 385-1-97, Explosives Safety and Health Requirements Manual, demolition
operations will be performed daily or items properly guarded until operations can
be conducted.

. Collection points are those areas used to temporarily accumulate MEC
determined acceptable to move by the SUXOS and UXOSO pending destruction
at the end of the day using consolidated shots. MEC items at collection points
must be laid out as shown in “Procedures for Demolition of Multiple Rounds
(Consolidated Shots) on Ordnance and Explosives (OE) Sites”. The maximum
net explosive weight (NEW) at a collection point will be limited such that the K40
overpressure distance for the total NEW does not exceed the HFD for the area.
Consolidating multiple MEC is anticipated for this project.

. If determined acceptable to move by the SUXOS and UXOSO consolidating
multiple MEC may be anticipated for this project, US Army Engineering and
Support Center, Huntsville (USAESCH) publication “Procedures for Demolition of
Multiple Rounds (Consolidated Shots) on Ordnance and Explosives (OE) Sites”,
dated March 2000 will be used and a copy of this report will be available on site.
The maximum net explosive weight (NEW) for a consolidated shot will be limited
such that the K328 overpressure distance for the total NEW (including donor
charges) does not exceed the MSD for the intentional detonation.
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Figure 4-6
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Fragmentation Data Review Form

£l 8|~

Database Revision Date 5/24/2011

Category:

Non-Fragmenting Rounds

Munition:

40 mm M651 CS Grenade

Case Material: Aluminum 7075

Fragmentation Method: |N0n-Fragmenting

Secondary Database Category: |

Munition Case Classification: |Non-Fragmenting

Munition Information and

Fragmentation Characteristics

Explosive Type:

CS Starter Mixture

Explosive Weight (Ib):

| 7.14285714285714E-03

Diameter (in): |

1.5900

Cylindrical Case Weight (Ib): |

Date Record Retired:

DODIC: | B567
Date Record Created: | 5/8/2008
Record Created By: | MC
Last Date Record Updated: | 12/16/2010
Individual Last Updated Record: | SDH

Theoretical Calculated Fragment Distances

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

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

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

11

Maximum Fragment Weight |
(Intentional) (Ib):

Design Fragment Weight (95%) |
(Unintentional) (Ib):

Critical Fragment Velocity (fps): |

Overpressure Distances
TNT Equivalent (Pressure):

TNT Equivalent Weight - Pressure (lbs):

Public Traffic Route Distance (2.3 psi); K24 Distance:
Inhabited Building Distance (1.2 psi), K40 Distance:

Intentional MSD (0.0655 psi), K328 Distance:

Unbarricaded Intraline Distance (3.5 psi), K18 Distance:

0.007

EREER

63

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete
(Prevent Spall):

Mild Steel:
Hard Steel:

Aluminum:

LEXAN:

Plexi-glass:

Bullet Resist Glass:

Required Sandbag Thickness
TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 10° (Ib-ft2/s2):
Required Wall & Roof Sandbag Thickness (in)

Expected Maximum Sandbag Throw Distance (ft):

Minimum Separation Distance (ft):

T
| 0.007
—

Water Containment System and Minimum

Separation Distance:
| 1

| 0.007
I—

Non-
Fragmenting

|Non-Fragmenting

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

|N0n-Fragmenting

|Non—Fragmenting
|Non—Fragmenting

Item Notes

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 Data Review Form

£l 8|~

Database Revision Date 5/24/2011

Category: Grenades & Mines

Munition: Mk 1l Grenade

Case Material: Cast Iron, Grey, CL35

Fragmentation Method: |Pre-formed Fragmenting

Secondary Database Category: |Hand Grenade

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

DODIC: | G890

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 3/29/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

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

%

MFD-H [Maximum Fragment Distance, 521
Horizontal] (ft):
MFD-V [Maximum Fragment Distance, 397

Vertical] (ft):

Explosive Type: TNT
Explosive Weight (Ib): | 0.125
Diameter (in): | 2.2600
Cylindrical Case Weight (Ib): | 0.24047
Maximum Fragment Weight | 0.0129
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0043
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 578

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 0.125
Unbarricaded Intraline Distance (3.5 psi), K18 Distance:

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

ERER

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

Intentional MSD (0.0655 psi), K328 Distance: 164

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 1.15 | 0.79
Mild Steel: | o007 | o005
Hard Steel: | 0.06 | 0.04
Aluminum: | 0.16 | 0.10
LEXAN: | 1.61 [ 1.23
Plexi-glass: | 0.73 | 0.51
Bullet Resist Glass: | 0.55 I 0.37

Required Sandbag Thickness
.
[ o
| 0.0022

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum

Separation Distance:
| 1

| 0.125
| 0.0022

5 gal carboys/
inflatable pool

200/200

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 12
Expected Maximum Sandbag Throw Distance (ft): | 25

Minimum Separation Distance (ft): 200

Item Notes

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.

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




Fragmentation Data Review Form

£l 8|~

Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds
Munition: 81 mm M43
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Mortar

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

DODIC: | C225

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 3/10/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 209
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

| 1579
| 1215

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

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

Explosive Type: TNT
Explosive Weight (Ib): | 1.23
Diameter (in): | 3.1890
Cylindrical Case Weight (Ib): | 4.22038
Maximum Fragment Weight | 0.1096
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0377
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 3776

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 1.230
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 19

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

REER

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

Intentional MSD (0.0655 psi), K328 Distance: 351

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 6.61 | 3.98
Mild Steel: | 1.27 [ 0.77
Hard Steel: | 1.04 | 0.63
Aluminum: | 2.59 | 1.60
LEXAN: | 6.62 [ 5.05
Plexi-glass: | 4.99 | 3.49
Bullet Resist Glass: | 4.22 I 2.87

Required Sandbag Thickness
| 1
| 1.230

TNT Equivalent (Impulse):

TNT Equivalent Weight - Impulse (Ibs):

