


• 

DEPARTMENT OF THE NAVY 
CRANE DIVISKlN 

NAVAL SURFACE WARFARE CENTER 

300 HIGHWAY 361 

CRANE. INDIANA ~7522·5(()O 

Indiana Department of Environmental Management 
Corrective Action Section 
Office Of Land Quality 
Hazardous Waste Permits 
100 N Senate Ave 
PO Box 6015 
Indianapolis, In 46206-6015 

Dear Mr. Griffin: 

IN REPLY REFER TO: 

5090/S4.7 
Ser RP3/5229 

30 dUN 2005 

Crane Division, Naval Surface Warfare Center submits the 
Final Preliminary Assessment (PA) for the Military Munitions 
Response Program (MMRP) ranges as enclosure (1). Also included 
with the enclosure are two CDs containing the Final PA as wellias 
an interactive map which allows the user to view the spatial data 
used to. prepare the maps for the PA Reports. The permit required 
Certification Statement is provided as enclosure (2). I 

If you require any further ~nformation, my point of contact 
. is Mr. Thomas J. Brent, Code RP3-TB, at 812-854-6160, 
email thomas.brent@navy.mil. 

Sincerely, 

~
"'1- __ .,,£( // . ~ 
::,·"Z~ . /fi~-.;I-, 

JAMES M. HUNSICKER 
Manager, Environmental Protection 
By direction of the Commanding Officer 

Enclosures: 1.' Final MMRP PA Report and CDs 
2. Certification Statement 

Copy to: 
ADMINISTRATIVE RECORD 
SOUTHNAVFACENGCOM (Code ES31) (w/o encl) 
USEPA (Pete Ramanauskas) 



• 

• 

, 

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

~.bI- .u 4w.·)'.· 
SIGNATURE . 

Manager, Environmental Protection 
I 
I TITLE DATE 
I 

Enclosure (2) 



• 

• 

FINAL 
PRELIMINARY ASSESSMENT 
NAVAL SURFACE WARFARE CENTER 
CRANE DIVISION, INDIANA 

April 2005 

Prepared for: 

Naval Surface Warfare Center 
Crane Division 
Naval Facilities Engineering Command 
300 Highway 361 
Building 3260 
Code 095 
Crane, Indiana 47522-5001 

Prepared by: 

MALCOLM PIRNIE, INC. 
300 East Lombard Street, Suite 610 
Baltimore, Maryland 21202 



• 

FINAL 
PRELIMINARY ASSESSMENT 
NAVAL SURFACE WARFARE CENTER 
CRANE DIVISION, INDIANA 

000 Contract Number: N62472-02-D-1300 

Reviewed and Approved by: 

~ ~ (L. -;S~rey R. Bennett, P.E., DEE 
\ Program Officer 

~ 
l Malcolm Pirnie, Inc. 

~ J ~~. Hien Dinh , 
Team Leader 
Malcolm Pirnie, Inc . 

Malcolm Pirnie, Inc. prepared this report at the direction of Engineering Field Activity Northeast. 

This document should be used only with the approval of the Engineering Field Activity 

Northeast. This repOlt is based, in part, on information provided in other documents and is 

subject to the limitations and qualifications presented in the referenced documents. 

April 2005 



• 

• 

FINAL PRELIMINARY ASSESSMENT 

TABLE OF CONTENTS 

ACRONYMS .................................................................................................................................. I 

GLOSSARY OF TERMS ................................... : ....................................................................... 111 

EXECUTIVE SUMMARY ........................................................................................................... 1 

1. INTRODUCTION .......................................................................................................... 1-1 

1.1. PURPOSE ...................................................................................................................... 1-2 
1.2. PROGRAMMATIC FRAMEWORK .......•...................•.•.........••............•.............•.•............ 1-2 
1.3. PROJECT MANAGEMENT ............................................................................................. 1-4 
1.4. PRELIMINARY ASSESSMENT ApPROACH ..•.•.•.•......................•...•........•.•........•.....•....•. 1-4 

2. INSTALLATION BACKGROUND ....•...................••.•...........•..............•...........•...•.•.... 2-1 

2.1. LOCATION AND SETTING ............................................................................................. 2-1 
2.2. INSTALLATION HISTORY ............................................................................................. 2-3 
2.3. MUNITIONS RELATED TRAINING I STORAGE I USAGE ............................................... 2-4 

3. PHYSICAL AND ENVIRONMENTAL CHARACTERISTICS .............................. 3-1 

3.1. CLIMATE ...................................................................................................................... 3-1 
3.2. TOPOGRAPHY .............................................................................................................. 3-1 
3.3. GEOLOGY ..................................................................................................................... 3-1 
3.4. SOIL AND VEGETATION TYPES ....•..........•.........•..................•......•.••...•.........•.............. 3-2 
3.5. HYDROLOGY ................................................................................................................ 3-3 
3.6. HYDROGEOLOGY ......................................................................................................... 3-3 
3.7. CULTURAL AND NATURAL RESOURCES ..•.......•.•....•...........•...............•...........•............ 3-4 
3.8. ENDANGERED AND SPECIAL STATUS SPECIES ..•......•.•...........•.•......•.•.•............•...•.•..•. 3-5 

4. SUMMARY OF DATA COLLECTION EFFORT .................................................... 4-1 

4.1. HISTORICAL ARCHIVE REpOSITORIES (OFF-SITE) ..................................................... 4-1 
4.2. PERSONAL INTERVIEWS .............................................................................................. 4-4 
4.3. ON-SITE DATA REpOSITORIES .................................................................................... 4-6 
4.4. VISUAL SURVEY ........................................................................................................... 4-7 
4.5. OFF-SITE DATA SOURCES ..•...•...........•..........•........•.•.•.•.•............................................ 4-7 

5. SITE CHARACTERISTICS .....•..........•...........•............................................................ 5-1 

5.1. 8-143 DROP TEST .................................................................................................... 5-1 
5.1.1. History and Site Description ........................................... ..................................... 5-1 

5.1.1.1. Topography .................................................................................................. 5-3 
5.1.1.2. Geology ........................................................................................................ 5-3 
5.1 .1. 3. Soil and Vegetation Types ........................................................................... 5-3 
5.1.1.4. Hydrology .................................................................................................... 5-4 
5.1.1.5. Hydrogeology .............................................................................................. 5-4 
5.1.1.6. Cultural and Natural Resources ................................................................... 5-4 
5.1.1.7. Endangered and Special Status Species ....................................................... 5-5 

5.1.2. Visual Survey Observations and Results .............................................................. 5-5 
5.1.3. Munitions and Munitions Related Materials Associated with the Site ................ 5-6 
5.1.4. MEC Presence ..................................................................................................... 5-7 

NSWC Crane, Indiana Final 
April 2005 



FINAL PRELIMINARY ASSESSMENT 

5.1.4.1. Known MEC Areas ...................................................................................... 5-7 
5.1.4.2. Suspected MEC Areas ................................................................................. 5-8 
5.1.4.3. Areas Not Suspected to Contain MEC ......................................................... 5-8 

5.1.5. Ordnance Penetration Estimates ......................................................................... 5-8 
5.1.6. Munitions Constituents ........................................................................................ 5-8 
5.1.7. Contaminant Migration Routes .... ........................................................................ 5-9 
5.1.8. Receptors ........................................................................ .................................... 5-10 

5.1.8.1. Nearby Populations .................................................................................... 5-10 
5.1.8.2. Buildings NearlWithin Site ........................................................................ 5-11 
5.1.8.3. Utilities OnlNear Site ................................................................................. 5-11 

5.1.9. Land Use ......................................................................................... ................... 5-11 
5.1.10. Access Controls / Restrictions ........................................................................... 5-11 
5.1.11. Conceptual Site Model ........................................................................ ............... 5-12 
5.1.12. Summary ............................................................................................................ 5-16 

5.2. 8-2044 DROP TOWER/TEST RAIL ..................................................................... 5-20 
5.2.1. History and Site Description .............................................................................. 5-20 

5.2.1.1. Topography ................................................................................................ 5-21 
5.2.1.2. Geology ...................................................................................................... 5-21 
5.2.1.3. Soil and Vegetation Types ......................................................................... 5-21 
5.2.1.4. Hydrology .................................................................................................. 5-22 
5.2.1.5. Hydrogeology ............................................................................................ 5-22 
5.2.1.6. Cultural and Natural Resources ................................................................. 5-22 
5.2.1.7. Endangered and Special Status Species ..................................................... 5-23 

5.2.2. Visual Survey Observations and Results ............................................................ 5-23 
5.2.3. Munitions and Munitions Related Materials Associated with the Site .............. 5-24 
5.2.4. MEC Presence ................. : ................................................................................. 5-25 

5.2.4.1. Known MEC Areas .................................................................................... 5-25 
5.2.4.2. Suspected MEC Areas ............................................................................... 5-25 
5.2.4.3. Areas Not Suspected to Contain MEC ..... : ................................................. 5-25 

5.2.5. Ordnance Penetration Estimates ....................................................................... 5-25 
5.2.6. Munitions Constituents ...................................................................................... 5-26 
5.2.7. Contaminant Migration Routes .......................................................................... 5-26 
5.2.8. Receptors ........................................................................... ................................. 5-27 

5.2.8.1. Nearby Populations .................................................................................... 5-27 
5.2.8.2. Buildings NearlWithin Site ........................................................................ 5-28 
5.2.8.3. Utilities OnlNear Site ................................................................................. 5-28 

5.2.9. Land Use ............................................................................................................ 5-28 
5.2.10. Access Controls / Restrictions ........................................................................... 5-28 
5.2.11. Conceptual Site Model ....................................................................................... 5-28 
5.2.12. Summary ............................................................................................................ 5-35 

5.3. 8-2930 PROCESS CONTROL AREA ................................................................... 5-39 
5.3.1. History and Site Description .............................................................................. 5-39 

5.3.1.1. Topography ................................................................................................ 5-40 
5.3.1.2. Geology ...................................................................................................... 5-40 
5.3.1.3. Soil and Vegetation Types ......................................................................... 5-40 
5.3.1.4. Hydrology .................................................................................................. 5-41 

NSWC Crane, Indiana 11 Final 
April 2005 

• 

• 

• 



• 

• 

c. 

FINAL PRELIMINARY ASSESSMENT 

5.3.1.5. Hydrogeology .................................. ; ......................................................... 5-41 
5.3.1.6. Cultural and Natural Resources ................................................................. 5-41 
5.3.1.7. Endangered and Special Status Species ..................................................... 5-41 

5.3.2. Visual Survey Observations and Results ............................................... ............. 5-41 
5.3.3. Munitions and Munitions Related Materials Associated with the Site .............. 5-43 
5.3.4. MEC Presence ................................................................................................... 5-43 

5.3.4.1. Known MEC Areas .................................................................................... 5-44 
5.3.4.2. Suspected MEC Areas ............................................................................... 5-44 
5.3.4.3. Areas Not Suspected to Contain MEC. ...................................................... 5-44 

5.3.5. Ordnance Penetration Estimates ....................................................................... 5-44 
5.3.6. Munitions Constituents ...................................................................................... 5-45 
5.3.7. Contaminant Migration Routes ................................................ .......................... 5-45 
5.3.8. Receptors ............................................. ............................................................... 5-45 

5.3.8.1. Nearby Populations .................................................................................... 5-46 
5.3.8.2. Buildings NearlWithin Site ........................................................................ 5-46 
5.3.8.3. Utilities OnlNear Site ................................................................................. 5-46 

5.3.9. Land Use ............................................................................................................ 5-46 
5.3.10. Access Controls / Restrictions ........................................................................... 5-47 
5.3.11. Conceptual Site Model ................................................. ...................................... 5-47 
5.3.12. Summary ............................................................................................................ 5-51 

5.4. PYRO AREA OUTSIDE TEST BURN PAD ......................................................... 5-55 
5.4.1. History and Site Description ........................................... ................................... 5-55 

5.4.1.1. Topography ................................................................................................ 5-56 
5.4.1.2. Geology ...................................................................................................... 5-56 
5.4.1.3. Soil and Vegetation Types ......................................................................... 5-56 
5.4.1.4. Hydrology .......... ~ ....................................................................................... 5-57 
5.4.1.5. Hydrogeology ............................................................................................ 5-57 
5.4.1.6. Cultural and Natural Resources ................................................................. 5-57 
5.4.1.7. Endangered and Special Status Species ..................................................... 5-57 

5.4.2. Visual Survey Observations and Results ............................................................ 5-57 
5.4.3. Munitions and Munitions Related Materials Associated with the Site .............. 5-59 
5.4.4. MEC Presence ................................................................................................... 5-62 

5.4.4.1. Known MEC Areas .................................................................................... 5-63 
5.4.4.2. Suspected MEC Areas ............................................................................... 5-63 
5.4.4.3. Areas Not Suspected to Contain MEC. ...................................................... 5-63 

5.4.5. Ordnance Penetration Estimates ....................................................................... 5-63 
5.4.6. Munitions Constituents ...................................................................................... 5-63 
5.4.7. Contaminant Migration Routes .. ........................................................................ 5-64 
5.4.8. Receptors ............................................. ............................................................... 5-65 

5.4.8.1. Nearby Populations .................................................................................... 5-66 
5.4.8.2. Buildings Near/Within Site ........................................................................ 5-66 
5.4.8.3. Utilities OnlNear Site ................................................................................. 5-66 

5.4.9. Land Use ............................................................................................................ 5-67-
5.4.10. Access Controls / Restrictions ........................................................................... 5-67 
5.4.11. Conceptual Site Model ................................................. ...................................... 5-67 
5.4.12. Summary ............................................................................................................ 5-76 

NSWC Crane, Indiana III Final 
April 2005 



FINAL PRELIMINARY ASSESSMENT 

5.5. TEST PADS ON HILL BEHIND B-198 ................................................................. 5-80 
5.5.1. History and Site Description ........................................................... ; .................. 5-80 

5.5.1.1. Topography ................................................................................................ 5-82 
5.5.1.2. Geology ...................................................................................................... 5-82 
5.5.1.3. Soil and Vegetation Types ......................................................................... 5-82 
5.5.1.4. Hydrology .................................................................................................. 5-82 
5.5.1.5. Hydrogeology ............................................................................................ 5-83 
5.5.1.6. Cultural and Natural Resources ................................................................. 5-83 
5.5.1.7. Endangered and Special Status Species ..................................................... 5-83 

5.5.2. Visual Survey Observations and Results ............................................... ............. 5-83 
5.5.3. Munitions and Munitions Related Materials Associated with the Site .............. 5-85 
5.5.4. MEC Presence ................................................................................................... 5-86 

5.5.4.1. Known MEC Areas ........................ · ............................................................ 5-87 
5.5.4.2. Suspected MEC Areas ............................................................................... 5-87 
5.5.4.3. Areas Not Suspected to Contain MEC ....................................................... 5-87 

5.5.5. Ordnance Penetration Estimates ....................................................................... 5-87 
5.5.6. Munitions Constituents ...................................................................................... 5-87 
5.5.7. Contaminant Migration Routes ................................................ .......................... 5-88 
5.5.8. Receptors ............................................. ............................................................... 5-89 

5.5.8.1. Nearby Populations .................................................................................... 5-89 
5.5.8.2. Buildings NearlWithin Site ........................................................................ 5-90 
5.5.8.3. Utilities OnlNear Site ................................................................................. 5-90 

5.5.9. Land Use .................................................................................. ~ .......................... 5-90 
5.5.10. Access Controls / Restrictions ...................................................... ..................... 5-90 
5.5.11. Conceptual Site Mode!.. ................................................. .................................... 5-91 
5.5.12. Summary .......................................................................................................... 5-101 

APPENDICES 
ApPENDIX A REFERENCES 

ApPENDIX B PROJECT SOURCE DATA- GENERAL 

ApPENDIX C: PROJECT SOURCE DATA - SITE SPECIFIC 

C-I: B-143 Drop Test 
C-2: B-2044 Drop Tower/Test Rail 
C-3: B-2930 Process Control Area 
C-4: Pyro Area Outside Test Burn Pad 
C-5: Test Pads on Hill Behind B-198 

ApPENDIX D: ORDNANCE TECHNICAL DATA SHEETS 

NSWC Crane, Indiana IV Final 
April 2005 

• 

• 

• 



FINAL PRELIMINARY ASSESSMENT 

• 
LIST OF MAPS 

MAP 2.1-1: AREA LOCATION MAP ............................................................................................... 2-2 