Water Containment System and Minimum

Separation Distance:
| 1

| 1.230
| 0.7813

| 1100 gal tank

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Kinetic Energy 10° (Ib-ft2/s2): | 0.7813 Minimum Separation Distance (ft): 200
Required Wall & Roof Sandbag Thickness (in) | 24
Item Notes
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

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 Data Review Form

£l 8|~

Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds
Munition: 81 mm M56
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Mortar

Munition Case Classification: |Non-Robust

Munition Information and
Fragmentation Characteristics

DODIC: |

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 3/2/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 240
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance,

| 1196
Horizontal] (ft):

MFD-V [Maximum Fragment Distance, 960
Vertical] (ft):

Explosive Type: TNT
Explosive Weight (Ib): | 4.31
Diameter (in): | 3.1890
Cylindrical Case Weight (Ib): | 3.77074
Maximum Fragment Weight | 0.0263
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0034
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 7384

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 4.310
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 29

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

ERER

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

Intentional MSD (0.0655 psi), K328 Distance: 534

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 8.02 | 3.43
Mild Steel: | 1.41 [ 0.63
Hard Steel: | 1.15 | 0.51
Aluminum: | 2.92 | 1.37
LEXAN: | 6.69 [ 4.06
Plexi-glass: | 5.05 | 2.60
Bullet Resist Glass: | 4.20 I 2.01

Required Sandbag Thickness
| 1
| 4.310

TNT Equivalent (Impulse):

TNT Equivalent Weight - Impulse (Ibs):

Water Containment System and Minimum

Separation Distance:
| 1

| 4.310
| 0.7170

| 1100 gal tank

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Kinetic Energy 10° (Ib-ft2/s2): | 0.7170 Minimum Separation Distance (ft): 200
Required Wall & Roof Sandbag Thickness (in) | 24
Item Notes
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds

Munition: 2.36 in M6A3 Rocket (Warhead &
Motor)

Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Rocket

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: See Item Notes

DODIC: |

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 3/31/2011
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 142
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance, 790
Horizontal] (ft):
MFD-V [Maximum Fragment Distance, 634

Vertical] (ft):

Explosive Weight (Ib): | 0.50/0.135
Diameter (in): | 2.3600
Cylindrical Case Weight (Ib): | 1.30239
Maximum Fragment Weight | 0.0087
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0013
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 6170

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 0.798
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 17

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

GRREE

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

Intentional MSD (0.0655 psi), K328 Distance: 304

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 3.69 | 1.66
Mild Steel: | 0.70 [ 0.32
Hard Steel: | 0.57 | 0.26
Aluminum: | 1.49 | 0.72
LEXAN: | 4.45 [ 2.75
Plexi-glass: | 2.94 | 1.55
Bullet Resist Glass: | 2.32 I 1.14

Required Sandbag Thickness

| 1.14/0.8
| 0.678
| 0.2187

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum

Separation Distance:
1.14/0.8

| 0.678
| 0.2187

5 gal carboys/
inflatable pool

| 264/200

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 20
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

Item Notes

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.

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




Fragmentation Data Review Form
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Database Revision Date 5/24/2011

Category: Grenades & Mines

Munition: M9AL1 Rifile Grenade

Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Rifle Grenade

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: Pentolite (50/50)

DODIC: |

8/23/2010
SDH

Date Record Created:

Record Created By:

Last Date Record Updated:

Individual Last Updated Record:

Date Record Retired:

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 113
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance, 709
Horizontal] (ft):
MFD-V [Maximum Fragment Distance, 570

Vertical] (ft):

Explosive Weight (Ib): | 0.25
Diameter (in): | 2.2500
Cylindrical Case Weight (Ib): | 0.36005
Maximum Fragment Weight | 0.0051
(Intentional) (Ib):
Design Fragment Weight (95%) | 0.0009
(Unintentional) (Ib):
Critical Fragment Velocity (fps): | 6313
Overpressure Distances
TNT Equivalent (Pressure): 1.38

TNT Equivalent Weight - Pressure (lbs): 0.345
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

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

RRE

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

Intentional MSD (0.0655 psi), K328 Distance: 230

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 3.26 | 1.62
Mild Steel: | 0.62 [ 0.31
Hard Steel: | 0.50 | 0.26
Aluminum: | 1.33 | 0.70
LEXAN: | 4.11 [ 2.70
Plexi-glass: | 2.64 | 1.51
Bullet Resist Glass: | 2.06 I 1.11

Required Sandbag Thickness

TNT Equivalent (Impulse): 1.14

| 0.285
| 0.1016

TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum
Separation Distance:

TNT Equivalent (Impulse): 1.14

| 0.285
| 0.1016

5 gal carboys/
inflatable pool

200/200

TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 12
Expected Maximum Sandbag Throw Distance (ft): | 25

Minimum Separation Distance (ft): 200

Item Notes

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.

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




Fragmentation Data Review Form
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Database Revision Date 5/24/2011

Category: Grenades & Mines

Munition: M31 Rifle Grenade

Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Rifle Grenade

Munition Case Classification: |Non-Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: Composition B

DODIC: | G970

Date Record Retired:

Date Record Created: | 7/24/2007
Record Created By: | MC
Last Date Record Updated: | 3/31/2011
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

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

%

MFD-H [Maximum Fragment Distance, 500
Horizontal] (ft):
MFD-V [Maximum Fragment Distance, 409

Vertical] (ft):

Explosive Weight (Ib): | 0.62
Diameter (in): | 2.6160
Cylindrical Case Weight (Ib): | 0.27137
Maximum Fragment Weight | 0.0013
(Intentional) (Ib):
Design Fragment Weight (95%) | 0.0002
(Unintentional) (Ib):
Critical Fragment Velocity (fps): | 9250
Overpressure Distances
TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 0.719
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 16

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

ARRE

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

Intentional MSD (0.0655 psi), K328 Distance: 294

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 3.69 | 1.65
Mild Steel: | 060 | o028
Hard Steel: | 0.50 | 0.23
Aluminum: | 1.35 | 0.66
LEXAN: | 3.81 [ 2.39
Plexi-glass: | 2.39 | 1.28
Bullet Resist Glass: | 1.80 I 0.90

Required Sandbag Thickness

TNT Equivalent (Impulse): 1.14

| 0.707
| 0.0556

TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum
Separation Distance:

TNT Equivalent (Impulse): 1.14

| 0.707
| 0.0556

5 gal carboys/
inflatable pool

| 264/200

TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 20
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

Item Notes

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds

Munition: 155 mm M107 (Composition B filled)

Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Pr0jectile

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: Composition B

DODIC: | D571

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 2/4/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 450
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

| 2630
| 2022

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

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

Explosive Weight (Ib): | 15.448
Diameter (in): | 6.1024
Cylindrical Case Weight (Ib): | 73.50184
Maximum Fragment Weight | 0.6641
(Intentional) (Ib):
Design Fragment Weight (95%) | 0.1372
(Unintentional) (Ib):
Critical Fragment Velocity (fps): | 3584
Overpressure Distances
TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 17.920
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 47

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

ARRE

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

Intentional MSD (0.0655 psi), K328 Distance: 858

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 14.45 | 6.68
Mild Steel: | 2.74 [ 1.29
Hard Steel: | 2.25 | 1.06
Aluminum: | 5.30 | 2.61
LEXAN: |  10.69 [ 6.73
Plexi-glass: | 9.43 | 5.10
Bullet Resist Glass: | 8.58 I 4.39

Required Sandbag Thickness
TNT Equivalent (Impulse): 1.14

TNT Equivalent Weight - Impulse (Ibs):

Water Containment System and Minimum
Separation Distance:

TNT Equivalent (Impulse): 1.14

| 17.611
| 4.2663

| 1100 gal tank

TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Kinetic Energy 10° (Ib-ft2/s2): | 4.2663 Minimum Separation Distance (ft): 275
Required Wall & Roof Sandbag Thickness (in) | 36
Item Notes
Expected Maximum Sandbag Throw Distance (ft): 220
Minimum Separation Distance (ft): 220

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds
Munition: 155 mm M101
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Pr0jectile

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

DODIC: | D485

12/8/2010
MMC

Date Record Created:

Record Created By:

Last Date Record Updated:

Individual Last Updated Record:

Date Record Retired:

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 389
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

| 2894
| 2208

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

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

Explosive Type: TNT
Explosive Weight (Ib): | 14.6
Diameter (in): | 6.1250
Cylindrical Case Weight (Ib): | 73.50184
Maximum Fragment Weight | 1.0548
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.2710
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 4035

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 14.600
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 44

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

T

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

Intentional MSD (0.0655 psi), K328 Distance: 802

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 14.62 | 7.33
Mild Steel: | 2.82 [ 1.43
Hard Steel: | 2.31 | 1.17
Aluminum: | 5.39 | 2.85
LEXAN: | 1110 [ 7.30
Plexi-glass: | 9.91 | 5.69
Bullet Resist Glass: | 9.14 I 4.99

Required Sandbag Thickness

.
[ 1600
[ o4z

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum

Separation Distance:
| 1

14.600
| 6.6543

| Not Permitted

| Not Permitted

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | Not Permitted

| Not Permitted
| Not Permitted

Expected Maximum Sandbag Throw Distance (ft):

Minimum Separation Distance (ft):

Item Notes

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.

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.




Fragmentation Data Review Form
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Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds
Munition: 155 mm M795
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Pr0jectile

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

DODIC: | D529

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 2/4/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 443
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

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

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

| 2739
| 2111

Explosive Type: TNT
Explosive Weight (Ib): | 28.814
Diameter (in): | 6.0430
Cylindrical Case Weight (Ib): | 61.96831
Maximum Fragment Weight | 0.6139
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.1116
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 4434

Overpressure Distances

TNT Equivalent (Pressure):

J

[Zes1d
B
o
B
[Toos

TNT Equivalent Weight - Pressure (lbs):

Unbarricaded Intraline Distance (3.5 psi), K18 Distance:
Public Traffic Route Distance (2.3 psi); K24 Distance:
Inhabited Building Distance (1.2 psi), K40 Distance:

Intentional MSD (0.0655 psi), K328 Distance:

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 15.11 | 7.34
Mild Steel: | 2.79 [ 1.42
Hard Steel: | 2.29 | 1.16
Aluminum: | 5.44 | 2.85
LEXAN: | 1090 [ 7.19
Plexi-glass: | 9.67 | 5.57
Bullet Resist Glass: | 8.86 I 4.79

Required Sandbag Thickness

.
[ zse14
[ 6omr

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum

Separation Distance:
| 1

| 28.814
| 6.0347

| Not Permitted

| Not Permitted

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | Not Permitted

| Not Permitted
| Not Permitted

Expected Maximum Sandbag Throw Distance (ft):

Minimum Separation Distance (ft):

Item Notes

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Grenades & Mines

Munition: M26A2 Grenade

Case Material: Steel, Mild

Fragmentation Method: |Pre-formed Fragmenting

Secondary Database Category: |Hand Grenade

Munition Case Classification: |Non-Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: Composition B

DODIC: |

9/30/2009
SDH

Date Record Created:

Record Created By:

Last Date Record Updated:

Individual Last Updated Record:

Date Record Retired:

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 288
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance, 312
Horizontal] (ft):
MFD-V [Maximum Fragment Distance, 256

Vertical] (ft):

Explosive Weight (Ib): | 0.3625
Diameter (in): | 2.3750
Cylindrical Case Weight (Ib): | 0.30954
Maximum Fragment Weight | 0.0003
(Intentional) (Ib):
Design Fragment Weight (95%) | 0.0003
(Unintentional) (Ib):
Critical Fragment Velocity (fps): | 7978
Overpressure Distances
TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 0.421
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