MAP 5.1-1: VISUAL SURVEY: B-143 DROP TEST ....................................................................... 5-17 

MAP 5.1-2: RANGE/SITE DETAILS: B-143 DROP TEST ............................................................... 5-18 

MAP 5.1-3: MUNITIONS CHARACTERIZATION: B-143 DROP TEST .............................................. 5-19 

MAP 5.2-1: VISUAL SURVEY: B-2044 DROP TOWER/TEST RAIL ............................................... 5-36 

MAP 5.2-2: RANGE/SITE DETAILS: B-2044 DROP TOWER/TEST RAIL .............................. ~ ......... 5-37 

MAP 5.2-3: MUNITIONS CHARACTERIZATION: B-2044 DROP TOWER/TEST RAIL ...................... 5-38 

MAP 5.3-1: VISUAL SURVEY: B-2930 PROCESS CONTROL AREA .............................................. 5-52 

MAP 5.3-2: RANGE/SITE DETAILS: B-2930 PROCESS CONTROL AREA ....................................... 5-53 

MAp 5.3-3: MUNITIONS CHARACTERIZATION: SITE B-2930 PROCESS CONTROL AREA ............. 5-54 

MAP 5.4-1: VISUAL SURVEY: PYRO AREA OUTSIDE TEST BURN PAD ....................................... 5-77 

MAP 5.4-2: RANGE/SITE DETAILS: PYRO AREA OUTSIDE TEST BURN PAD ............................... 5-78 

MAP 5.4-3: MUNITIONS CHARACTERIZATION: PYRO AREA OUTSIDE TEST BURN PAD .............. 5-79 

MAp 5.5-1: VISUAL SURVEY: TEST PADS ON HILL BEHIND B-198 ........................................... 5-102 

MAP 5.5-2: RANGE/SITE DETAILS: TEST PADS ON HILL BEHIND B-198 .................................... 5-103 

0.'''--, MAP 5.5-3: MUNITIONS CHARACTERIZATION: TEST PADS ON HILL BEHIND B-198 .................. 5-104 

LIST OF FIGURES 

FIGURE 5.1-1: VIEW OF B-143 DROP TEST ................................................................................... 5-1 

FIGURE 5.1-2: SITE OF FORMER B-143 DROP TEST WITH BUILDING B-143 IN BACKGROUND ....... 5-3 

FIGURE 5.1-3: SURVEY TEAM STANDING IN THE CLEARING AT THE B-143 DROP TEST ................. 5-6 

FIGURE 5.2-1 VIEW OF DROP TOWER .......................................................................................... 5-21 

FIGURE 5.2-2: VIEW OF TEST RAIL ............................................................................................. 5-21 

FIGURE 5.2-3: CONCRETE IMPACT PAD OF DROP TOWER ........................................................... 5-23 

FIGURE 5.2-4: B-2044 DROP TOWER/TEST RAIL GRAPHICAL ILLUSTRATION ............................ 5-34 

FIGURE 5.3-1: NORTHEAST SECTION OF AREA AROUND B-2930 ................................................. 5-39 

FIGURE 5.3-2: B-2930 IS THE BLUE BUILDING IN THE LEFT OF PHOTOGRAPH, BEHIND VEHICLE .. 5-42 

FIGURE 5.4-1: VIEW OF THE CONCRETE TESTING BASINS LOCATED INSIDE FENCE ....................... 5-55 

FIGURE 5.4-2: VIEW OF ONE CONCRETE TESTING BASIN IN POOR CONDITION .............................. 5-58 

FIGURE 5.4-3: VIEW OF CONCRETE BASIN WITH STORAGE AREA, DUMPSTERS AND BUILDING 126 IN 

BACKGROUND ..................................................................................................................... 5-59 

NSWC Crane, Indiana v Final 
April 2005 



C
'· 

.-

c. 

FINAL PRELIMINARY ASSESSMENT 

FIGURE 5.4-4: MEC EXPOSURE PATHWAY ANALYSIS ................................................................ 5-73 

FIGURE 5.4-5: MC EXPOSURE PATHWAY ANALySIS .................................................................. 5-74 

FIGURE 5.4-6: PYRO AREA OUTSIDE TEST BURN PAD GRAPHICAL ILLUSTRATION .................... 5-75 

FIGURE 5.5-1: VIEW OF TEST PADS ON HILL BEHIND B-198 ....................................................... 5-80 

FIGURE 5.5-2 1952 AERIAL PHOTOGRAPH ................................................................................... 5-81 

FIGURE 5.5-3 1966 AERIAL PHOTOGRAPH ................................................................................... 5-81 

FIGURE 5.5-4: CONCRETE HOLDING TANK ................................................................................. 5-84 

FIGURE 5.5-5: VIEW OF PLASTIC DRAINAGE PIPING SURROUNDING TEST PADS ............................ 5-85 

FIGURE 5.5-6: MEC EXPOSURE PATHWAY ANALYSIS ................................................................ 5-98 

FIGURE 5.5-7: MC EXPOSURE PATHWAY ANALySIS .................................................................. 5-99 

FIGURE 5.5-8: TEST PADS ON HILL BEHIND B-198 GRAPHICAL ILLUSTRATION ........................ 5-100 

LIST OF TABLES 

TABLE 2.2-1 : HISTORY OF NSWC CRANE .................................................................................... 2-3 

TABLE 3.8.1: SUMMARY OF KNOWN OR POTENTIAL PROTECTED SPECIES ................................... 3-5 

TABLE 5.1-1: CONCEPTUAL SITE MODEL INFORMATION PROFILES-B-143 DROP TEST ........... 5-12 

TABLE 5.2-1: CONCEPTUAL SITE MODEL INFORMATION PROFILES - B-2044 DROP TOWER/TEST 

RAIL .................................................................................................................................... 5-29 

TABLE 5.3-1: CONCEPTUAL SITE MODEL INFORMATION PROFILES - B-2930 PROCESS CONTROL 

AREA .................................................................................................................................. 5-47 

TABLE 5.4-1: CONCEPTUAL SITE MODEL INFORMATION PROFILES - PYRO AREA OUTSIDE TEST 

BURN PAD ........................................................................................................................... 5-68 

TABLE 5.5-1: CONCEPTUAL SITE MODEL INFORMATION PROFILES - TEST PADS ON HILL BEHIND 

B-198 .................................................................................................................................. 5-92 

NSWC Crane, Indiana VI Final 
April 2005 

.' 

• 

• 



• 
bgs 

BRAC 

°C 

CAAA 

CAD 

CD 

CERCLA 

CFR 

CSM 

CWM 

DERP 

DMM 

DoD 

DU 

• EFANE 

EO 

EOD 

OF 

FUDS 

FY 

GIS 

KY 

LANTDIV 

MEC 

MC 

MK 

MRP 

MRP. 

NAVFAC c. NCP 

NSWC Crane, Indiana 

FINAL PRELIMINARY ASSESSMENT 

ACRONYMS 

below ground surface 

Base Realignment and Closure 

Degrees Celsius 

Crane Army Ammunition Activity 

Cartridge Actuated Device 

Compact Disc 

Comprehensive Environmental Response, Compensation and Liability Act 

Code of Federal Regulations 

Conceptual Site Model 

Chemical Warfare Materiel 

Defense Environmental Restoration Program 

Discarded Military Munitions 

Department of Defense 

Depleted Uranium 

Engineering Field Activity Northeast 

Explosive Ordnance 

Explosive Ordnance Disposal 

Degrees Fahrenheit 

Formerly Used Defense Site 

Fiscal Year 

Geographic Information System 

Kentucky 

Atlantic Division 

Munitions and Explosives of Concern 

Munitions Constituents 

Mark 

Munitions Response Program 

Munitions Response Program 

Naval Facilities Engineering Command 

National Contingency Plan 

Final 
April 2005 



NSWC c OE 

OESO 

OTA 

PA 

PAD 

PAO 

POC 

RDX 

RG 

RP 

SARA 

SI 

SWMU 

TNT 

U.S. 

U.S.C. 

USDA 

USACE 

UXO 

USEPA 

WP 

NSWC Crane, Indiana 

FINAL PRELIMINARY ASSESSMENT 

Naval Surface Warfare Center 

Ordnance and Explosives 

Ordnance Explosives Support Office 

Ordnance Test Area 

Preliminary Assessment 

Propellant Actuated Device 

Public Affairs Office 

Point of Contact 

Hexahydro-Trinitro-Triazine 

Record Groups 

Red Phosphorus 

Superfund Amendment and Reauthorization Act 

Site Investigation 

Solid Waste Management Unit 

Trinitrotoluene 

United States 

United States Code 

United States Department of Agriculture 

United States Army Corps of Engineers 

Unexploded Ordnance 

United States Environmental Protection Agency 

White Phosphorus 

II Final 
April 2005 

• 

• 

• 



• 

• 

FINAL PRELIMINARY ASSESSMENT 

GLOSSARY OF TERMS 

Base Realignment and Closure (BRAC) - A Department of Defense (000) program that 

focuses on compliance and cleanup efforts at military installations undergoing closure or re

alignment, as authorized by Congress in four rounds of base closures for 1988, 1991, 1993, and 

1995. (DERP Management Guidance, September, 2001) 

Closed Range - A range that has been taken out of service as a range and that either has been put 

to new uses that are incompatible with range activities or is not considered by the military to be a 

potential range area. A closed range is still under the control of a 000 component. (DERP 

Management Guidance, September, 2001) 

Defense Site - All locations that are or were owned by, leased to, or otherwise possessed or used 

by the 000. The term does not include any operational range, operating storage or 

manufacturing facility, or facility that is used or was permitted for the treatment or disposal of 

military munitions. (10 U.S.C. 2710(e)(1» 

Discarded Military Munitions - Military munitions that have been abandoned without proper 

disposal or removed from storage in a military magazine or other storage area for the purpose of 

disposal. The term does not include unexploded ordnance, military munitions that are being held 

for future use or planned disposal, or military munitions that have been properly disposed of 

consistent with applicable environmental laws and regulations. (10 U.S.c. 2710(e)(2» 

Explosive Ordnance Disposal (EOD) - The detection, identification, field evaluation, rendering 

safe, recovery, and final disposal of unexploded ordnance (UXO). It may also include the 

rendering-safe and/or disposal of EO (explosive ordnance) which has become hazardous by 

damage or deterioration, when disposal of such EO requires techniques, procedures, or equipment 

which exceed the normal requirements for routine disposal. (OPNAVINST 8027.1G, 14 Feb 92) 

Explosives Safety - A condition where operational capability and readiness, personnel, property, 

and the environment are protected from the unacceptable effects of an ammunition or explosives 

mishap. (000 Directive 6055.9 July 1996) 
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Formerly Used Defense Site (FUDS) - Real property that was formerly owned by, leased by, 

possessed by, or otherwise under the jurisdiction of the Secretary of Defense or the Components 

(including governmental entities that are the legal predecessors of DoD or the Components) and 

those real properties where accountability rested with DoD but where activities at the property 

were conducted by contractors (i.e., government-owned, contractor-operated (GOCO) properties) 

that were transferred from DoD control prior to October 17, 1986. The status of a site as a FUDS 

is irrespective of current ownership or current responsibility within the federal government. 

(DERP Management Guidance, September, 2001) 

Munitions Constituents (MC) - Any materials originating from unexploded ordnance, discarded 

military munitions or other military munitions, including explosive and non-explosive materials, 

and emission, degradation, or breakdown elements of such ordnance or munitions. (l0 U.S.C. 

2710 (e)(4» 

Munitions and Explosives of Concern (MEC) - This term, which distinguishes specific 

categories of military munitions that may pose unique explosives safety risks, means: unexploded 

ordnance, discarded military munitions or munitions constituents (e.g., TNT, RDX) present in 

high enough concentrations to pose an explosive hazard. (OUSD(AT &L) 18 December 2003) 

Operational Range - A range that is under the jurisdiction, custody, or control of the Secretary 

of Defense and that is used for range activities, or although not currently being used for range 

activities, that is still considered by the Secretary to be a range and has not been put to a new use 

that is incompatible with range activities. (10 U.S.C. 101 (e)(3» 

Other than Operational Range - Encompasses closed, transferred and transferring ranges. 

Range - A designated land or water area set aside, managed, and used for range activities of the 

DoD. Ranges include firing lines and positions, maneuver areas, firing lanes, test pads, detonation 

pads, impact areas, electronic scoring sites, buffer zones with restricted access and exclusionary 

areas, airspace areas designated for military used in accordance with regulations and procedures 

prescribed by the Administrator of the Federal Aviation Administration. (10 U.S.C. 101 (e)(3» 

Transferred Range - A property formerly used as a military range that is no longer under 

military control and had been leased by the DoD, transferred, or returned from the DoD to 
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another entity, including federal entities. This includes a range that is no longer under military 

control but was used under the terms of a withdrawal, executive order, special-use permit or 

authorization, right-of-way, public land order, or other instrument issued by the federal land 

manager. (DERP Management Guidance, September, 200 I) 

Transferring Range - A range that is proposed to be transferred or returned from the DoD to 

another entity, including federal entities. This includes a range that is used under the terms of a 

withdrawal, executive order, act of Congress, special-use permit or authorization, right-of-way, 

public land order, or other instrument issued by the federal land manager or property owner. An 

operational or closed range will not be considered a "transferring range" until the transfer is 

imminent (generally defined as the transfer date is within 12 months and a receiving entity has 

been notified). (DERP Management Guidance, September, 2001) 

Unexploded Ordnance - Military munitions that have been primed, fused, armed, or otherwise 

prepared for action; have been fired, dropped, launched, projected, or placed in such a manner as 

to constitute a hazard to operations, installations, personnel, or material; and remain unexploded 

either by malfunction, design, or any other cause. (10 U.S.C. 101(e)(5» 
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EXECUTIVE SUMMARY 

The Department of Defense (DoD) has established the Military Munitions Response Program 

under the Defense Environmental Restoration Program (DERP) to address munitions and 

explosives of concern (MEC) [including unexploded ordnance (UXO) and discarded military 

munitions (DMM)] and munitions constituents (MC) at other than operational military ranges and 

other sites. Closed, transferred, and transferring military ranges and sites not located on an 

operational range are considered other than operational. This report addresses other than 

operational ranges and sites at an active installation. It may include transferred ranges and 

munitions disposal sites associated with an active installation if they are not included in Base 

Realignment and Closure (BRAC) or Formerly Used Defense Site (FUDS) programs. 

This report represents a Preliminary Assessment (PA) for the Naval Surface Warfare Center, 

Crane Division (NSWC Crane), Indiana. The DoD, United States Navy, and United States 

Environmental Protection Agency guidance for conducting and documenting PAs were followed 

and tailored, where appropriate, to address the unique aspects of MEC and MC . 

NSWC Crane is located in Martin County in south-central Indiana. NSWC Crane is the third 

largest naval installation in the world encompassing 100 square miles and employing. 

approximately 3,400 Naval employees and 550 Army employees. The installation was originally 

built to prepare, load, renovate, receive, store, and issue all ammunition, including pyrotechnics 

and illuminating projectiles, and to act as a principal source of supply at a most critical time - the 

early days of World War II; however, due to its expertise in engineering and electronics, NSWC 

Crane today is a multi-mission, multi-service product center with both fleet support and industrial 

base missions. 

Based upon archival research and the Navy range inventory, the following land ranges are known 

to have been associated with the installation over the years. 

B-143 Drop Test: This 0.06-acre test area consisted of three pieces: the 40~foot drop tower, the 

concrete drop pad, and test building. The area was used from 1968 to 1980 for testing Mark 

(MK) 118 Mod 0, Rockeye Bomblets. The test area was located adjacent to Building 143. No 
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evidence was observed on the surface indicating MEC at the B-143 Drop Test during the site 

visit. MEC or MC has not been investigated at this site. 

B-2044 Drop TowerlTest Rail: This 0.0 13-acre test area consisted of two areas: the drop tower 

and test rail. The area is grass covered. The area was used from 1951 to 1973 for testing 20-mm 

cartridges at the drop tower and cartridge actuated devices (CADs)/propellant actuated devices 

(PADs) for ejection seat testing at the test rail. The test area was located east of Building 2044. 

No evidence was observed indicating MEC on the surface at the B-2044 Drop TowerlTest Rail 

during the site visit. There is no physical evidence to support MEC presence at the B-2044 Drop 

TowerlTest Rail. MEC or MC has not been investigated at this site. 