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

RRE

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

Intentional MSD (0.0655 psi), K328 Distance: 246

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 1.42 | 1.42
Mild Steel: | o026 | o026
Hard Steel: | 0.22 | 0.22
Aluminum: | 0.61 | 0.61
LEXAN: | 2.36 [ 2.36
Plexi-glass: | 1.26 | 1.26
Bullet Resist Glass: | 0.90 I 0.90

Required Sandbag Thickness

TNT Equivalent (Impulse): 1.14

| 0.413
| 0.0099

TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum
Separation Distance:

TNT Equivalent (Impulse): 1.14

| 0.413
| 0.0099

5 gal carboys/
inflatable pool

200/200

TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 12
Expected Maximum Sandbag Throw Distance (ft): | 25

Minimum Separation Distance (ft): 200

Item Notes

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Grenades & Mines

Munition: M3 AP Mine

Case Material: Cast Iron, Grey, CL35

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Mine

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

DODIC: | K120

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 3/29/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 180
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

| 1818
| 1396

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

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

Explosive Type: TNT
Explosive Weight (Ib): | 0.9
Diameter (in): | 3.5000
Cylindrical Case Weight (Ib): | 4.98474
Maximum Fragment Weight | 0.2100
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0509
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 3845

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 0.900
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 17

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

EEER

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

Intentional MSD (0.0655 psi), K328 Distance: 317

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 8.98 | 5.09
Mild Steel: | 1.82 [ 1.04
Hard Steel: | 1.49 | 0.85
Aluminum: | 3.59 | 2.12
LEXAN: | 9.04 [ 6.40
Plexi-glass: | 7.18 | 4.54
Bullet Resist Glass: | 6.30 I 3.78

Required Sandbag Thickness

.
[ os0
[ 123

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum

Separation Distance:
| 1

| 0.900
1.5523

| 1100 gal tank

200.000

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 24
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

Item Notes

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Grenades & Mines
Munition: M15 AT Mine
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Mine

Munition Case Classification: |Non-Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: Composition B

DODIC: | K180

Date Record Retired:

Date Record Created: | 7/12/2007
Record Created By: | MC
Last Date Record Updated: | 1/12/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 221
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance,

| 1027
Horizontal] (ft):

MFD-V [Maximum Fragment Distance, 839
Vertical] (ft):

Explosive Weight (Ib): | 22.75
Diameter (in): | 12.6500
Cylindrical Case Weight (Ib): | 2.02193
Maximum Fragment Weight | 0.0119
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0014
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 12018

Overpressure Distances

TNT Equivalent (Pressure): 1.16
TNT Equivalent Weight - Pressure (lbs): | 26.390
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: | 54
Public Traffic Route Distance (2.3 psi); K24 Distance: | 71
Inhabited Building Distance (1.2 psi), K40 Distance: 119
Intentional MSD (0.0655 psi), K328 Distance: 977

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 12.27 | 4.93
Mild Steel: | 1.76 [ 0.75
Hard Steel: | 1.44 | 0.61
Aluminum: | 3.73 | 1.68
LEXAN: | 7.22 [ 4.27
Plexi-glass: | 5.57 | 2.77
Bullet Resist Glass: | 4.57 I 2.11

Required Sandbag Thickness

TNT Equivalent (Impulse): 1.14

25.935
| 0.8594

TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum
Separation Distance:

TNT Equivalent (Impulse): 1.14

25.935
| 0.8594

| Not Permitted

| Not Permitted

TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | Not Permitted

| Not Permitted
| Not Permitted

Expected Maximum Sandbag Throw Distance (ft):

Minimum Separation Distance (ft):

Item Notes

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds
Munition: 60 mm M49A5
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Mortar

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

Explosive Type: Composition B

DODIC: | B632

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 9/4/2009
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 184
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance,

| 1070
Horizontal] (ft):

MFD-V [Maximum Fragment Distance, 845
Vertical] (ft):

Explosive Weight (Ib): | 0.79
Diameter (in): | 2.3622
Cylindrical Case Weight (Ib): | 1.76541
Maximum Fragment Weight | 0.0206
(Intentional) (Ib):
Design Fragment Weight (95%) | 0.0036
(Unintentional) (Ib):
Critical Fragment Velocity (fps): | 6044
Overpressure Distances
TNT Equivalent (Pressure): 1.16

TNT Equivalent Weight - Pressure (lbs): 0.916
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 17

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

RRE

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

Intentional MSD (0.0655 psi), K328 Distance: 319

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 5.47 | 2.68
Mild Steel: | 1.02 [ 0.51
Hard Steel: | 0.84 | 0.42
Aluminum: | 2.14 | 1.12
LEXAN: | 5.65 [ 3.69
Plexi-glass: | 4.03 | 2.29
Bullet Resist Glass: | 3.30 I 1.76

Required Sandbag Thickness

TNT Equivalent (Impulse): 1.14

| 0.901
| 0.3763

TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum
Separation Distance:

TNT Equivalent (Impulse): 1.14

| 0.901
| 0.3763

5 gal carboys/
inflatable pool

| 264/200

TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 20
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

Item Notes

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 Data Review Form
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Database Revision Date 5/24/2011

Category: Surface-Launched HE Rounds
Munition: 60 mm M49A2
Case Material: Steel, Mild

Fragmentation Method: |Naturally Fragmenting

Secondary Database Category: |Mortar

Munition Case Classification: |Robust

Munition Information and
Fragmentation Characteristics

DODIC: | B632

Date Record Retired:

Date Record Created: | 9/21/2004
Record Created By: | MC
Last Date Record Updated: | 3/23/2010
Individual Last Updated Record: | SDH

I

Theoretical Calculated Fragment Distances

HFD [Hazardous Fragment Distance: 152
distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

| 1322
| 1025

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

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

Explosive Type: TNT
Explosive Weight (Ib): | 0.34
Diameter (in): | 2.3622
Cylindrical Case Weight (Ib): | 1.45420
Maximum Fragment Weight | 0.0570
(Intentional) (Ib):

Design Fragment Weight (95%) | 0.0159
(Unintentional) (Ib):

Critical Fragment Velocity (fps): | 3982

Overpressure Distances
TNT Equivalent (Pressure):
TNT Equivalent Weight - Pressure (lbs): 0.340
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13

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

EEER

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

Intentional MSD (0.0655 psi), K328 Distance: 229

Minimum Thickness to Prevent Perforation

Intentional Unintentional

4000 psi Concrete

(Prevent Spall): | 4.96 | 2.99
Mild Steel: | 0.97 [ 0.58
Hard Steel: | 0.79 | 0.48
Aluminum: | 1.97 | 1.23
LEXAN: | 5.75 [ 4.21
Plexi-glass: | 4.14 | 2.74
Bullet Resist Glass: | 3.47 I 2.19

Required Sandbag Thickness

.
[ om0
[ om

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 10° (Ib-ft2/s2):

Water Containment System and Minimum

Separation Distance:
| 1

| 0.340
| 0.4519

5 gal carboys/
inflatable pool

| 264/200

TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 106 (Ib-ft2/s2):

Water Containment System:

Minimum Separation Distance (ft):

Required Wall & Roof Sandbag Thickness (in) | 20
Expected Maximum Sandbag Throw Distance (ft): 125
Minimum Separation Distance (ft): 200

Item Notes

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.




Fragme

ntation Data Review Form

Database Revision Date 5/24/2011

Category:

Non-Fragmenting Rounds

DODIC:

Munition:

81 mm Practice M879

Case Material: Steel, Mild

Date Record Created:

Record Created By:

Fragmentation Method: |N0n-Fragmenting

Last Date Record Updated:

Secondary Database Category: |

Individual Last Updated Record:

Munition Case Classification: |Non-Fragmenting

Munition Information and

Fragmentation Characteristics

Date Record Retired:

HFD [Hazardous Fragment Distance:

Explosive Type:

Flash Charge Composition

distance to no more than 1 hazardous
fragment per 600 square feet] (ft):

MFD-H [Maximum Fragment Distance,

£l 8|~

C875

1/11/2010

SDH

Theoretical Calculated Fragment Distances

11

Public Traffic Route Distance (2.3 psi); K24 Distance:
Inhabited Building Distance (1.2 psi), K40 Distance:

Intentional MSD (0.0655 psi), K328 Distance:

Bullet Resist Glass:
18

Explosive Weight (Ib): | 0.398917 .
Horizontal] (ft):
Diameter (in): | 3.1740 MFD-V [Maximum Fragment Distance,
oo . Vertical :
Cylindrical Case Weight (Ib): | Sl ({5)
Maximum Fragment Weight |
(Intentional) (Ib): Minimum Thickness to Prevent Perforation
Design Fragment Weight (95%) | Intentional Unintentional
(Unintentional) (Ib): 4000 psi Concrete
Critical Fragment Velocity (fps): | (Prevent Spall): | |
Mild Steel: | |
Overpressure Distances Hard Steel: | |
TNT Equivalent (Pressure): Aluminum: | |
: : LEXAN: | [
TNT Equivalent Weight - Pressure (lbs): 0.399
Plexi-glass: | |
Unbarricaded Intraline Distance (3.5 psi), K18 Distance: 13 | I

29

EEER

241 )
TNT Equivalent (Impulse):

Required Sandbag Thickness
TNT Equivalent (Impulse):
TNT Equivalent Weight - Impulse (Ibs):
Kinetic Energy 10° (Ib-ft2/s2):
Required Wall & Roof Sandbag Thickness (in)
Expected Maximum Sandbag Throw Distance (ft):

Minimum Separation Distance (ft):

TNT Equivalent Weight - Impulse (Ibs):

Kinetic Energy 106 (Ib-ft2/s2):

=
oz
—

Water Containment System:

Minimum Separation Distance (ft):

Water Containment System and Minimum
Separation Distance:

——
[ oss
o

Non-
Fragmenting

|Non-Fragmenting

|N0n-Fragmenting
Item Notes

|Non—Fragmenting
|Non—Fragmenting

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

composition has a TNT equivalency of 1.0

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

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.
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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 ft?
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 2

2

Specified sampling area b

424.86 acres




Computed spacing between transects| 35 meters

Computed spacing between 36 meters

transect centers

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 © $66,012.15

@ 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.

¢ 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, Ab, which can vary for each iteration. The expected



number of detected background anomalies, A, is calculated as A=A (1 _p )Where L), is the background
= Ly i

density of 15 anomalies / acres and Pﬁ is the instrument false negative rate of 0.05. A random number of detected

background anomalies is generated using a Poisson distribution with parameter/]‘,b. 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 Da 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:/7, : D) = [J,
Alternative Hypothesis: &, : D = [,

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 isn and the
proportion of target areas detected is p, then another iteration is run if

Maximum Error<1.963‘c pll-p

b

The quantity1 o6 * pll-p is the 95th percentile of the standard error of the mean for a binomial distribution. We are

bl
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



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 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 ft?
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 2

1

Specified sampling area b

1060.88 acres




Computed spacing between transects| 72 meters

Computed spacing between 73 meters

transect centers

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 © $64,594.26

@ 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.

¢ See the Cost of Sampling section for an explanation of the costs presented here.