B-2930 Process Control Area: This 0.0042-acre test area was located where Building 2930 is 

currently located. The asphalt parking lot behind Building 2930 now covers the test area. The 

test area was used for various pyrotechnics testing such as flares, ignition devices, smoke 

markers, signals, and screening smokes. The test area was used from 1963 through 1968. The 

area' was the major pyrotechnics testing area before the current pyrotechnics testing area set-up. 

No evidence was observed indicating MEC on the surface at B-2930 Process Control Area during 

the site visit. MEC or MC has not been investigated at this site. 

Pyro Area Outside Test Burn Pad: This 0.002-acre test area was used to test pyrotechnics 

behind Building 126. Pyrotechnic testing currently occurs in Building 126, and two open square 

concrete testing basins remain outside where testing occurred. The basins were used for burning 

pyrotechnics and testing from 1984 through 1985. No evidence ofMEC was observed at the site 

during the site visit. MEC or MC has not been investigated at this site. 

Test Pads on hill behind B-198: This O.OI-acre test area was used from 1983 through 1985 for 

the development and testing of safe disposal methods for various types of dyes. Personnel at 

NSWC Crane developed and tested an item constructed of a 2.75-inch warhead that functioned 

through the use of a blasting cap detonating a C-4 booster, which then detonated a Baratol 

imploding charge. The imploding charge sublimed dye pellets that were contained within the 

warhead that formed a colored smoke cloud. Additionally, MI8 smoke grenades were also tested 

at this site. No evidence ofMEC was observed at the site. MEC or MC has not been investigated 

at this site. 
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1. INTRODUCTION 

The Department of Defense (DoD) has established the Military Munitions Response Program 

under the Defense Environmental Restoration Program (DERP) to address munitions and 

explosives of concern (MEC) [including unexploded ordnance (UXO) and discarded military 

munitions (DMM)] and munitions constituents (MC) at other than operational military ranges and 

other sites. Closed, transferred, and transferring military ranges and sites not located on an 

operational range are considered other than operational. This report addresses other than 

operational ranges and sites at an active installation. It may include transferring and/or 

transferred ranges and munitions disposal sites associated with an active installation if they are 

not included in Base Realignment and Closure (BRAC) or Formerly Used Defense Site (FUDS) 

programs. 

The DoD and the United States (U.S.) Navy are currently establishing policy and guidance for 

munitions response actions under the Navy Munitions Response Program (MRP). However, key 

program drivers developed to date conclude that munitions response actions will be conducted 

under the process outlined in the National Contingency Plan (NCP) (40 CFR 300) as authorized 

by the Comprehensive Environmental Response, Compensation, and Liability Act of 1980, 42 

United States Code (U.S.C.) 9605, as amended by the Superfund Amendments and 

Reauthorization Act of 1986 (SARA), Pub. L. 99-499 (hereinafter CERCLA). This report 

represents a Preliminary Assessment (PA) for the Naval Surface Warfare Center, Crane Division 

(NSWC Crane), Indiana, in Martin County. DoD, Navy, and U.S. Environmental Protection 

Agency (USEPA) guidance for conducting and documenting PAs were followed and tailored, 

where appropriate, to address the unique aspects ofMEC and Me. 

This PAis organized into the following sections: 

• Section 1 - Introduction 

• Section 2 - Installation Background 

• Section 3 - Physical and Environmental Characteristics 

• Section 4 - Summary of Data Collection Effort 

• Section 5 - Site Characteristics 
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The following supporting information is appended to this P A: 

• References (Appendix A) 

• Project Source Data - General (Appendix B) 

• Project Source Data - Site Specific (Appendix C) 

• Ordnance Technical Data Sheets (Appendix D) 

An interactive compact disc (CD) is included with the final version of this report. The CD 

includes electronic files of the report text, tables, and figures; appendices; project source data; 

additional site photographs; and maps of the installation and site. 

1.1. Purpose 

This P A summarizes the history of munitions use for the following former ranges at the NSWC 

Crane: B-143 Drop Test, B-2044 Drop Towerrrest Rail, B-2930 Process Control Area, Pyro Area 

Outside Test Burn Pad, and the Test Pads on Hill Behind B-198. The PA provides an assessment 

of the current conditions with respect to MEC and MC. The P A provides the necessary 

information for Navy and regulatory decision makers to: 1) eliminate from further consideration 

those MEC sites that pose minimal or no threat to public health or the environment; 2) 

differentiate MEC sites that may not require further munitions response actions from those that 

will require further investigation and/or munitions response actions; 3) determine if an imminent 

explosives safety hazard from MEC is present that warrants an accelerated response action; and 

4) determine if an imminent hazard from MC to human health and the environment is present and 

warrants an accelerated response action. 

1.2. Programmatic Framework 

The regulatory structure for managing Navy MRP sites is guided 'by a complex mixture of 

federal, state, and local laws, as well as DoD and Navy regulations and guidance, and provides 

the necessary information for Navy decision makers. The key legislation, policy, and guidance 

directing the program includes, but is not limited to, the following: 
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Defense Environmental Restoration Program (DERP) Management Guidance (September 

2001) 

The DERP Management Guidance establishes an MRP element for MEC and MC defense sites. 

The history of the DERP dates back to the SARA of 1986/ . The scope of the DERP is defined in 

10 U.S.C. §2701(b), which states that the: 

Goals of the program shall include the following: ... (1) The identification, 
investigation, research and development, and cleanup of contamination from 
hazardous substances, and pollutants and contaminants. (2) Correction of other 
environmental damage (such as detection and disposal of unexploded ordnance) 
which creates an imminent and substantial endangerment to the public health or 
welfare or to the environment ... 

Draft DoD Directive Military Munitions Response Policy on Other Than Operational 

Ranges 

The DoD Directive is pending review and concurrence from the DoD services. The Draft DoD 

Directive 471S.MRP (September 2003 version) states that munitions response will be "in 

accordance with CERCLA and the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP)". 

National Defense Authorization Act (FY02) (Sections 311-312) 

Sections 311-312 of the National Defense Authorization Act of FY02 reinforced the DoD's 2001 

DERP Management Guidance by tasking the DoD to develop and maintain an inventory of 

defense sites that are known or suspected to contain MEC and Me. Section 311 requires the DoD 

to develop a protocol for prioritizing defense sites for response activities in consultation with the 

states and Tribes. Section 312 requires the DoD to create a separate program element to ensure 

that the DoD can identify and track munitions response funding. 

The September 2001 Management Guidance for the DERP and the Defense Authorization Act 

2002, described above, established the MRP. The DoD provides program guidance and methods 

for conducting a baseline inventory of defense sites containing, or potentially containing, MEC 

and/or Me. The Navy baseline inventory of sites was completed in FY 2002 and was used to 

establish the sites where PAs are needed to further evaluate the potential for MEC and MC. 

SARA was signed into law on October 17.1986. and CERCLA of 1980.42 Us.c. .1"9601 et seq. Related sections in 
Title 10 of the US.c. (10 Us.c. §§2702-2710 and §§2810-2811) fimher define the program. 
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1.3. Project Management 

This PA is being coordinated and managed by the Navy Engineering Field Activity Northeast 

(EF ANE), a component of the Atlantic Division (LANTDIV) of the Naval Facilities Engineering 

Command (NA VF AC). The EF ANE performs engineering functions for Navy installations 

throughout the northeast U.S. and is the Program Manager for this PA. Malcolm Pirnie, Inc. has 

been contracted to prepare this P A. The NA VF AC Southern Division Remedial Project Manager 

and the installation points of contact (POC) for NSWC Crane provided valuable information and 

assistance throughout the PA data collection process. 

1.4. Preliminary Assessment Approach 

CERCLA implementing guidance, which was prepared for sites contaminated with hazardous 

substances, describes the PA as a limited-scope investigation based upon existing and available 

data. However, the guidance also states that the P A process developed under CERCLA is not . 

equally applicable to all sites and all contaminants and that variation from the guidance may be 

necessary. Sites containing MEC are prime examples of sites where the generic CERCLA 

process is incomplete. Unique explosives safety issues associated with MEC cannot be assessed 

solely with the parameters developed for chemical and hazardous waste contaminants. While this 

PA generally follows CERCLA guidance, certain elements of the report have been tailored to 

address the unique explosives safety aspects ofMEC. 

The PA process for each of the sites involves collecting and reviewing existing and available 

information about the site. Data collection activities included off-site and on-site research and 

interviews. It also included a visual survey to assess physical evidence that might indicate the 

presence of MEC (e.g., discarded munitions items, ordnance penetration holes, and scarred trees) 

and MC (e.g., ground scarring, stressed vegetation, chemical residue) at the site. The Malcolm 

Pirnie data collection team conducted the on-site portion of the data collection and visual survey 

on March 18-20, 2003. 

This PA is inclusive and makes use of all available data relating to munitions use at the NSWC 

Crane, including historical records, field data, anecdotal evidence, interviews with site personnel, 

and professional knowledge and experience. It is based, in part, on information provided in 

documents referenced in Appendix A and is subject to the limitations and qualifications presented 

in the referenced documents. 
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2. INSTALLATION BACKGROUND 

The following sections provide general infonnation about NSWC Crane, including its location 

and setting; a brief history of the installation; its missions over time; and a history of munitions 

related training, storage, and usage. 

2.1. Location and Setting 

NSWC Crane covers roughly the northern third of Martin County with a small overlap into 

Greene County to the north and an even smaller overlap into Lawrence County on the east. The 

approximately 63,000-acre base is approximately 37 miles southwest of Bloomington, Indiana, 

and approximately 70 miles southwest of Indianapolis, Indiana. NSWC Crane is situated in a 

rural setting in southwest Indiana. Surrounding towns include Crane Village to the northwest, 

Burns City to the west, and Bedford to the east. An 800-acre lake, Lake Greenwood, is located 

along the north-central portion of the base and serves as the primary water supply for the base. 

Map 2.1-1 depicts the location of all MEC sites on the installation . 
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2.2. Installation History 

NSWC Crane began in 1941 as the Naval Ammunition Depot. Since its inception, NSWC Crane 

has been under four different commands. The Ammunition Quality Evaluation Unit was added in 

1947, which led NSWC Crane into expanded activities, capabilities, and expertise. In 1975, the 

installation name changed to Naval Weapons Support Center, Crane to reflect its true function of 

weapons support. The Crane Army Ammunition Activity (CAAA) was established in 1977 to 

assume the loading, assembly and storage of ammunition at the installation. After merging with 

the Naval Ordnance Station at Louisville, Kentucky (KY), in 1992, the installation received its 

current name: Crane Division, Naval Surface Warfare Center, and continues to be a recognized 

leader in highly technical product lines servicing the Navy. Table 2.2-1 contains a summary of 

NSWC Crane's history. 

Time Period 

Prior to 1795 
1795 - 1940 

1941 

1947 

1950s 

1960s 

1974 

1975 

1977 

1992 

Present 

NSWC Crane, Indiana 

Table 2.2-1: History of NSWC Crane 

Significant Events 

Indian Territory 
Greenville Treaty signed and settlers arrived. The White River Project was 
dedicated in 1939, which provided a state park and restored forest 
productivity. 
Established in 1941 as the Naval Ammunition Depot for the production, 
testing, and storage of ordnance, including pyrotechnics and illuminating 
projectiles, under the command of the Bureau of Ordnance. 
Ammunition Quality Evaluation Unit was added by the Bureau of 
Ordnance to expand the quality control system and establish a laboratory at 
Crane. 
Crane came under command of the Bureau of Weapons and expanded 
activities, capabilities, and expertise to include small arms, sonobouy 
surveillance, microwave tubes, POLARIS missiles, and other engineering 
support. 
Crane came under command of the Naval Ordnance Systems Command 
and began providing technical support for weapons systems. 
Crane came under the Naval Sea Systems Command and Naval Ship 
Systems Command. 
The installation name changed to Naval Weapons Support Center, Crane to 
reflect its true function. 
Establishment of the tenant command CAAA. The CAAA assumed the 
loading, assembly and storage of ammunition at the installation. 
Crane was merged with the Naval Ordnance Station at Louisville, KY to 
form the Crane Division, Naval Surface Warfare Center. 
NSWC Crane serves a modern and sophisticated Navy as a recognized 
leader in highly technical product lines. 
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2.3. Munitions Related Training / Storage / Usage 

During World War II, the Korean Conflict and the Vietnam Conflict, NSWC Crane developed, 

tested, stored, trained with and used all types of Naval munitions including small arms, 

detonators, cartridge actuated devices (CADs), propellant actuated devices (PADs) and various 

pyrotechnics. 
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3. PHYSICAL AND ENVIRONMENTAL CHARACTERISTICS 

The following sections provide general infonnation for NSWC Crane, including its climate; 

topography; geology; soil and vegetation types; hydrology; hydrogeology; cultural and natural 

resources; and endangered and special status species. 

3.1. Climate 

NSWC Crane is located in a temperate climate zone, which has a wide temperature range 

between summer and winter. According to the National Climatic Data Center, the summers are 

wann and humid, and the winters, though generally mild, often have very cold periods of short 

duration. The average minimum temperature in January is 21 degrees Fahrenheit eF), and the 

average maximum temperature is 38°F. The average minimum temperature in July is 66°F, and 

the average maximum temperature is 88°F. Precipitation totals almost 44.3 inches annually, with 

an average rainfall of 3.7 inches per month. Average humidity ranges from 40 to 90 percent in 

summer and 60 to 90 percent in winter. Winds in southwestern Indiana are generally from the 

south-southwest at an average speed of 8.2 miles per hour. The frost line in southern Indiana is 

approximately 2.5 feet below ground surface (bgs). 

3.2. Topography 

The topography of NSWC Crane is composed of flat to gently undulating terrain dissected by 

numerous well-defined drainage ways. Elevation at NSWC Crane ranges from a maximum of 

860 feet in the eastern part to a minimum of 425 feet in the western part of the installation. The 

V -shaped drainages in the north progress to 2,000-foot wide floodplains in the south and rise 

approximately 150 to 200 feet to the ridgelines on slopes of 20 to 30 degrees. Soil erosion could 

occur along the slopes of the drainage paths at NSWC Crane. 

3.3. Geology 

Indiana is a large anticline that plunges to the northwest. Consequently, this large structural 

feature governs the age and type of rocks in Indiana. Some of the youngest rocks are in the 

southwestern comer of the state. The youngest rocks are mostly sandstones and shales with 

minor amounts of limestone and coal. The distribution of rock types is the major control on the 
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physiographic provinces in the south-central part of the state. In the southwestern part of the 

state, the rocks of the Raccoon Creek Group overlie the Mississippian-Pennsylvanian 

Unconformity. This group consists of mostly sandstone and shale with minor amounts of coal, 

limestone, and clay. 

The sedimentary bedrock beneath NSWC Crane dips gently to the west-southwest. The 

inclination of the strata reflects NWSC Crane's location on the eastern flank of the Illinois Basin. 

This section of the basin is comprised of Pennsylvanian and Mississippian strata consisting of 

shale, sandstone, limestone, and coal (Pennsylvanian) beds. The Pennsylvanian Mansfield 

Formation (Raccoon Creek Group) unconformably overlies the Mississippian Stephensport and 

West Baden Groups at the site. 

Rocks of lower Pennsylvania and upper Mississippian Ages underlie the region of Indiana in 

which NSWC Crane is located. With the exception of minor outwash and lacustral deposits in 

the northwest comer of the facility, there are no Pleistocene glacial deposits covering the 

installation. Surface deposits at NSWC Crane consist of recent (Holocene) and Pleistocene 

unconsolidated alluvial silt, sand, and gravel, and residual soils developed from the underlying 

rock. 

3.4. Soil and Vegetation Types 

According to the Soil Survey of Martin County, Indiana, conducted by the U.S. Department of 

Agriculture (USDA), Forest Service, in cooperation with the Indiana Department of Natural 

Resources, Soil and Water Conservation Committee, the primary soil types located in the area of 

the NSWC Crane, Martin County, are various silt loams with a variety of slopes. 

The following silt loams identified within the area are nearly level and/or gently sloping, deep, 

poorly drained, moderately permeable soils that are prone to flooding for varying lengths of time: 

Birds silt loam, Bonnie silt loam, Burnside loam, Haymond silt loam, Johnsburg silt loam, 

Wakeland silt loam, and Wilbur silt loam. Most of these soil types 'are used for cultivated crops, 

grasslands, or woodlands. Frost heave may be associated with these types of soils due to the silty 

fine grain and poorly drained soils 
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Some silt loams located in the area are nearly level and gently sloping, deep, well drained, 

moderately permeable soils: Camden silt loam, Hosmer silt loam, Pike silt loam, Pekin silt loam, 

Wellston silt loam, and Zanesville silt loam. These soil types are well suited to trees, grasses, 

crops, and sites for dwellings. Some are also good for septic tank absorption fields. Even though 

these soils contain fine grains, frost heave may not be a concern since the soils are very well 

drained. 

Soil erosion could occur within all types of soils located at NSWC Crane if located on the higher 

slopes that are along the drainage paths. 

3.5. Hydrology 

NSWC Crane is located within the Lower East Fork White watershed. The East Fork White 

River flows approximately 40 miles southwest before joining the Muscatatuck River, which 

eventually joins the Ohio River. NSWC Crane is located approximately 10 miles northwest of 

the East Fork White River. The surface drainage from Crane has formed a dense, dendritic 

pattern throughout the installation. Six creeks in four drainage basins carry surface water off the 

installation. Drainage from the basin in the extreme eastern part of Crane consists of several 

small drainage ways. The north and northwest drainage basin eventually empties into Furst 

Creek, which flows in a westerly direction and crosses the installation boundary. Rainey Hollow, 

Sulphur Creek, and Little Sulphur Creek drain the eastern basin. The drainage basin occupying 

the central portion of the installation is where Boggs Creek and Turkey Creek receive drainage 

from the industrial area and that portion of the cantonment area south of Roads H43 and H5. 

3.6. Hydrogeology 

Groundwater resources at NSWC Crane have not been studied extensively because the facility 

utilizes surface waters from Lake Greenwood for human consumption, process operations, 

recreation, and several soil·and water conservation ponds. However, the existing lithologies, 

occurrences of springs and seeps, and the well-developed surface drainage indicate the existence 

of groundwater that is hydraulically connected to the surface environment. Available 

groundwater data from the 1940s indicates that limited water is located at 141 and 313 feet bgs, 

with the shallowest water level observed at 85 feet bgs. The groundwater at NSWC Crane 

appears to be divided into two distinct regimes--one associated with the soil cover and one 
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associated with bedrock. The shallow groundwater is probably transient; during periods of 

excessive, prolonged rainfall and during the early spring months, there is probably saturated soil 

and free water above the soil-rock contact. This condition dissipates by percolation into the 

bedrock and into intermittent or perennial streams. The groundwater associated with the bedrock 

is stable and probably fluctuates only a minor amount (less than 10 feet) per year. Possibly more 

than one zone of saturation exists in the bedrock due to the successive beds of sandstone, shale, 

and limestone. The shale beds should be the least permeable of the series and, where underlying 

a permeable sandstone or limestone, would support a saturated or free water zone. These shale 

zones grade laterally to zones of sandstone, so the downward percolating water would be free to 

move continually downward. 

3.7. Cultural and Natural Resources 

On a national level, NSWC Crane is considered historically significant as the pnmary 

ammunition depot for the east coast requirements of the Navy; however, according to the Cultural 

Resources Survey completed in June of 1992, there were no previously identified historic 

resources on the installation, and no buildings or structures were listed in local or state inventories 

or the National Register of Historic Place. The survey did identify a total of nineteen historic or 

prehistoric locations or possible locations, which were recorded on state survey forms. In 

addition, six building locations may have been eligible for listing on the National Register of 

Historic Places. However, according to the Indiana Department of Natural Resources Historic 

Preservation & Archaeology Department, no historical or archaeological sites located at NSWC 

Crane are listed on the National Register of Historic Places or the'state inventory. 

There are at least 14 caves on NSWC Crane, which range in size from small crevices or pits to the 

1,500 feet that have been mapped as the Aunt Liz Cave. Cave exploration is not permitted for 

safety reasons and to prevent disturbances of bats that inhabit some of the caves. 

Twenty-eight cemeteries are located within NSWC Crane's boundaries. The cemeteries range in 

size from single graves to the nearly 700 graves in Salem Cemetery. Many of the early settlers of 

the area are buried in these cemeteries. 

NSWC Crane is vitally concerned with the conservation of the natural environment, both on and 

off the installation. The Navy and the DoD have recognized these efforts with awards for 
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excellence in natural resources management. In 1995 and 1996, NSWC Crane won the Chief of 

Naval Operations Award for the best natural resources program. To share its abundant natural 

beauty with its neighbors, NSWC Crane has opened its 800-acre Lake Greenwood to the public 

for fishing and boating. 

NSWC Crane provides stewardship to over 63,000 acres ofland, of which about 49,000 acres are 

forested. This is the largest forested tract of land in Indiana under a single ownership. It has been 

and, hopefully, will continue to be an important part ofthe Indiana ecosystem. 

The NSWC Crane forest has been important to the re-establishment of deer, turkey, ruffed grouse 

and eagles in Indiana. Wildlife research is conducted at NSWC Crane by both Purdue University 

and Indiana University to observe species, number, and overall condition of the wildlife located at 

NSWC Crane. The timber is managed and harvested at NSWC Crane to provide financial means 

for the installation and associated counties. 

3.8. Endangered and Special Status Species 

According to NSWC Crane's Natural Resources Guide, protected species that are known or have 

the potential to inhabit NSWC Crane are listed in the following Table 3.8.l: 

Table 3.8.1: Summary of Known or Potential Protected Species 

Ecological Receptors 

Federal Endangered 

Federal Threatened 

State Endangered 

State Threatened 

Other Ecological Receptors 

NSWC Crane, Indiana 

Species 

Indiana Bat (Myotis sodalis) 

Bald eagle (Haliaeetus leucocephalus) 

Bobcat, osprey, yellow-crowned night heron, timber 
, 

rattlesnake 

Bald eagle (Haliaeetus leucocephalus) 

• Approximately 20 species of amphibians 

including the bullfrog, spotted salamander and 

• 

• 

gray treefrog 

Over 100 species of birds including the wood 

duck, barn swallow and marsh hawk 

Approximately 30 species of 

3-5 

mammals 
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including the white-tailed deer, coyote, raccoon, 

cottontail rabbit and wild turkey 

• Over 45 species of fish including bluegill, 

crappie, largemouth bass and channel catfish 

• Approximately 20 species of reptiles including 

the snapping turtle, northern copperhead, and 

eastern spiny softshell turtle 

• Giant Canadian Geese 

• Ginseng 

• Grouse 

• Several types of edible mushrooms 
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4. SUMMARY OF DATA COLLECTION EFFORT 

Five primary sources of information were researched as part of the data collection effort for the 

P A. The sources of data included: 

1) Historical archives; 

2) Personal interviews; 

3) Installation data repositories; 

4) Visual survey; and 

5) Off-site data sources and repositories, such as local libraries and museums. 

These five sources of data are discussed below, along with their relative application to this P A. 

4.1. Historical Archive Repositories (off-site) 

The data collection team reviewed archival records located at the National Archives in College 

Park, Maryland, and in Washington, D.C., as well as the regional branches located in Philadelphia 

and New York City. The data collection team researched the following records and record groups 

(RG) for documents relating to munitions usage at NSWC Crane. Records marked with an 

asterisk (*) indicate boxes where pertinent information was identified and photocopied for use in 

the PA. 

Textual Records: 

RG 71, Bureau of Yards and Docks 

Entry 12, General Correspondence, 1917-1925 

Entry 13, General Correspondence re: Shore Establishments, 1916-1925 

Entry 17, Index to General Correspondence, 1917-1925 

Entry 21, Index to General Correspondence, 1925-1942 

Entry 74, Blueprints of Naval Bases, 1940-1942 

Entry 75, Drawings, 1898-1939, VoU, Vol.2, Box 1 * 

RG 72, Bureau of Aeronautics 

Entry 62, General Correspondence, 1925-1942, Boxes 2797, 3842, 3843, 3844, 3845, 

3920,4014,4019,4020,4036 

Confidential Correspondence, 1922-1944, Box 1209 
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Entry 62-B, General Correspondence 

1943-45, Boxes 2933, 2978, 2996, 3000, 3010, 3050, 3066*, 3078, 3385*,3475 

1946, Boxes 333, 416, 417, 418*, 419-426, 427*, 433, 436*, 437-438, 488*, 495, 503, 

506,509,512,513, 

1947, Boxes 318, 363, 364,365,366*,379*,380,405,421,426*,4 30,431,434, 

1948-1949, Boxes 371, 377*, 378*, 379,430 

1950, Box 199 

1951, Boxes 163-164 

1953, Boxes 242-243 

1955, Boxes 193-194 

1956, Boxes 184-185 

1957, Boxes 192-193 

1958, Box 147 

RG 74, Bureau of Ordnance 

Entry 25, General Correspondence, 1912-1926, Box 277*, 2317, 2318, 3087, 3093, 

3112*,3113*,3142 

Entry 25, General Correspondence, 1926-1944, Boxes 751, 754, 758*, 771, 777, 786, 

787, 788*, 789*, 1060, 1078*, 1652 

Entry 25-C, General Correspondence, Confidential, 1926-1939, Boxes 76, 638,103 

Entry 25-E, General Correspondence, Confidential, 1940-1942, Boxes 183, 192* 

Entry 33, Index to General Correspondence, 1914-1926, Boxes 24,33 

General Correspondence, 1912-1926, Box 277*,3112*,3113* 

Entry 33, Index to General Correspondence, 1926-1943, Boxes 21, 27 

Entryl00l, General Correspondence, 1907-1949, Boxes 8, 10, 11, 13, 14,25,26,35-37, 

51,61,62, 70*, 88, 101, 105, 106 

Entry 1003 A-B, General Correspondence, 1948-1959, Boxes 584, 587 

Construction and Procurement Files 

1945, Boxes 1077*, 1190*, 1209*, 1220*, 1222, 1256*, 1257*, 1264, 1265, 1284*, 1285, 

1390-1393, 1443*, 1444*, 1445*, 1446*, 1488*, 1489*, 1519-1539, 1600, 1643-1645, 

1695-1696 

1946, Boxes 193,253*,258,265,266,280,282,289,349*,350*,366*, 379*, 380*, 

381*,382*,383*,384*,385*,386*,434*,435 
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1947,Boxes 129, 188*, 199,210*,211,263-265,279*,280,288,289*,290*,291*,292, 

330-331 

RG 80, Secretary of the Navy 

Entry 13, Spindle File, Letters Sent, 1918-1942, Boxes 115-118,309,352-353,371-372 

Entry 19, General Correspondence, 1897-1915, Boxes 1239-1241 

Entry 19, General File, 1897-1926, #26395, 27280, 27812, 28332 

Entry 22, General Correspondence, 1916-1926, Boxes 379, 680*, 681 *, 682*, 1605, 

1800,1808,1878*,1879-1882,2022,2159,2255* 

Entry 22, General Correspondence, 1926-1940, Boxes 90, 

Entry 22, General Correspondence, 1926-1944, Boxes 3071-3072,3260 

General Correspondence, 1940-1942, Box 833 

Entry 130, Alphabetical File of the Assistant Secretary, 1921-1940, Box 4 

Microfilm 1067, Index to General Correspondence of Secretary of Navy, 1930-1942, 

Rolls 29,38,63,66,90, 157 

Microfilm 1052, General and Special Indexes to General Correspondence of Secretary of 

Navy, 1897-1926, Rolls 12, 13, 15,24,35,36,49,62,83, 100, 116, 119 

RG 71, Bureau of Yards and Docks 

Naval Property Case Files, Boxes 442, 443*, 444-450, 451 *,452 

Unprocessed Naval Property Case Files, Boxes 31, 40 

RG 72, Bureau of Aeronautics: [NT1-18] 

Entry 62-B, General Correspondence, 1943-45, Boxes 2933, 2978, 2996, 3010, 3050, 

3078,3475 

Entry 67, Confidential General Correspondence, 1922-1944, Box 1209 

RG 74, Bureau of Ordnance 

Entry 1001, General Correspondence, 1907-1949, Boxes 8,10,11,13,14,25,26,35-37, 

51,61,62,70*,88,101,105,106 

Entry 1003 A-B, General Correspondence, 1948-1959, boxes 584, 587 

Entry 1529, Construction and Procurement Subject Files, 1945, Boxes 1519-1524, 1525*, 

1526-1528,1529*,1530-1532,1533*,1534-1539 

Entry 4444, Construction and Procurement Subject Files, 1946, Box 379*, 380*, 381 *, 

382* 
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Entry 1529, Construction and Procurement Subject Files, 1947, Boxes 289-291 

Cartographic Records: 

RG 71, Bureau of Yards and Docks 

Maps for facility 903, codes I, 2, 3, 15, 16, 32, 34, 42, 44-48 

Series I microfilm, Roll 649.4* 

RG 385, Naval Facilities Engineering Command, 1917-1989 

Architectural and Engineering Plans, Boxes 223*, 224, 225*, 226*, 227, 228, 229, 230* 

4.2. Personal Interviews 

The data collection team visited the following offices located at NSWC Crane to interview 

representatives and research records related to the munitions/ordnance usage at the installation: 

Environmental Department 

Public Works Department 

Geographic Information Systems (GIS) Department 

Explosive Ordnance Disposal (EOD) 

Ordnance Test Group 

Explosive Safety Office 

Base Historian Office 

Public Affairs Office (PAO) 

Pyrotechnics Development Department 

According to the personnel located at the installation, most people having specific knowledge 

regarding munitions activities at the sites identified within this report are either deceased or 

retired and un-locatable. The data collection team attempted to locate these individuals; however, 

none were found. A summary of the personnel interviewed and general information obtained 

from each office is presented below. 

Environmental Department - The data collection team interviewed the Environmental 

Protection Specialist, Mr. Phil Keith. Mr. Keith has been employed at NSWC Crane for 19 years. 

He provided the team access to current installation maps along with various other environmental 

NSWC Crane, Indiana 4-4 Final 
April 2005 

• 

• 

• 



• 

• 

FINAL PRELIMINARY ASSESSMENT 

infonnation pertaining to areas within the installation. Mr. Keith also provided the team with a 

file that contained infonnation pertaining to the testing that was conducted at the Test Pads on 

Hill Behind B-198. The file contained a document entitled "Special Job Procedure for testing of 

2.75 -Inch Warhead at Test Site Behind Building 198". The project was to test newly developed 

2.75-inch colored target markers. The file also contained military specifications for the dye 

materials that were being tested. In addition to this testing, the file indicated that M 18 Smoke 

Hand Grenades were also simultaneously tested at the site. Mr. Keith was the POC for the Navy 

range inventory and the data collection portion of the P A. 

Public Works and GIS Department - The data collection team interviewed the Environmental 

Protection Specialist, Mr. Thomas Brent. Mr. Brent has been employed at NSWC Crane for 

approximately 15 years. He provided the team access to various environmental documents and 

studies conducted throughout various areas of installation. Mr. Brent provided the team with 

electronic map files for the installation. 

EOD - The data collection team interviewed Lieutenant Ron Zitzman. Lt. Zitzman, EOD 

Officer-in-Charge, has been stationed at NSWC Crane for 18 months. He provided the 

investigating team with several binders of EOD response records from fiscal years 2000 to 2003. 

However, these EOD response records did not provide any specific infonnation related to the 

sites identified in this P A or any records of munitions/ordnance usage at the sites. 

Ordnance Test Group - The data collection team interviewed Mr. Steve Schantz who had some 

knowledge of munitions/ordnance usage at the sites. Mr. Schantz is the Range Safety Officer at 

NSWC Crane and has been employed for numerous years. Site specific infonnation received 

from Mr. Schantz is contained in the associated site sections of this report. 

Explosive Safety Office - The data collection team interviewed the Explosive Safety Officer, 

Ms. Linda Stoll. She did not have any specific infonnation related to the sites identified in this 

PA or any records of munitions/ordnance usage at the sites. 

Base Historian Office - The data collection team interviewed the Base Historian, Mr. John 

Allen. Mr. Allen was born and raised in the area surrounding NSWC Crane and has been 

employed in a variety of positions at NSWC Crane for approximately the past 60 years. He 

provided the team with historical summaries and other useful infonnation regarding the history of 
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NSWC Crane; however, he did not have any specific information regarding the types of 

munitions activities conducted at the sites. 

PAO - The data collection team spoke with Ms. Sue Webster who oversees PAO at NSWC 

Crane. She did not have any specific information related to the sites or any records of 

munitions/ordnance usage at the site. 

Pyrotechnics Development Department - The data collection team spoke with Dr. Bernie 

Douda, an engineer employed at NSWC Crane for over 50 years, regarding munitions/ordnance 

usage at the sites. Site specific information received from Dr. Douda is contained in the 

associated site sections of this report. 