Site Map With Proposed Transect Design
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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

420926.2266

3858891.9481

421007.5189

3858891.9481

1.0000

81.2923

420884.0137

3858964.9481

421133.7526

3858964.9481

1.0000

249.7390

420841.8007

3859037.9481

421259.9864

3859037.9481

1.0000

418.1857

420799.5878

3859110.9481

421386.2202

3859110.9481

1.0000

586.6323

420757.3749

3859183.9481

421512.4539

3859183.9481

1.0000

755.0790

420715.1620

3859256.9481

421638.6877

3859256.9481

1.0000

923.5257

420672.9491

3859329.9481

421198.1101

3859329.9481

1.0000

525.1610

oOjlojlojlojlo|lo|o




421219.7254

3859329.9481

421764.9215

3859329.9481

1.0000

545.1961

420630.7362

3859402.9481

421077.2879

3859402.9481

1.0000

446.5517

421242.2681

3859402.9481

421891.1552

3859402.9481

1.0000

648.8871

420588.5233

3859475.9481

421000.5284

3859475.9481

1.0000

412.0051

421264.8108

3859475.9481

422017.3890

3859475.9481

1.0000

752.5782

420546.3104

3859548.9481

421038.8783

3859548.9481

1.0000

492.5679

421224.0604

3859548.9481

422143.6228

3859548.9481

1.0000

919.5623

420504.0975

3859621.9481

421077.2281

3859621.9481

1.0000

573.1307

421088.3804

3859621.9481

422269.8565

3859621.9481

1.0000

1181.4761

420461.8845

3859694.9481

422396.0903

3859694.9481

1.0000

1934.2057

420420.0817

3859767.9481

422522.3241

3859767.9481

1.0000

2102.2423

420413.7036

3859840.9481

422511.1240

3859840.9481

1.0000

2097.4204

420407.3254

3859913.9481

422468.9107

3859913.9481

1.0000

2061.5853

420380.2810

3859986.9481

422426.6974

3859986.9481

1.0000

2046.4164

420290.8830

3860059.9481

422384.4841

3860059.9481

1.0000

2093.6011

420208.6070

3860132.9481

422342.2708

3860132.9481

1.0000

2133.6637

420166.3941

3860205.9481

422300.0575

3860205.9481

1.0000

2133.6633

420124.1812

3860278.9481

422257.8442

3860278.9481

1.0000

2133.6629

420081.9683

3860351.9481

422215.6308

3860351.9481

1.0000

2133.6625

420039.7554

3860424.9481

422173.4175

3860424.9481

1.0000

2133.6621

419997.5425

3860497.9481

422131.2042

3860497.9481

1.0000

2133.6617

419955.3296

3860570.9481

422088.9909

3860570.9481

1.0000

2133.6613

419913.1167

3860643.9481

422046.7776

3860643.9481

1.0000

2133.6609

419906.5790

3860716.9481

422004.5643

3860716.9481

1.0000

2097.9853

419909.1365

3860789.9481

421962.3510

3860789.9481

1.0000

2053.2145

419911.6940

3860862.9481

421920.1377

3860862.9481

1.0000

2008.4437

419914.2515

3860935.9481

421877.9244

3860935.9481

1.0000

1963.6729

419935.7483

3861008.9481

421835.7111

3861008.9481

1.0000

1899.9628

420061.9844

3861081.9481

421793.4978

3861081.9481

1.0000

1731.5134

420188.2204

3861154.9481

421751.2845

3861154.9481

1.0000

1563.0640

420314.4565

3861227.9481

421709.0712

3861227.9481

1.0000

1394.6147

420440.6926

3861300.9481

421666.8578

3861300.9481

1.0000

1226.1653

420566.9286

3861373.9481

421624.6445

3861373.9481

1.0000

1057.7159

420693.1647

3861446.9481

421582.4312

3861446.9481

1.0000

889.2665

420819.4007

3861519.9481

420911.3485

3861519.9481

1.0000

91.9477

420962.1056

3861519.9481

421540.2179

3861519.9481

1.0000

578.1123

420972.3729

3861592.9481

421498.0046

3861592.9481

1.0000

525.6318

421071.8730

3861665.9481

421443.5243

3861665.9481

1.0000

371.6513

421198.1090

3861738.9481

421361.0540

3861738.9481

1.0000

162.9450

421324.3451

3861811.9481

421351.4558

3861811.9481

1.0000

27.1107
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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, A.E:v which can vary for each iteration. The expected
number of detected background anomalies, A, is calculated as A=A (1 _p )Where DE: is the background
= Ly ;

density of 15 anomalies / acres and Pﬁ: is the instrument false negative rate of 0.05. A random number of detected

background anomalies is generated using a Poisson distribution with parameter,?,b. 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 Da 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:/7, : D), = [J,
Alternative Hypothesis: /£, : D = [,

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 isn and the
proportion of target areas detected is p, then another iteration is run if

Maximum Error<1.963‘c pll-p

b

The quantity1 o6 * pll-p 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 ft?
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 2

1

Specified sampling area b

11453.42 acres




Computed spacing between transects| 134 meters

Computed spacing between 135 meters

transect centers

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 © $359,339.08

@ 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.

¢ See the Cost of Sampling section for an explanation of the costs presented here.

Site Map With Proposed Transect Design

[l

I
L

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, Ab, which can vary for each iteration. The expected



number of detected background anomalies, A, is calculated as A=A (1 _p )Where L), is the background
= Ly i

density of 15 anomalies / acres and Pﬁ is the instrument false negative rate of 0.05. A random number of detected

background anomalies is generated using a Poisson distribution with parameter/]‘,b. 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 Da 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:/7, : D) = [J,
Alternative Hypothesis: &, : D = [,

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 isn and the
proportion of target areas detected is p, then another iteration is run if

Maximum Error<1.963‘c pll-p

b

The quantity1 o6 * pll-p is the 95th percentile of the standard error of the mean for a binomial distribution. We are

bl
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



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 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 ft?

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® |1
b

Specified sampling area 7.55 acres

Computed spacing between transects | 15.24 meters

Computed spacing between 16.24 meters
transect centers

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 © $4,172.24

@ 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.