In addition to the offices listed above, the data collection team also interviewed individuals with 

. knowledge regarding particular sites. Mr. Steve Shouse and Mr. John Brummett were 

interviewed to obtain information regarding the B-143 Drop Tower site. Mr. Shouse is currently 

an Engineering Technician at NSWC Crane, and Mr. Brummett is an employee in the Public 

Works Department. Site specific information received from these individuals is contained in the 

associated site sections of this report. 

4.3. On-Site Data Repositories 

There is no central data repository, such as a library or museum, located at the NSWC Crane 

except for continuing EOD response records; however, these records did not contain any 

information on explosive/munitions usage occurring at the site. 

The base historian provided the data collection team with a copy of the book written by Mr. 

Robert L. Reid and Mr. Thomas E. Rodgers, entitled A Good Neighbor: The First Fifty Years at 

Crane 1941-1991. This book provided historical information pertaining to the installation. 

A copy of the Preliminary ReviewNisual Site Inspection Report was received from the 

Environmental Department to provide information pertaining to the environmental setting at the 

installation. 
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Various email correspondence relating to information regarding the sites was also received from 

the Environmental Department. 

4.4. Visual Survey 

The data collection team conducted a visual survey of each sitelrange as part of the data 

collection effort for the P A. The purpose of the visual survey was to identify any MEC related 

materials (e.g., expended rounds, fragmentation, range debris, old targets), any evidence of MC 

(such as ground scarring, stressed vegetation, or chemical residue) and/or surface features that 

could provide additional information to aid in the characterization of the site. The visual survey 

was also used to enhance, augment, or confirm the archival data and, in some cases, provide new 

data to the team. The sites identified in this P A were relatively small in acreage; therefore, 100% 

of the sites were visually surveyed unless otherwise identified in the respective site section. 

4.5. Off-Site Data Sources 

The data collection team contacted the following libraries and historical societies to obtain 

additional historical information regarding the site; however, no information was obtained 

pertaining to the identified sites. 

Indiana Historical Society 

Indiana State Library 

Bedford Public Library 

Bloomfield Library 

Shoals Public Library 

Martin County Historical Society 

In addition, the data collection team reviewed archival records located at the Ordnance 

Explosives Support Office (OESO) Library at NSWC Indian Head, Maryland. OESO provides 

Navy-wide environmental program support for ordnance and munitions. The data collection team 

researched the files available for NSWC Crane, and the following sources were of value to this 

PA: 

Textual Records: 

Proposed Development Plan for Station, December 21, 1940 

Chief of Bureau of Yards & Docks, July 14, 1941 indicating revisions of boundary lines. 

NSWC Crane, Indiana 4-7 Final 
April 2005 



c ... 

Maps: 

FINAL PRELIMINARY ASSESSMENT 

Installation Assessment ofNWSC Crane, Indiana, March 1978. 

Cultural Resources Survey, Crane Division NSWC, Crane, Indiana, June 1992. 

Environmental Impact Assessment, for Open BurninglDetonation of Waste 

Munitions/Propellant, August 1975. 

Records Research On-Site Survey by OESO and the Army Records Research, Pollution 

Control Program, 1971. 

List ofItems to be Tested at: Ordnance Test Area, Rocket Range, B-198 R&D Test Area. 

Geology and Hydrology Study for the Ammunition Burning Grounds October 1987. 

Preliminary ReviewNisual Site Inspection Report of Naval Weapons Support Center, 

Crane, Indiana. March 1987. 

NWSC Crane, Indiana, General Development Map, updated April 1974. 

U.S. Naval Ammunition Depot Crane, Indiana, Production Areas Map. 

The data collection team researched environmental information such as soil and endangered 

species information pertaining to the installation from the U.S. Department of Fish & Wildlife 

and the USDA. Historical and other environmental information was researched using the 

Internet. A complete list of Internet sources can be found in Appendix A. 
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5. SITE CHARACTERISTICS 

The following sections provide site specific information about each of the sites located on NSWC 

Crane, including history and site description; land use; access controls and restrictions; visual 

survey observation and results; contaminant migration routes; and receptors. 

5.1. B-143 DROP TEST 

5.1.1. History and Site Description 

The B-143 Drop Test is located in the central-western portion of NSWC Crane as shown in Map 

2.1-1. The test area is southeast of Building 143 and north of Highway 45 in the Loading and 

Filling Area ofNSWC Crane. The B-143 Drop Test is approximately 0.06-acres. The size of the 

test area was estimated based on the visual survey of the site. The footprint of the test area, as 

described by Mr. Shouse, an Engineering Technician at NSWC Crane, was mapped during the 

site reconnaissance, and the mapped area was used to establish the 0.06-acre area indicated on 

Map 5.1-1: Visual Survey: B-143 Drop 

Test. This area differs from the 0.08-

acres identified in the Navy Range 

Inventory. The 0.06-acre size of the B-

143 Drop Test is used in this PA because 

it was field verified. The B-143 Drop 

Test is within a stand of trees south of 

Building 143, as shown in Figure 5.1-1. 

The site is separated from Building 143 

by a grass area and small parking lot. 

Figure 5.1-1: View ofB-143 Drop Test 

Mr. Shouse took part in the training at the B-143 Drop Test and was able to describe the training 

procedures. Mr. Brummett also provided a brief history of the site. In addition, the Range Safety 

Officer, Mr. Schantz, had some knowledge ofmunitions/ordnance usage at the B-143 Drop Test. 

Mr. Schantz stated that the B-143 Drop Test was used to test Mark (MK) 118 Mod 0, Rockeye 

Bomblets. Mr. Keith provided copies of correspondence regarding the historic use of the B-143 
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Drop Test. Mr. Brent indicated that the B-143 Drop Test is in the same general area as Solid 

Waste Management Unit (SWMU) 18/13, Loading and Filling Area Buildings. He indicated that 

they hope to investigate the B-143 Drop Test when SWMU 18/13 is investigated; however, no 

investigations have been conducted to date. 

According to interviews with site personnel, the B-143 Drop Test was used from 1968 to 1980 for 

testing MK 118 Mod 0, Rockeye Bomblets. The test area consisted of three pieces: the 40-foot 

drop tower, the concrete drop pad, and the test building. The test building was approximately 15 

feet square, and the smaller concrete drop pad was located adjacent to the building. The Rockeye 

Bomblets were pre-armed, and a vacuum tube was used to raise the bomblets to the top of the 

drop tower. The bomb lets were then released from the vacuum tube. The concrete drop pad 

served as the impact area. All ordnance was removed after testing, with the exception of duds. 

According to Mr. Shouse, if a dud was encountered, testing ceased and EOD was contacted. 

There are no records of EOD responses for testing at the B-143 Drop Test; however, Mr. Shouse 

indicated that EOD was rarely needed. Testing stopped at the B-143 Drop Test in 1980 when the 

tower was relocated to the current OT A. Mr. Allen, base historian, indicated that the test facility 

closed because it had problems and needed repairs. No records were available indicating the 

specific problems or repairs needed. The test building and concrete drop pad were subsequently 

removed. There were no records to indicate when the test building and concrete drop pad were 

removed. The only evidence that remains of the test area is a slight depression in the vicinity of 

the former drop tower, concrete drop pad, and building. According to Mr. Shouse, the depression 

was created when the drop tower, concrete drop pad, and building were removed. Figure 5.1-2 

shows the depression in the center of the trees. 
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Figure 5.1-2: Site of former B-143 Drop Test with Building B-143 in background 

5.1.1.1. Topography 

The B-143 Drop Test is located in the central-western portion of NSWC Crane. The site is 

located at the top of a ridge, which slopes to the southeast. The elevation of the site is 

approximately 650 feet, and the elevation at the base of the ridge is approximately 600 feet. 

Highway 45 and an un-named tributary to Boggs Creek are located at the base of the ridge. 

5.1.1.2.Geology 

There are no wells directly on the B-143 Drop Test; therefore, the specific geology of the site is 

unknown. A description of the regional geology can be found in Section 3.3 . 

5.1.1.3.Soil and Vegetation Types 

The B-143 Drop Test is a lightly wooded area with young trees and sparse undergrowth, and leaf 

litter covers the site. The area between the site and Building 143 is grass covered; the remaining 

areas surrounding the site are wooded. 
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According to the Martin County Soil Survey, the Zanesville-Udorthents complex with two to six 

percent slopes (ZnB) is present at the B-143 Drop Test. These gently sloping, shallow to deep, 

well drained and moderately well drained soils are on the tops of ridges in the uplands. They are 

about 48 percent Zanesville soil and 42 percent Udorthents. The Zanesville soil and Udorthents 

soil occur as areas so intricately mixed that mapping them separately is not practical. The 

Zanesville soil has a moderate available water capacity, and the Udorthents soil has moderate 

permeability and available water capacity. Most areas of these soils are used as woodland, and 

some are used as grassland. Erosion and runoff are possible if cultivated crops are grown; 

however, the B-143 Drop Test is forested, so the site is less prone to erosion. The frost line in 

southern Indiana is approximately 2.5 feet bgs. Even though these soils contain fine grains, frost 

heave may not be a concern since the soils are very well drained. 

5.1.1.4.Hydrology 

The B-143 Drop Test is in the central drainage basin. Surface water runoff from the B-143 Drop 

Test drains into an un-named tributary approximately 500 feet south of the site. The un-named 

tributary empties into Boggs Creek. Boggs Creek eventually empties into the East Fork of the 

White River south ofNSWC Crane. 

5.1.1.5.Hydrogeology 

There are no wells directly on the B-143 Drop Test; therefore, the specific hydrogeology of the 

site is unknown. A description of the regional hydrogeology can be found in Section 3.6. 

5.1.1.6.Cultural and Natural Resources 

Although the potential for cultural resources exists for the area in which the site is located, there 

have not been any archeological or cultural sites identified near the site. No records were found 

identifying specific cultural resources at the B-l43 Drop Test in the Cultural Resources Survey 

from June 1992, nor were any sites identified on the Indiana Register of Historic Sites and 

Structures (State Register) or the National Register of Historic Places. No records identifying 

specific uses of the natural resources at the B-143 Drop Test were identified. 
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5.1.1.7.Endangered and Special Status Species 

Threatened and endangered species for NSWC Crane are presented in Section 3.8. No evidence 

was found indicating the presence of the species listed at the B-143 Drop Test. 

5.1.2. Visual Survey Observations and Results 

A visual survey of the B-143 Drop Test was conducted on March 18,2003. The Malcolm Pimie 

survey team included Ms. Denise Tegtmeyer, Mr. Svend Egholm, Mr. Bill Walenius, and Mr. 

Brummett of NSWC Crane. The survey team also included Mr. Shouse who took part in the 

training at the B-143 Drop Test and was able to describe the testing procedures and site set-up. 

The survey team was able to walk 100% of the area. The footprint of the test area, as described 

by Mr. Shouse, was mapped during the site reconnaissance. The site was mapped by walking a 

perimeter of the site as described by Mr. Shouse. The total area surveyed by the team was 

approximately 0.06 acres. The area covered is shown in Map 5.1-1. 

According to Mr. Shouse, the B-143 Drop Test consisted of three pieces: the 40-foot drop tower, 

the concrete drop pad, and the test building. The only evidence that remains of the test area is a 

slight depression in the vicinity of the former drop tower, concrete drop pad, and building. 

According to Mr. Shouse, the depression was created when the drop tower, concrete pad, and 

building were removed. At the time of the site visit, the depression was covered with fallen 

leaves. The depression is located in a clearing at the center of a lightly wooded area with young 

trees and sparse undergrowth (Figure 5.1-3). No other evidence of the former building and drop 

test impact area was present. During the site visit, no evidence of munitions testing was observed 

at the site, and no evidence of MEC remaining at the site was identified . 
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Figure 5.1-3: Survey team standing in the clearing at the B-143 Drop Test. 

A visual depiction of the site reconnaissance is provided on located at the end of Section 5.1 . 

Additional range/site details are illustrated on Map 5.1-2 also located at the end of Section 5.1. 

5.1.3. Munitions and Munitions Related Materials Associated with 
the Site 

This section describes the munitions or munitions related materials known or suspected to be at 

the site, including the types and estimated maximum penetration depths. This includes both MEC 

and non-hazardous munitions related scrap (e.g., fragmentation, base plates, inert mortar fins) . 

According to interviews with installation personnel, only U.S. Bomb, Antitank, MK 118 Mod 0, 

also referred to as Rockeye Bomblets, were used at the B-143 Drop Test. The data collection 

team was unable to locate specific records of the quantities of munitions tested at the former B-

143 Drop Test. 

The MK 118 Rockeye Bomblets, Mod. 0 are submunitions. Submunitions are defined as any 

ordnance dispensed from a larger carrier, such as a projectile, rocket warhead, or a dispenser 

dropped from aircraft. The Rockeye Bomblets would be dropped from a dispenser, such as the 

U.S . Dispenser, Air-Launched, Free-Fall, MK 7 Mods 2, 3, 4, and 6. The main charge in the 
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Rockeye Bomblets is 170 grams of Octol or 181 grams of Composition B, and the booster is 5 

grams of tetry1. The base fuze element is less than 1 gram of lead azide. 

An inert bomblet, containing a live fuze but no main explosive charge, is used for reliability 

testing and establishing delivery tactics. It is assumed that only inert bombs with live fuzes were 

tested at the B-143 Drop Test. This assumption is based on the following: 1) the close proximity 

of Buildings 143, 99, 100, 186, and 2870 (approximately 35 meters); 2) the use of a concrete pad 

as an impact area; and 3) interviews with site personne1. The fragmentation zone, for a MKl18 

inert bomblet with a live fuze containing less than one gram of explosives is 163-meters in 

diameter. The fragmentation radius is based on the minimal fragmentation distance for up to a 

half pound of explosives. MEC and MC are not expected in the fragmentation radius. The 

fragmentation radius is indicated on Map 5.1-2. 

Based on the information obtained during the data collection process, no special consideration 

munitions [Chemical warfare materiel (CWM) filled munitions, electrically fuzed munitions, 

depleted uranium (DU) associated munitions] are known or suspected to have been used at the 

site; therefore, the B-143 Drop Test is not suspected to contain special consideration MEC . 

Additional technical information about this ordnance type is included in Appendix D. 

5.1.4. MEC Presence 

The entire site has been subdivided and categorized into one of three levels of MEC presence 

including: Known MEC Areas, Suspect MEC Areas, and Areas where No Evidence exists to 

indicate that MEC is known or is suspected to be at the site. The MEC presence is discussed 

below. 

Map 5.l-3 illustrates the munitions characterization of the B-143 Drop Test and is provided at the 

end of Section 5.1. 

S.1.4.1.Known MEC Areas 

There are no known MEC areas associated with the site . 
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5.1.4.2.Suspected MEC Areas 

There are no areas at the 8-143 Drop Test suspected to contain MEC. 

5.1.4.3.Areas Not Suspected to Contain MEC 

The entire 0.06-acre B-143 Drop Test is a not suspected to contain MEC. The fragmentation 

zone, 163-meter diameter, for the drop tower is not a suspected MEC area based on the 

procedures at the site during testing and the results of the visual survey. Map 5.1-3 illustrates the 

Not Suspect MEC Area associated with the B-143 Drop Test. 

5.1.5. Ordnance Penetration Estimates 

The depth to which munitions penetrate below the ground surface depends on many factors, 

including the type of soil, the angle of impact, the size of the munitions, the velocity at impact, 

and site specific environmental conditions. Over the years, the DoD has studied and modeled 

munitions penetration depths and has issued various guidance and technical documents on the 

subject. For the purposes of the PA, maximum probable penetration depths are estimated 

following guidance listed in the latest draft (July 2002) of the DoD Directive on Explosives 

Safety issued by the DoD Explosives Safety Board [DoD Directive 6055.9 (DoD Ammunition and 

Explosives Safety Standards)]. The Directive refers to TM 5.855.1 andNAVFAC P-1080. 

Since the Rockeye Bomblets were dropped on a concrete pad, it is not expected that they 

penetrated the soil. No records were discovered that indicate whether or not any Rockeye 

Bomblets missed the concrete pad and impacted the adjacent soil. 

5.1.6. Munitions Constituents 

MC associated with the type of munitions known to have been used at the B-143 Drop Test 

include minimal amounts of metals, Octol, and Composition B. Heavy metals would be present 

in the Rockeye Bomblet casing, and the Octol or Composition B would be present in the 

explosive component of the Rockeye Bomblet. The booster is 5 grams of tetryl, and the base fuze 

element is less than 1 gram of lead azide. Octol is a mix of Cyclotetramethylenetetranitramine 

(75%) and Trinitrotoluene (TNT) (25%). It is a solid buff colored, castable explosive used in 

high explosive shells and as the filler for bombs. Composition B is a mixture of Hexahydro-
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Trinitro-Triazine (RDX), TNT, and beeswax. Composition B contains 60% RDX and 40% TNT, 

exclusive of wax. Composition B is an authorized filler for Navy standard aircraft bombs, mines, 

torpedoes, antitank artillery shells, demolition charges, and in rockets. 

MC has not been investigated at this site. However, MC are not anticipated to be present at the 

site due to the minimal amounts of MC associated with the munitions used at the B-143 Drop 

Test. MC at the site is also limited because the concrete pad was removed from the site, and the 

MC would have been concentrated on the concrete pad. 

5.1. 7. Contaminant Migration Routes 

Studies have shown that ordnance can migrate due to environmental factors, such as frost heave 

or erosion. The Rockeye bomblets that were tested at the site were dropped on a concrete pad, so 

the majority of MEC and MC would have been concentrated on the concrete pad. The concrete 

pad has been removed from the site.. If MEC were present at the site, it would only be located 

within surface soils (less than two feet bgs), which is above the frost heave line at the site. 

Therefore, it is unlikely that the MEC would migrate into the subsurface. 

The quantity of tetryl that is present in the booster of the Ml18 is only about 5 gram. This 

amount is very small and about 99.9% of this amount is consumed in the blast during the test. 

The chances are that any tetryl will remain on site is extremely low. Finally, according to 

Agency for Toxic Substances and Disease Registry (ATSDR), the 1995 toxicological profile for 

tetryl are: tetryl may be release into the air, water, and soil when explosive are destroyed by 

exploding; it is not likely to evaporate from water or soil; it does not move easily from soil to 

ground water; and tetryl does break down rapidly in sunlit rivers and lakes, but much more slowly 

in ground water. 

If MC are present at the site, they would migrate via soil and groundwater. If MC remains at the 

site, it would be present in the surface soil. Since the soils present at the site are well drained and 

moderately well drained soils, contaminants could leach from the soil to the groundwater. Even 

though these soils contain fin~ grains, frost heave may not be a concern since the soils are very 

well drained. Since the depth to groundwater and groundwater flow paths at the site are 

unknown, the specific contaminant migration route for MC in the groundwater is unknown. 
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Surface water is not considered a contaminant migration route because no surface water bodies 

are present at the site. 

5.1.8. Receptors 

The MEC exposure pathway for both human and ecological receptors for the B-143 Drop Test is 

surface soil (zero to two feet). MEC receptors include Navy personnel, contractors, authorized 

visitors, trespassers, and hunters that may walk on the site. Wildlife, such as deer, rabbits, 

raccoons, and wild turkeys, could come into contact with MEC at the site. See Section 5.1.4 for 

details on the likelihood of MEC at the site. 

The MC exposure pathways for both human and ecological receptors for the B-143 Drop Test are 

the food chain and surface soil (zero to two feet). Human receptors would be affected through 

direct dennal contact, ingestion, or inhalation of soils. Human receptors could also contact 

contaminants through the food chain, as hunting is permitted at NSWC Crane and contaminants 

may bioaccumulate in animals. Navy personnel are the most likely to have repeated and lengthy 

exposures, where as trespassers and visitors will have a diminished duration or limited frequency 

of exposure to MC in the surface soil or biota. Ecological receptors of contaminants include plant 

and animal life living on or near the site. Vegetation, such as grass, within the area is eaten by 

wildlife, such as deer, wild tur~ey, rabbits, raccoons, and birds. Endangered and threatened 

species that would visit the site include the bald eagle, which has a large hunting range, limiting 

its exposure at the site. Routes of exposure would include dennal contact, ingestion of soil, or 

ingestion of soil eating invertebrates. Plant uptake is mostly limited to near surface adsorption 

through the root systems. There is no known use of groundwater at the installation, so 

groundwater receptors are not included in this analysis. See Section 5.1.6 for details on the 

likelihood ofMC at the site. 

5.1.8.1.Nearby Populations 

NSWC Crane makes up the majority of Martin County. The rest of Martin County is essentially 

rural with some residential areas surrounding NSWC Crane. Martin County has a population of 

10,383, which comprises 0.16 percent of the state's population. The popUlation per square mile 

in Martin County is 30.9. NSWC Crane is the second largest employer in southwest Indiana with 

over 3,400 Navy employees and over 550 Anny employees. A Combined Bachelors Quarters 
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(approximately 36 rooms) and family housing (approximately 30 units) are located at NSWC 

Crane. 

5.1.8.2.Buildings NearlWithin Site 

The B-143 Drop Test is located south of Building 143. Building 143 is currently used for small 

ordnance component testing. The B-143 Drop Test is separated from Building 143 by 

approximately 50 feet of grass and 50 feet of pavement. Additional Navy Ordnance Department 

buildings (Buildings 99, 100, 186, and 2870) are located south of Building 143. No buildings or 

structures are located within the perimeter of the site. 

5.1.8.3.Utilities OnlNear Site 

The nearby buildings and facilities have utilities; however, it is not known whether underground 

utilities exist at the site. NSWC Crane did not have utility maps available for review. The Public 

Works Department indicated that no maps were available and field verification of utilities would 

be required. 

5.1.9. Land Use 

Since the drop testing structures have been removed, the site has remained undeveloped and is 

currently covered with trees and leaf litter. No anticipated change in land use of the adjacent 

areas is anticipated. 

5.1.10. Access Controls / Restrictions 

Access to the NSWC Crane is restricted. The NSWC Crane property is surrounded by locked, 

secured gates, with security at all entrances, as well as a security patrol. There are no access 

controls or restrictions in place to limit access to the B-143 Drop Test area once on the 

installation. Navy personnel, contractors, and visitors are not specifically restricted from the . 

former test area. There is a cliff directly south of the site, so access to the site from the south is 

limited. There are no known zoning/land use restrictions for the B-143 Drop Test. 
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5.1.11. Conceptual Site Model 

This Conceptual Site Model (CSM) was developed following guidance documents issued by the 

USEPA for hazardous waste sites and the u.S. Army Corps of Engineers (USACE) for ordnance 

and explosives (OE) sites. Guidance documents included the USEPA's Guidance for Conducting 

Remedial Investigations and Feasibility Studies under CERCLA (EPAl540/G-89/004) and the 

USACE CSM Guidance Development of Integrated Conceptual Site Models for Environmental 

Ordnance and Explosives (OE) Sites, which was final as of February 2003. 

The CSM describes the site and its environmental setting. The CSM presents infonnation 

regarding: 1) MEC and/or MC known or suspected to be at the site; 2) current and future 

reasonably anticipated or proposed uses of the real property; and 3) actual, potentially complete, 

or incomplete exposure pathways that link them. The CSM is the basis for the risk evaluation, 

prioritization, and remediation cost estimate. 

The CSM is presented in a series of infonnation profiles that presents infonnation about the site . 

The infonnation profiles are included in Table 5.1-1 

---~----. 

Table 5.1-1: Conceptual Site Model Information Profiles - B-143 Drop Test 

Profile Tv e Information Needs 

Installation Name 

Installation Location 

Range/Site Name 

Range/Site Location 

Range/Site History 

Range/Site Area and Layout 

Range/Site Structures 

NSWC Crane, Indiana 5-12 

Preliminan' Assessment Findin s 

NSWC Crane 

~ Crane, Martin County, Indiana 
, 
; B-143 Drop Test 

i South of Building 143 

I Used for testing Rockeye bomblets from 1968 to 
1980. 

: Approximately 0.06 acre 

! Fonnerly contained a concrete drop pad, 40-foot 
. drop tower, and building. The tower was 
: transferred to the current OT A, and the concrete 
: pad and building have been removed. 

Final 
Apri12005 

i 
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Table 5.1-1: Conceptual Site Model Information Profiles - B-143 Drop Test 

Profile Tv e Information Needs Preliminarv Assessment Findin s 
R~~;elSi~~Bound~ri-e-s------'--IN:-BuiWing143------

S: Highway 45 

I W: Building 154 
I I E: Building 2798 

• ----- ---. ---- .-._- -- _._. - ----- --r-- -- - - --~ .---~ -- -- - - -.- -- .. - - - --

Range/Site Security 

, Munitions Types 
~ - - - - - I 

, Maximum Probability Penetration 
i Depth 
I 
I 

I MEC Density 

l __________ , __ _ 

, MEC ScraplFragrnents 
'. .- . - - - - .. - -. -- --
: Associated Munitions Constituents 

Migration Routes/Release 
Mechanisms 

Climate 

Topography 

Geology 

Soil 

Hydrogeology 

i The installation is fenced; however the B-143 
I Drop Test area is not fenced. 

J Rockeye bo:n~l~ts(~ 118 Mod 0) 

J Bomblets were dropped on a concrete pad, and 
: munitions are not expected to have penetrated 

below the ground surface.' 

o Minimal range related debris is expected to be at 
! the site based upon the Navy operating procedures 
i to collect and remove related debris immediately 

j a~~r_t~st~g. 
I' 

I None found during site visit. 

; Minimal amounts of metals (casing), Octol and 
I Composition B (explosive component), tetryl 
I (booster), and lead azide (base fuze) . 

IfMC were present at the site, it would only be 
located within surface soils (less than two feet 
bgs). MC are not anticipated to be present at the 
B-143 Drop Test; however, ifMC are present at 
the site they may migrate via soil and 
groundwater. 

i Temperate climate zone, which has a wide 
; temperature range between summer and winter 
( ,_ - __ - - II _ " ' •• _ _, _ , 
: The site is located at the top of a ridge, which 
: slopes to the east. The elevation of the site is 
i approximately 650 feet, and the elevation at base 
I of the ridge is approximately 600 feet. 

The area is located on the eastern flank of the 
Illinois Basin consisting of shale, sandstone, 
limestone, and coal beds. The specific geology of 
the site is unknown. 

I Zanesville-Udorthents complex with two to six 
i percent slopes (ZnB) is present at the B-143 Drop 
; Test. These soils are gently sloping, shallow to 
! deep, well drained and moderately well drained. 
".- -. 
: Specific hydrogeology of the site is unknown. 
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Table 5.1-1: Conceptual Site Model Information Profiles - 8-143 Drop Test 

Profile Tv e Information Needs 

Hydrology 

Vegetation 

Current Land Use 

Current Human Receptors 

Current Activities (frequency, 
nature of activity) 

Potential Future Land Use 

Preliminarv Assessment Findin s 

• B-143 Drop Test is within the central drainage 
: basin ofNSWC Crane. Surface water runoff from 
! the B-143 Drop Test drains into an un-named 
: tributary approximately 500 feet south of the site. 
I 

: The un-named tributary empties into Boggs 
I Creek. Boggs Creek eventually empties into the 
; East Fork of the White River south ofNSWC 
: Crane. 

· The area is covered with sparse trees and shrubs, 
; and the surrounding area is grass covered or 
· parking lot. 

; The area is currently undeveloped. 

I Naval personnel, contractors, trespassers, and 
! authorized visitors 

1 No activity currently at the site. 
1 

• No change in land use is expected. 
- - -

Potential Future Human Receptors I Naval personnel contractors, trespassers and 
: authorized visitors 

Potential Future Land Use-Related ; No future land use is expected. 
Activities: 

ZoninglLand Use Restrictions 

Demographics/Zoning 

Beneficial Resources 

Habitat Type 

Degree of Disturbance 

Ecological Receptors 

• No known zoning/land use restrictions 

! NSWC Crane employs approximately 4,000 
: personnel, both civilian and military. Martin 
; County has a population of 10,383, which 
: comprises 0.16 percent of the state's population. 
: The population per square mile in Martin County 
i is 30.9. 
I _ 

I The NSWC Crane forest has been important to the 
: re-establishment of deer, turkey, ruffed grouse 
I and eagles in Indiana. Timber is also harvested at 
1 NSWC Crane. 

: Woodlands 
I 

If current conditions continue, the degree of 
disturbance at the site will be low. Low - Site 
is/will be unused; habitat and species present 

I are/will be undisturbed (i.e., undisturbed 
grassland and forest). 
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r----- --- ---------------
Table 5.1-1: Conceptual Site Model Information Profiles - 8-143 Drop Test i 

i Profile Tv e Information Needs Preliminarv Assessment Findin s -- ---- ------========-y---- ---- -------- - --- --- -----
Federal Endangered Species: 

Federal Threatened Species: 

State Endangered Species: 

State Threatened Species: 

Other Ecological Receptors: 

Relationship ofMECIMC Sources 
to Habitat and Potential Receptors 

! No federal endangered species are known at the 
I site. 

The Bald Eagle (Haliaeetus leucocephalus) could 
be located at the site based on the large hunting 

o range of the eagle. 
I I The potential for the Grasshopper sparrow, 
I bobcat, osprey, timber rattlesnake, and yellow-
f crowned night heron exists; however, none have 
i been identified at the site. 

! The Bald Eagle (Haliaeetus leucocephalus) could 
I be located at the site based on the large hunting 
I range of the eagle. 
I 
i The habitat at the site and the surrounding area is 
I home to many woodland wildlife species, such as 00 

j deer, rabbits, raccoons, and wild turkeys. There is 
I potential for the wildlife to burrow, forage, and 
! nest on site. Since parts of the installation are 
I open for hunting, the potential exists for deer and 
I wild turkey to be present on site. 

I Ecological receptors may come into direct contact 
I with MECIMC (in soil or on the surface), if 

I
I present. Wildlife that inhabit or utilize the area 

may come into contact with MC that has been 
I incorporated into the food chain (bio-accumulated 
I in plants and animals). Ecological receptors 
- contacting MEC and creating an explosive hazard 
j is not likely but should be considered. 
I 

A key element of the CSM is the exposure pathway analysis. For MEC, a complete or potentially 

complete exposure pathway must include the following components: 1) a source (e.g., locations 

where MEC are expected to be found); 2) access (e.g., controlled or uncontrolled access, items on 

the surface or within the subsurface); 3) an activity (e.g., non-intrusive grounds maintenance or 

intrusive construction); and 4) receptors (e.g., Navy personnel, construction workers, recreational 

users, authorized visitors, or trespassers). It is important to recognize that environmental 

mechanisms (e.g., erosion) and/or human intervention may result in the repositioning ofMEC. 

For MC, a complete or potentially complete exposure pathway must include the following 

components: 1) a source (e.g., locations where MC are expected to be found); 2) an exposure 

medium (e.g., surface soil); 3) an exposure route (e.g., dermal contact); and 4) receptors (e.g., 
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Navy personnel, construction workers, recreational users, authorized visitors, or trespassers). If 

the point of exposure is not at the same location as the source, the pathway may also include a 

release mechanism (e.g., volatilization) and a transport medium (e.g., air). 

The interactions between the source and receptors are assessed differently between MEC and 

MC. For MC, interaction between the source and receptors involves a release mechanism for the 

MC, an exposure medium that contains the MC, and an exposure route that places the receptor 

into contact with the contaminated medium. For MEC, interaction between the receptors and an 

MEC source has two components. The receptor must have access to the source and must engage 

in some activity that results in contact with individual MEC items within the source area. 

MEC and MC exposure pathway analyses were not created for the B-143 Drop Test because 

MEC and MC sources are not anticipated at the site. The concrete pad, drop tower, and building 

used during testing at the B-143 Drop Test have been removed from the site. In addition, an 

interview with Steve Shouse stated that all visible MEC debris was removed from the site after 

testing. Since one of the key components for the exposure pathway analysis, the source, is 

missing, an exposure pathway is not present at the site. 

A graphical illustration of the CSM is not included for the B-143 Drop Test because the location 

of the associated drop tower, concrete pad, and building are unknown. 