¢ 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

422896.5724

3864228.3920

422907.1596

3864228.3920

1.0000

10.5872

422829.5172

3864244.6320

422911.0324

3864244.6320

1.0000

81.5152

422762.4620

3864260.8720

422914.9053

3864260.8720

1.0000

152.4433

422721.9152

3864277.1120

422918.7781

3864277.1120

1.0000

196.8629

422725.7461

3864293.3520

422922.6510

3864293.3520

1.0000

196.9048

422729.5771

3864309.5920

422926.5238

3864309.5920

1.0000

196.9467

422733.4080

3864325.8320

422930.3967

3864325.8320

1.0000

196.9887

422737.2389

3864342.0720

422934.2695

3864342.0720

1.0000

197.0306

422741.0699

3864358.3120

422938.1424

3864358.3120

1.0000

197.0725

422744.9008

3864374.5520

422942.0152

3864374.5520

1.0000

197.1144

422748.7317

3864390.7920

422905.5340

3864390.7920

1.0000

156.8023

422752.5627

3864407.0320

422835.4870

3864407.0320

1.0000

82.9244

422756.3936

3864423.2720

422765.4401

3864423.2720

1.0000

9.0465

OO0 0o0ojojojojojlojo|o|o©O

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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Acronyms and Abbreviations

AE Assessment Endpoint

AoPI Areas of Potential Interest
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Black & Veatch Black & Veatch Special Projects Corp.

CDI chronic daily intake

CERCLA Comprehensive Environmental Response, Compensation, and
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IRIS Integrated Risk Information System
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SF Slope Factor

TRV toxicity reference value

USACE US Army Corps of Engineers

USAESCH US Army Corps of Engineers, Engineering and Support Center,
Huntsville

ZAPATA Zapata Incorporated
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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
formerly-used defense site (FUDS) within the US Army Corps of Engineers (USACE)
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
describes the various steps that will be undertaken to characterize potential risks to human
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
exposure for each exposure pathway, as well as assumptions regarding receptor
characteristics and behavior (e.g., body weight, ingestion 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
data management and exposure assumptions that will be used are included should a
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:

o 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.

e Provide a basis for determining the levels of chemicals that can remain onsite and
still not adversely impact public health and the environment.

e 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
any, remedial response actions may be necessary and assist in establishing the remediation
goals that will be presented in the feasibility study.

The work plan is developed in accordance with EPA and USACE guidance set forth in the
following documents:

1.2

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

EPA, 1991. RAGS, Volume I: Human Health Evaluation Manual Supplemental
Guidance, Standard Default Exposure Factors, Interim Final, Office of Solid Waste 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.

EPA, 1997a. Exposure Factors Handbook, Office of Research and Development,
EPA/600/P-95/002, August 1997.

EPA, 2000. Supplement to RAGS: Region 4 Bulletins Human Health Risk Assessment
Bulletins. EPA Region 4, originally published November 1995, Website version last
updated May 2000:

http://www.epa.gov/region4 /waste/oftecser/healtbul.htm

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

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.

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

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

Site Location, Description, History

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

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

presence or absence of MC, a human health screening will be performed. The HHRA will be
prepared as an appendix to the RI report and summarized in the main body of the Rl 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
deletion of the chemical as COPCs. The following screening criteria will be used to select or
eliminate each chemical:

e 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
future land use of the site and surrounding area were considered during exposure pathway
identification.

As defined in the Risk Assessment Guidance for Superfund Part A (RAGS 1989), an exposure
pathway is composed of the following elements:

e A source and mechanism of chemical release to the environment

e Anenvironmental transport medium (e.g., groundwater) for the released chemical
and/or mechanism of transfer of the chemical from one medium to another

e A point of potential contact by humans with the contaminated medium



e Aroute 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
site access or use exist. The goal of this discussion is to establish whether it is feasible for
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, 19973, 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

The following exposure pathways were considered to be complete and will be evaluated as
part of the assessment of exposure to contaminants:

* (Adults and Young Children [0-6 yrs])
Surface Soil
- incidental ingestion
- dermal contact
- inhalation of fugitive dust

= Site Worker (Adults)
Surface Soil
- incidental ingestion
- dermal contact
- inhalation of fugitive dust
= Recreational users (Adults)



Surface Soil
- incidental ingestion
- dermal contact
- inhalation of fugitive dust

1.5.4 Exposure Units

Three Munitions Response Sites (MRSs) will be evaluated. The three MRSs include the Gas
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
training item used at this site. The data collected from within MRS 1 will be evaluated
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.
The data collected from within MRS 2 will be evaluated collectively as a single exposure
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
subsets of site data will have means that are equal to or less than the UCL 95 percent of the
time. The 95%UCL will be calculated using EPA’s ProUCL software, Version 4.00.05.

1.5.6 Quantification of Exposure
The following basic equation will be used to calculate human intake of a COPC (EPA, 1989):

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



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 FlI

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 1x10°

Fl = 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
population, including frequency and duration of exposure, body weight, and contact rate.

The current and future residential scenario assumed that individuals live in the same
residence for 30 years. In addition, it was assumed that residents take about two weeks of
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
chronic daily intakes (i.e., doses) of chemicals of COPCs for the remaining receptors through
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
further assumed that the site worker is at work five days per week for 50 weeks per year
(250 days total) (EPA, 1997a).

It was assumed that recreational users would visit the site over a span of 10 years.



1.5.6.1 Incidental Ingestion of Surface Soil. Incidental ingestion of surface soil can result
from placing soil-covered hands or objects in the mouth. Surface soil ingestion is a potential
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
soil per day (EPA, 1997a). A lifetime average daily dose was calculated to reflect these
varying ingestion rates.

The surface soil ingestion rate that was assumed for site workers will be 100 mg/day (EPA,
2001). It will be assumed that a site worker is exposed to COPCs in surface soil five days
per week for 50 weeks per year (a total of 250 days per year) for 25 years.