5.1.12. Summary 

The history of the B-143 Drop Test dates from 1968 to 1980. The site was used for testing MK 

118 Mod 0, Rockeye Bomblets from the former drop tower. No evidence was observed 

indicating MEC on the surface at the B-143 Drop Test. Although ordnance is possible at the site, 

there is no evidence to support MEC presence at the B-143 Drop Test. It was Navy policy at the 

time to remove ordnance from the test pad after testing. However, no records were found to 

document removals of duds at the site. MC associated with the types of munitions known to have 

been used at the B-143 Drop Test include minimal amounts of heavy metals in the Rockeye 

Bomblet casing, and Octol or Composition B in the explosive component of the Rockeye 

Bomblet. MC are not anticipated to be present at the site due to the minimal amounts of MC 

associated with the munitions themselves and because the concrete pad was removed from the 

site. No investigations for MEC or MC have been conducted at the B-143 Drop Test. 
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5.2. B-2044 DROP TOWERffEST RAIL 

5.2.1. History and Site Description 

The B-2044 Drop Towerrrest Rail were used from January 1951 through December 1973. The 

area was used for the drop testing of 20-= cartridges and ejection seat testing using 

CADslP ADs on the test rail . The B-2044 site consists of a drop tower approximately 100 feet tall 

and a test rail approximately 97 feet in length. Figure 5.2-1 is a photograph of the drop tower, 

taken from the south, near Building 2812, facing north. The concrete pad is on the left side of the 

tower. Figure 5.2-2 is a photograph of the test rail and nearby buildings. In the forefront of the 

picture is a structure, identified as Building 2820 on NSWC Crane facility maps, with an open 

west wall that was used for prepping test materials. Behind building 2820 is an unnamed white 

building used for storage of test materials. The photograph is taken from the west side of the 

rail, facing to the east. The B-2044 Drop Towerrrest Rail is located to the southeast of Building 

2044 and to the east of Building 2762. This site was identified during the in-brief by Mr. Schantz 

and Mr. Keith. Historical maps delineating this site have not been identified. However, 

documents have been identified that note the testing of items at the site. The footprint of the B-

2044 Drop Towerrrest Rail was mapped during the site reconnaissance, and the mapped area was 

used to establish the 0.013-acre area indicated on Map 5.2-1. This area differs from the 0.004-

acres identified in the Navy Range Inventory. The 0.013-acre size of the B-2044 Drop 

Towerrrest Rail is used in this PA because it was field verified. 

a \ 1\'" 
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Figure 5.2-1 View of Drop Tower 

Figure 5.2-2: View of Test Rail 

S.2.1.1.Topograpby 

The 8-2044 Drop Towerrrest Rail is located on a hilly area at an elevation of approximately 790 

feet. The area surrounding the site slopes upward to the northwest to an elevation of 810 feet. To 

the southeast, the land slopes downward into a valley to an elevation of 750 feet. 

S.2.1.2.Geology 

There are no wells directly on B-2044 Drop Towerrrest Rail; therefore, the specific geology of 

the range is unknown. A description of the regional geology can be found in Section 3.3. 

S.2.1.3.Soil and Vegetation Types 

The 8-2044 Drop Towerrrest Rail site is a lightly wooded area with young trees and sparse 

undergrowth, and leaf litter covers the site. The area immediately surrounding the test rail and 

the drop tower is grass covered. The east and south sides of the site are wooded. 
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According to the Martin County Soil Survey, the soil type present at the B-2044 Drop TowerlTest 

Area consists of Zanesville Udorthents Complex, 6 to 12% slopes (ZnC). These moderately 

sloping, shallow to deep, well drained and moderately drained soils are on the tops of ridges in 

the uplands. The Udorthents are in areas that have been affected by earth moving activities. 

They are about 50 percent Zanesville and 40 percent Udorthents. The Zanesville soil and 

Udorthents soil occur as areas so intricately mixed that mapping them separately is not practical. 

The Zanesville soil has a moderate available water capacity, and the Udorthents soil has moderate 

permeability and available water capacity. Most areas of these soils are used as woodland, and 

some are used as grassland. These soils are poorly suited to cultivated crops. Erosion and runoff 

are possible if cultivated crops are grown; however, the B-2044 site is partially forested, making 

it less prone to erosion. The frost line in southern Indiana is approximately 2.5 feet bgs. 

S.2.1.4.Hydrology 

The B-2044 Drop Tower/Test Rail is located within the central portion of the installation and lies 

within the central drainage basin. Surface water runoff from the site drains south into an un

named tributary, which flows southwest into Boggs Creek. Boggs Creek eventually empties into 

the East Fork of the White River south of NSWC Crane. 

S.2.I.S.Hydrogeology 

There are no wells directly on the B-2044 Drop TowerlTest Rail; therefore, the specific 

hydrogeology of the site is unknown. A description of the regional hydrogeology can be found in 

Section 3.6. 

S.2.1.6.Cultural and Natural Resources 

Although the potential for cultural resources exists for the area in which the site is located, there 

have not been any cultural sites identified near the B-2044 Drop TowerlTest Rail. There are no 

records identifying specific uses of natural resources located at the B-2044 Drop Tower/Test Rail. 
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5.2.1. 7 .Endangered and Special Status Species 

Threatened and endangered species for NSWC Crane are presented in Section 3.8. No evidence 

was found indicating the presence ofthe species listed at the B-2044 Drop Tower/Test Rail. 

5.2.2. Visual Survey Observations and Results 

A visual survey of the B-2044 TowerlTest Rail was conducted on March 17,2003. The Malcolm 

Pirnie survey team included Mr. Hien Dinh, Ms. Molly Howard, Ms. Julie Grim, and Mr. Terry 

Stark. Mr. Keith of NSWC Crane accompanied the team. Mr. Keith was knowledgeable of 

testing that occurred at the site and identified features at the site. During the site walk, the team 

did not observe any evidence ofMEC or MC related debris at the B-2044 Drop Tower/Test Rail. 

There were no noticeable depressions in the land surrounding the testing sites and the surface 

cover was intact. The total area surveyed by the team was approximately 0.013 acres, as shown 

in Map 5.2-1. 

According to Mr. Keith, 20mm cartridges 

were dropped from the top of the tower 

onto a concrete pad at the bottom of the 

tower. Mr. Keith stated that the concrete 

pad has never been replaced. The 

cartridges exploded upon impact; however, 

no visible markings were noticed on the 

concrete pad. Figure 5.2-3 is a photograph 

of the concrete pad below the drop tower. 

The drop tower is approximately 100 feet in 

height. The test rail is located to the south of 

the drop tower and runs across the site in an 

east to west direction. The test rail is 97 feet 

Figure 5.2-3: Concrete Impact Pad of Drop Tower 

in length. According to Mr. Keith, it was used to test CADs and PADs that were present in 

ejection seats. Also existing on the site are two concrete structures used for the storage and 

preparation of test materials. The unnamed white structure was a storage area for materials. The 

easternmost structure, identified as Building 2820 on Map 5.2-1, is not enclosed and is open on 

NSWC Crane, Indiana 5-23 Final 
April 2005 

• 

• 

• 



• 

FINAL PRELIMINARY ASSESSMENT 

the western side of the building. The test materials were prepared in B-2820. During the site 

walk, there were no visible signs of the testing that had occurred, and both the test rail and drop 

tower were intact. 

A visual depiction of the site reconnaissance is provided on Map 5.2-1 located at the end of 

Section 5.2. Additional range/site details are illustrated on Map 5.2-2 also located at the end of 

Section 5.2. 

5.2.3. Munitions and Munitions Related Materials Associated with 
the Site 

This section describes the munitions or munitions related materials known or suspected to be at 

the site, including the types and estimated maximum penetration depths. This includes both MEC 

and non-hazardous munitions related scrap (e.g., fragmentation, base plates, inert mortar fins). 

The data collection team was unable to locate specific records of the types and quantities of 

cartridges tested at the B-2044 Drop TowerlTest Rail. Interviews with installation personnel 

indicated that the following types of munitions were tested at the B-2044 Drop Tower/Test Rail: 

20-mm cartridges 

M21, CAD 

M447 PAD 

A CAD such as the M21 reefing line cutter is a cartridge actuated, one shot, disposable 

mechanical unit with the cartridge sealed internally. Major components consist of a case, firing 

pin assembly, lanyard, knife assembly, delay assembly and cotter pin. A PAD is used to provide 

stabilization and improve trajectories of the seat escape system. Airborne testing of PADs and 

CADs was conducted on the rail. 

A 20mm cartridge is an assembly of cartridge case, primer, a quantity of propellant within the 

cartridge case, and a bullet or projectile. The fragmentation zone has a radius of 163-meters, for 

a 20mm cartridge containing less than one gram of explosives. The fragmentation radius is based 

on the minimal fragmentation distance for up to a half pound of explosives. MEC and MC are 

not expected in the fragmentation radius. The fragmentation radius is indicated on Map 5.2-2 . 
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Technical information about these ordnance types is included in Appendix D. 

Based on the information obtained during the data collection process, no special consideration 

munitions are known or suspected to have been used at the site; therefore, the B-2044 Drop 

Towerrrest Rail is not suspected to contain special consideration MEC. 

5.2.4. MEC Presence 

The entire site has been subdivided and categorized into one of three levels of MEC presence 

including: Known MEC Areas, Suspect MEC Areas, and Areas where No Evidence exists to 

indicate that MEC is known or is suspected to be at the site. The MEC presence is discussed 

below. 

Map 5.2-3 illustrates the munitions characterization of the B-2044 Drop Towerrrest Rail and is 

provided at the end of Section 5.2. 

5.2.4.1.Known MEC Areas 

There are no known MEC areas on site. 

5.2.4.2.Suspected MEC Areas 

There are no areas at the B-2044 Drop Tower/Test Rail suspected to contain MEC. 

5.2.4.3.Areas Not Suspected to Contain MEC 

Not suspect MEC areas include the entire O.013-acre area, including the footprints of the drop 

tower and test rail. The fragmentation radius is not a suspected MEC area based on the amount of 

explosive filler in the 20mm cartridges. Map 5.2-3 illustrates the Not Suspect MEC area 

associate with the B-2044 Drop Tower/Test Rail. 

5.2.5. Ordnance Penetration Estimates 

The depth to which munitions penetrate below the ground surface depends on many factors, 

including the type of soil, the angle of impact, the size of the munitions, the velocity at impact, 
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and site specific environmental conditions. Over the years, the DoD has studied and modeled 

munitions penetration depths and has issued various guidance and technical documents on the 

subject. For the purposes of the PA, maximum probable penetration depths are estimated 

following guidance listed in the latest draft (July 2002) of the DoD Directive on Explosives 

Safety issued by the DoD Explosives Safety Board [DoD Directive 6055.9 (DoD Ammunition 

and Explosives Safety Standards)]. The Directive refers to TM 5.855.1 and NAVFAC P-1080. 

Since the 20mm cartridges were dropped on a concrete pad, it is not expected that they penetrated 

the soil. No records were discovered that indicate whether or not any cartridges missed the 

concrete pad and impacted the adjacent soil. All tests of CADs and PADs conducted on the test 

rail were airborne; therefore, there was no ground penetration. 

5.2.6. Munitions Constituents 

MC associated with the types of munitions assumed to have been used at the B-2044 Drop 

Tower/Test Rail, NSWC Crane include a combination of various chemicals used as fillers. CADs 

'. are filled with bullseye black powder. PADs are filled with similar explosive material including 

high-density carboxy terminated polybutadiene, N-53. The 20mm cartridges contained explosive 

material such as black powder. 

Bullseye Black Powder is the oldest explosive known. It is an intimate uniform mechanical 

mixture of finely pulverized potassium nitrate (or sodium nitrate), charcoal, and sulfur. It is one 

of the most dangerous explosives to handle because of the ease with which it is ignited by heat, 

friction, or spark. 

Technical MC information is included in Appendix D. 

5.2.7. Contaminant Migration Routes 

Studies have shown that ordnance can migrate due to environmental factors such as frost heave or 

erosion. Various testing occurred from the drop tower onto the concrete surface below the tower. 

The 20mm cartridges that were tested at the site were dropped on a concrete pad, so the MEC 

would have been concentrated on the concrete pad. The CAD/P AD testing that occurred on the 

test rail involved only airborne tests, and MEC would not have penetrated the ground surface. 
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Any MEC remnants would be located within surface soils (less than two feet bgs), which is above 

the frost heave line at the site. It is unlikely that MEC would migrate into the subsurface. 

MC, if present, could migrate into groundwater, surface soil, subsurface soil, surface water and 

air. MC are not anticipated at the B-2044 Drop Tower/Test Rail; however, any MC remaining on 

site would be located in the surface soil immediately surrounding the concrete pad. The soil 

types at the site are suitable for drainage and leaching into the groundwater. There is no surface 

water at the site; therefore, MC is not anticipated to migrate into surface waters. 

5.2.8. Receptors 

Potential receptors for MEC include Navy personnel, contractors, visitors, trespassers, and biota. 

See Section 5.2.4 for details on the likelihood ofMEC at the site. 

MC pathways include human and ecological receptors of surface soil (zero to two feet) such as 

Navy personnel, contractors, visitors, trespassers, and biota. Vegetation, such as grass, within the 

area is eaten by wildlife. Navy personnel, contractors and visitors, trespassers and biota all could 

come in contact with surface soil through dermal contact and inhalation. See Section 5.2.6 for 

details on the likelihood of MC at the site. 

5.2.8.1.Nearby Populations 

NSW~ Crane makes up almost the entire Martin County. Martin County is essentially rural. 

Some residential areas surround the NSWC Crane. Martin County has a population of 10,383, 

which comprises 0.l6 percent of the state's population. The population per square mile in Martin 

County is 30.9. NSWC Crane is the second largest employer in southwest Indiana with over 

3,400 Navy employees and over 550 Army employees. A Combined Bachelors Quarters 

(approximately 36 rooms) and family housing (approximately 30 units) are located at NSWC 

Crane. 
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5.2.8.2. Buildings NearlWithin Site 

Building 2044 is lo.cated immediately adjacent to the site. Naval personnel use this building 

regularly. There are smaller Naval buildings surrounding the site, as well as former storage and 

test preparation buildings. 

5.2.8.3. Utilities OnlNear Site 

The nearby buildings and facilities have utilities; however, it is not known whether underground 

utilities exist at this site. NSWC Crane did not have utility maps available for review. The Public 

Works Department indicated that no maps were available and field verification of utilities would 

be required. 

5.2.9. Land Use 

The site is no longer used for testing and is considered closed. There is no anticipated plan to 

reuse the site in the future for testing purposes. The land surrounding the drop tower and test rail 

is forested and is covered with heavy grass and vegetation. 

5.2.10. Access Controls / Restrictions 

Access to the NSWC Crane is restricted. The NSWC Crane property is surrounded by locked, 

secured gates, with security at all entrances, as well as a security patrol. There is no fencing 

around the site to control access to the B-2044 Drop TowerlTest Rail. Access to the test area is 

not restricted. 

5.2.11. Conceptual Site Model 

This CSM was developed following guidance documents issued by the USEP A for hazardous 

waste sites and the USACE for OE sites. Guidance documents included the USEPA's Guidance 

for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EP A/540/G-

89/004) and the USACE CSM Guidance Development of Integrated Conceptual Site Models for 

Environmental Ordnance and Explosives (OE) Sites, which was fmal as of February 2003. 
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The CSM describes the site and its environmental setting. The CSM presents information 

regarding: 1) MEC and/or MC known or suspected to be at the site; 2) current and future 

reasonably anticipated or proposed uses of the real property; and 3) actual, potentially complete, 

or incomplete exposure pathways that link them. The CSM is the basis for the risk evaluation, 

prioritization, and remediation cost estimate. 

The CSM is presented in a series of information profiles that present information about the site. 

The information profiles are included in Table 5.2-1. 

, 

Table 5.2-1: Conceptual Site Model Information Profiles - B-2044 Drop Tower/Test Rail 
I 

Profile Tv e Information Needs Preliminary Assessment Findin s 

Installation Name : NSWC Crane 

Installation Location ! Crane, Martin County, Indiana 

Range/Site Name : B-2044 Drop Tower/ Test Rail 

i Central portion ofNSWC Crane Division 

• 

Range/Site Location 

Range/Site History I Used for the drop testing of 20-mm ammunition • 
I and ejection seat testing using CADslP ADs on the 

M unitiolls/ 
Release 
Profile 

Range/Site Area and Layout 

Range/Site Structures 

Range/Site Boundaries 

Range/Site Security 

Munitions Types 

Maximum Probability Penetration 
Depth 

NSWC Crane, Indiana 5-29 

: test rail. It was first used January 1951 and 
; remained in use until December 1973. 
I 

i Approximately 0.013 acres 
1 .. • . _. - - --

: A 100-ft. high metal drop tower exists at the site, 
, as well as a metal test rail and a small open 
! building used as a preparation area. 

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

! N: Highway 304A 

i S: Wooded Area 
I 

: E: Highway 45 

I W: Wooded Area 
~-

! The installation is fenced. Once inside 
I installation fence-line, there are no other barriers 
: to the site. 