It will be assumed that a recreational user is exposed to COPCs in surface soil one day per
week for a period of 10 years at a rate of 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
exposure route for residents, site workers, and recreational users. The exposed skin areas
that were used to evaluate dermal contact with surface soil are outlined below:

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

e Child resident will be based on children playing in wet soil and assumes face,
forearms, hands, lower legs, and feet (2,800 cm?) are exposed (EPA, 2004).

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

o Site worker will be based on the adult male utility worker activity and assumes face,
forearms, and hands (3,300 cm?) are exposed (EPA, 2004). It is expected that all
other body areas will be covered while working on the site and that there is minimal
contact with soil (EPA, 1997a).

e 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/cm?) 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.



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
values which includes Agency for Toxic Substances Disease, Registry (ATSDR), Minimal Risk
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
an RfD (also usually expressed in mg/kg/day). This comparison, or unitless ratio, is called
the hazard quotient (HQ) and is expressed as the following equation:

Hazard Quotient (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
risk of a receptor developing cancer. The following equation (i.e., the linear low-dose
cancer risk equation) will be used to compute chemical-specific cancer risk:

Risk = Chronic daily intake or dermal absorbed dose (mg/kg/day) x
slope factor (mg/kg/day)-1

Cancer risks for lifetime exposure scenarios will be calculated by combining the estimated
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
unavailable, will be assumed to equal 1. Inhalation cancer risk will be calculated using the
methodology in RAGS Part F.
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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
This information may be found in the main body of the RI/FS work plan.

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
above mean sea level. Topography varies only by several hundred feet. There are two man-
made lakes within Croft State Natural Area: Lake Johnson and Lake Craig.

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,
along Fairforest Creek. The largest wetland in the southern portion of the FUDS is 82.85
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
birds. The site is widely used for hunting and game species such as turkey and deer are
common.

The following sections provide the methods to be used in conducting the ecological risk
evaluation for the Camp Croft site. The ecological risk assessment is a qualitative and

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

The basic components of the ecological risk evaluation are listed below:

. Problem Formulation

. Characterization of Exposure

. Characterization of Ecological Effects
. 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
descriptions of the assessment components that will be addressed as part of the problem
formulation.

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
associated with the areas investigated at the Camp Croft site, as well as to select chemicals
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
investigation. The COPECs will be selected based on an analysis of the analytical data using
the following screening criteria:

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

e 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
compared to ecological screening values. Ecological risk-based soil screening values will be
selected based on the hierarchy presented below.

Per EPA’s guidance document, Ecological Risk Assessment Guidance for Superfund: Process
for Designing and Conducting Ecological Risk Assessments - Interim Final, the maximum
detected concentration of analytes in soils will be compared to the most conservative soil
screening values for the screening-level ecological risk assessment (SLERA).

e 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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o [f 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,,
1997¢)

0 Toxicological Benchmarks for Contaminants of Potential Concern for Effects
on Soil and Litter Invertebrates and Heterotrophic Process: 1997 Revision
(Efroymson et al., 1997a)

0 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.

0 EPA Region IV Ecological Screening Levels (ESL) These can be found at
http://www.epa.gov/region4/waste/ots/epatab4.pdf.

0 EPA Region V Resource Conservation and Recovery Act Ecological Screening
Levels (ESL) (EPA 2003)

0 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
the Former Camp Croft site.

e 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
and Conducting Ecological Risk Assessments (EPA, 1997), and SC DHEC guidance. If
recommended by the PDT, a baseline risk assessment will be conducted.

2.4.2 Characterization of Habitats

Characterization of habitats is another component of the problem formulation and is
presented in this work plan (see Section 2.3 above) to provide some ecological background
on the site.

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.
For this assessment, ecological receptors may also include aquatic animals (non-specific
fish, amphibian larvae, and aquatic invertebrates) if contaminants migrate to water bodies.

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
inhalation of COPECs are possible, these exposure routes are considered minor relative to
ingestion.

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
habitats can be inferred from changes in composition and characteristics that reduce a
habitat’s ability to support plant and animal populations and communities.

Example Assessment and Measurement Endpoints:

e Assessment Endpoint 1: Protection of populations of terrestrial plants.

e Measurement Endpoint 1: Comparison of soil concentrations with soil benchmarks
for the protection of plants.

e Assessment Endpoint 2: Protection of populations of soil invertebrates.

e Measurement Endpoint 2: Comparison of soil concentrations with soil benchmarks
for the protection of soil invertebrates.

o Assessment Endpoint 3: Protection of populations of terrestrial herbivores.

e Measurement Endpoint 3: Comparison of estimated exposure dose for a terrestrial
herbivore (mammal and bird) due to ingestion of soil and food, with a toxicity
reference value.

e Assessment Endpoint 4: Protection of populations of terrestrial insectivores.

e 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.
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e Assessment Endpoint 5: Protection of populations of terrestrial carnivores.

e 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
are selected to be representative of each assessment endpoint (e.g. herbivores, insectivores
or carnivores).

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
NOAELs, and for other chemicals, TRVs are developed as NOAELs using available toxicity
information and extrapolation factors.

2.7 Ecological Risk Characterization

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
estimated daily doses or media-specific concentrations with TRVs. This comparison,
described as a hazard quotient (HQ), will be made for each chemical and is expressed as:

HQ = Cied / Benchmarkmeq

Where:
Cmeda = Concentration of a chemical in soil (for terrestrial organisms) surface water
(for aquatic life) or sediment (for sediment-dwelling organisms or benthic
invertebrates)

Benchmarkmeqs = Toxicity benchmark for soil (for terrestrial organisms) surface
water (for aquatic life) or sediment (for sediment-dwelling organisms or benthic
invertebrates)

or:

HQ = Dose / TRVing

Where:
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)
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TRViyg = 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
indices will only be added across chemicals for those chemicals with similar toxic effect
mechanisms.
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