I 20-mm cartridges, CADslP ADs 
.1- . . . _ 

Surface only 
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Table 5.2-1: Conceptual Site Model [nfonnation Profiles - 8-2044 Drop Tower/Test Rail 

Profile Tv e Information Needs Preliminarv Assessment Findinos 

I Minimal range related debris is expected to be at , 
: the site based upon the Navy operating procedures ~ ! to collect and remove related debris immediately 
I after testing. Ii 

MEC-S~r~~IF~~~~~~; -- --- --- -rN~n~f~~~d-during site visit. 
r---------------------------------------' -- .---------------- ---. ---- - -.---. 
: Associated Munitions Constituents I Minimal amount of metals and other inorganics. 

'Mi~~ti~~-R~u~~~iR~i~~~- - --- - rif·MC~er~~rese~t-at the-site, it would ~cl; be 
Mechanisms II located within surface soils (less than two feet 

Topography 

Current Land Use 

Current Human Receptors 

j 
bgs). MC are not anticipated to be present at the 

I B-2044 Drop Tower/Test Rail; however, ifMC 
I are present at the site they may migrate via soil 
: and groundwater. 
I 

1 Temperate climate zone, which has a wide 
: temperature range between summer and winter 
r 
: Flat to gently undulating terrain 

: The area i~ l~~at~d on the eastern flank-~fthe 
! Illinois Basin consisting of shale, sandstone, 
I 

1 limestone, and coal beds. 
-.; 

ZnB-Zanesville-Udorthents Complex, 6 to 12 % 
slopes 

No wells located on site. Groundwater is not used, 
for drinking. 

NSWC Crane is located within the Lower East 
Fork White watershed. The East Fork White 
River flows approximately 40 miles southwest 
before joining the Muscatatuck River, which 
eventually joins the Ohio River. NSWC Crane is 

I located approximately 10 miles northwest of the 
: East Fork White River. 

i The area is covered with low grass and is 
I surrounded by wooded land. 

I The sit~ is no longer used for testing a~d is ' 
I considered closed. There is no anticipated plan to 
! reuse the site in the future for testing purposes. 
~ The land surrounding the drop tower and test rail 
i is forested and is covered with heavy grass and 
! vegetation. There are no anticipated uses for the 
! site. 
I-

i Naval personnel, contractors, authorized visitors, 
[ and trespassers. 
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======---------------------------
Table 5.2-1: Conceptual Site Model Information Profiles - B-2044 Drop Tower/Test Rail 

Profile Tv e Information Needs 

Current Activities (frequency, 
nature of activity) 

Preliminary Assessment Findinos 

: No activity currently at the site. 
I 
, 

~- -- ---- -" .--- ---- - _I 

Potential Future Land Use 

Potential Future Human Receptors 

Potential Future Land Use-Related 
Activities: 

Zoning/Land Use Restrictions 

Demographics/Zoning 

Beneficial Resources 

Habitat Type 

Degree of Disturbance 

Ecological Receptors 

Federal Endangered Species: 

Federal Threatened Species: 

State Endangered Species: 

State Threatened Species: 

NSWC Crane, Indiana 5-31 

: No change in land use is expected. 

I Naval personnel, contractors, authorized visitors, 
, and trespassers. 

f N~-;han;~ i~-l~d use is expect~d.- --- -
I 
I 

: No known zoning/land use restrictions 

i NSWC Crane employs 4,000 personnel, both 
i civilian and military. Martin County has a 
! population of 10,383, which comprises 0.16 
i percent of the ,state's population. The population 
i per square mile in Martin County is 30.9. 

I The NSWC Crane forest has been important to the 
: re-establishment of deer, turkey, ruffed grouse 
! and eagles in Indiana. Timber is also harvested at 
, NSWC Crane. 
-

; Grassland and woodlands 
I, 

i If current conditions continue, the degree of 
i disturbance at the site will be low. Low indicates 
i that the site is/will be unused, and habitat for 
I I species present are/will be undisturbed (i.e., 
: undisturbed grasslands, woodlands). Periodic 
! activities will occur such as mowing and building 
i maintenance. 

I No federal endangered species are known at the 
, site. 

i The Bald Eagle (Haliaeetus leucocephalus) could 
, be located at the site based on the large hunting 

range of the eagle. 

, The potential for the Grasshopper sparrow, 
- bobcat, osprey, timber rattlesnake, and yellow-
, crowned night heron exists; however, none have 
: been identified at the site. 

The Bald Eagle (Haliaeetus leucocephalus) could 
be located at the site based on the large hunting 
range of the eagle. 
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Table 5.2-1: Conceptual Site Model Infol"Olation Profiles - 8-2044 Drop Tower/Test Rail 

Profile Ty e Information Needs Preliminary Assessment Findin s ----- -------------------------r::----- --------------------------- - -- . - ---
Other Ecological Receptors: I The habitat at the site and the surrounding area is 

Relationship ofMECIMC Sources 
to Habitat and Potential Receptors 

I home to many woodland wildlife species, such as , 
I deer, rabbits, raccoons, and wild turkeys. There is 
\ the potential for wildlife to burrow, forage, and 
! nest on the site. , 

! Ecological receptors may come into direct contact 
; with MECIMC (in the soil or on the surface). 
: Wildlife that inhabit or utilize the area may come 
i into contact with MC that been incorporated into 

I
i the food chain (bio-accumulated in plants and 

animals). Ecological receptors contacting MEC 
I and creating an explosive hazard is not likely but 
i should be considered. 

A key element of the CSM is the exposure pathway analysis. For MEC, a complete or potentially 

complete exposure pathway must include the following components: I) a source (e.g., locations 

where MEC are expected to be found); 2) access (e.g., controlled or uncontrolled access, items on 

the surface or within the subsurface); 3) an activity (e.g., non-intrusive grounds maintenance or 

intrusive construction); and 4) receptors (e.g., Navy personnel, construction workers, recreational 

user, authorized visitors, or trespassers). It is important to recognize that environmental 

mechanisms (e.g., erosion) and/or human intervention may result in the repositioning of MEC. 

For MC, a complete or potentially complete exposure pathway must include the following 

components: l)a source (e.g., locations where MC are expected to be found); 2) an exposure 

medium (e.g., surface soil); 3) an exposure route (e.g., dermal contact); and 4) receptors (e.g., 

Navy personnel, construction workers, recreational users, authorized visitors, or trespassers). If 

the point of exposure is not at the same location as the source, the pathway may also include a 

release mechanism (e.g., volatilization) and a transport medium (e.g., air). 

The interactions between the source and receptors are assessed differently between MEC and 

Me. For MC, interaction between the source and receptors involves a release mechanism for the 

MC, an exposure medium that contains the MC, and an exposure route that places the receptor 

into contact with the contaminated medium. For MEC, interaction between the receptors and an 

MEC source has two components. The receptor must have access to the source and must engage 

in some activity that results in contact with individual MEC items within the source area. 
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MEC and MC exposure pathway analyses were not created for the B-2044 Drop Tower/Test Rail 

because MEC and MC sources are not anticipated at the site. The concrete pad, drop tower, and 

test rail used during testing at the B-2044 Drop TowerlTest Rail remain at the site. No visual 

evidence of MEC was observed during the site visit, and procedures required that all visible MEC 

debris be removed from the site after testing. In addition, testing would have been concentrated 

on the concrete pad, preventing the MEC and MC from directly contacting the surrounding soil. 

MC is not anticipated to be a source at the site due to the minimal amounts ofMC associated with 

the testing performed at the B-2044 Drop TowerlTest Rail. Since one of the key components for 

the exposure pathway analysis, the source, is missing, an exposure pathway is not present at the 

site. 

A graphical illustration of the details of the CSM is included in Figure 5.2-4 at the end of Section 

5.2.11. The figure illustrates the filtration and runoff directions and potential areas for MECIMC 

contamination. The illustration shows the wooded area and vegetation that exist at the site, 

creating a potential habitat for fauna. Direction of runoff follows the topography of the site. Red 

arrows indicate the direction of runoff across the site. The varying shades of green across the B-

2044 Drop TowerlTest Rail indicate varying soil types below the ground surface. 
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5.2.12. Summary 

The history of the B-2044 Drop Tower/Test Area dates from 1951 to 1973. The site was used for 

the testing of20mm cartridges, CADs, and PADs. No evidence was found indicating MEC on the 

surface at the B-2044 Drop Tower/Test Rail. It was Navy policy at the time to remove all 

retrievable MEC after testing. However, no records were found to document removals of MEC 

at the site. No investigations for MEC or MC have been conducted at the B-2044 Drop 

Tower/Test Area . 
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5.3. B-2930 PROCESS CONTROL AREA 

5.3.1. History and Site Description 

The B-2930 Process Control Area was used from 1963 through 1968 for various pyrotechnics 

testing such as flares, ignition devices, smoke markers, signals, and screening smokes. From 

1965 to 1970, the MK 58 red phosphorus candles made on the pyrotechnic line were tested in an 

area north of Building 2940 and Building 2930. The B-2930 Process Control Area is located 

along the parking lot near the current Building 2930. Behind Building 2930 is a two-story empty 

building structure used for fire 

training. 

Figure 5.3-1 is a photograph taken 

of the northeast section of the area 

surrounding B-2930. On the right 

side of the photo is the two-story 

structure used for fire training. The 

beige building in the background is 

Building 2931 . The blue-gray 

building in the distance is Building 

2930. The perimeter surrounding 

the area is forested. This site was 
Figure 5.3-1: Northeast Section of Area around 8-2930 

identified through interviews with site personnel; specifically Mr. Shantz provided details about 

the site to the best of his knowledge. The B-2930 Process Control Area was not identified on 

historical maps. 

The footprint of the B-2930 Process Control Area, as described by Mr. Schantz, was mapped 

during the site reconnaissance, and the mapped area was used to establish the 0.0042-acre area 

indicated on Map 5.3-1. This area differs from the 0.045-acres identified in the Navy Range 

Inventory. The 0.0042-acre size of the B-2930 Process Control Area is used in thjs PA because it 

was field verified. 
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5.3.1.1. Topography 

The topography of the 8-2930 Process Control Area is relatively flat. A parking lot covers the 

former process control area, and the site is completely flat. To the north of the parking lot is a 

grassy area that slopes gently downward to the north. The elevation of the 8-2930 Process 

Control Area is approximately 800 feet. The site is located on a higher point of elevation, with 

the surrounding areas sloping gently downwards toward 750 feet. 

There is not a great tendency for erosion or high amounts of runoff, as the site is generally flat. 

5.3.1.2.Geology 

There are no wells directly on 8-2930 Process Control Area; therefore, the specific geology of the 

site is unknown. A description of the regional geology can be found in Section 3.3. 

5.3.1.3.Soil and Vegetation Types 

The 8-2930 Process Control Area is a paved parking lot, with no vegetation on site. Surrounding 

the site is a grassy area bordered by wooded land. The wooded area is home to many young trees 

and sparse undergrowth, and leaf litter covers the grassy area. 

According to the Martin County Soil Survey, the Zanesville-Udorthents complex with two to six 

percent slopes (ZnB) is present at the 8-2930 Process Control Area. These gently sloping, 

shallow to deep, well drained and moderately well drained soils are on the tops of ridges in the 

uplands. They are about 48 percent Zanesville soil and 42 percent Udorthents. The Zanesville 

soil and Udorthents soil occur as areas so intricately mixed that mapping them separately is not 

practical. The Zanesville soil has a moderate available water capacity, and the Udorthents soil 

has moderate permeability and available water capacity. Most areas of these soils are used as 

woodland, and some are used as grassland. These soils are poorly suited to cultivated crops. 

Erosion and runoff are the major hazards if cultivated crops are grown. There are no cultivated 

crops at the 8-2930 Process Control Area; therefore, erosion and runoff pose little threat. 
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5.3.1.4.Hydrology 

The B-2930 Process Control Area is located within the central portion of the installation and lies 

within the central drainage basin. Surface water runoff from the site drains south into an un

named tributary, which flows southwest into Boggs Creek. Boggs Creek eventually empties into 

the East Fork ofthe White River south ofNSWC Crane. 

5.3.1.5.Hydrogeology 

There are no wells directly on the B-2930 Process Control Area; therefore, the specific 

hydrogeology of the site is unknown. A descripti?n of the regional hydrogeology can be found in 

Section 3.6. 

5.3.1.6.Cultural and Natural Resources 

Although the potential for cultural resources exists for the area in which the site is located, there 

have not been any cultural sites identified at the B-2930 Process Control Area. Surrounding the 

B-2930 Process Control Area is a section of heavily wooded land but there are no records of 

specific use of this natural resource. 

5.3.1.7.Endangered and Special Status Species 

Threatened and endangered species for NSWC Crane are presented in Section 3.8. No evidence 

was found indicating the presence of the species listed at the B-2930 Process Control Area. 

5.3.2. Visual Survey Observations and Results 

A visual survey of the B-2930 was conducted on March 18, 2003. The Malcolm Pimie survey 

team included Mr. Stark, Mr. Egholm, Mr. Dinh, and Ms. Howard. Mr. Keith and Mr. Shantz of 

NSWC Crane accompanied the team. During the initial site reconnaissance, the survey team 

mapped a large area in the grassy. space north of Building 2930. The area covered in this site 

walk is shown on Map 5.3-1. The team did notice some metal objects in the ground that were 

determined to be old pipes. They were not munitions or munitions related debris. The Navy 
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Range Inventory stated that the site was behind Building 2930, so the team originally believed the 

fonner site to be located in the large flat grassy area behind Building 2930. After further 

interviews with Mr. Shantz and a second site walk, the team learned that the fonner site is located 

beneath the comer of the B-2930 expansion and the asphalt parking lot. The team did not observe 

any evidence of munitions or munitions related debris in this area. There are no records of EOD 

responses during construction of Building 2930. 

The B-2930 Process Control Area consists of the northeast comer of the building. A fire training 

site, adjacent to B-2930, is used periodically. Approximately 100 feet north of the site, there is a 

two-story metal building structure used for fire training purposes. There is a rusty car to the east 

of the building that is also used for fire training. Figure 5.3-2 is a photograph taken to the east of 

the fITe tower looking to the south at B-2930. The team did not observe any disturbances to the 

ground cover and did not fmd any depressions at the surface. 

Figure 5.3-2: B-2930 is the blue building in the left of photograph, behind vehicle 
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A visual depiction of the site reconnaissance is provided on Map 5.3-1 located at the end of 

Section 5.3. Additional range/site details are illustrated on Map 5.3-2 also located at the end of 

Section 5.3. 

5.3.3. Munitions and Munitions Related Materials Associated with 
the Site 

This section describes the munitions or munitions related materials known or suspected to be at 

the site, including the types and estimated maximum penetration depths. This includes both MEC 

and non-hazardous munitions related scrap (e.g., fragmentation, base plates, inert mortar fins). 

The B-2930 Process Control Area was used for the testing of MK 24 Mod 1, 2, 2A, 3, & 4, MK 

58 Marine Marker, flares, ignition devices, smoke markers, signals, and screening smoke. The 

MK 24 parachute flares were made and tested on site from 1963 to 1968. From 1965 to 1970, the 

MK 58 red phosphorus candles were made on the pyrotechnic line and tested in an area north of 

Building 2940 and Building 2930. This test area was used extensively for testing flares, ignition 

devices, and smoke markers. The mode of testing is unknown . 

An MK 24 was an air-launched, parachute-retarded flare used to provide intense illumination of 

large areas. The MK 58 was designed for use in air/sea rescue operations, as a target marker, and 

as a surface wind indicator. It featured day or night operation and could be launched by hand or 

from aircraft. 

Based on the information obtained during the data collection process, no special consideration 

munitions are known or suspected to have been used at the site; therefore, the B-2930 Process 

Control Area is not suspected to contain special consideration MEC. 

Additional technical information about these ordnance types is included in Appendix D. 

5.3.4. MEC Presence 

The entire site has been subdivided and categorized into one of three levels of MEC presence 

including: Known MEC Areas, Suspect MEC Areas, and Areas where No Evidence exists to 
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indicate that MEC is known or is suspected to be at the site. The MEC presence is discussed 

below. 

Map 5.3-3 illustrates the munitions characterization of the B-2930 Process Control Area and is 

provided at the end of Section 5.3. 

5.3.4.1.Known MEC Areas 

There are no known MEC Areas associated with the site. 

5.3.4.2.Suspected MEC Areas 

There are no areas at the B-2930 Process Control Area suspected to contain MEC. 

5.3.4.3.Areas Not Suspected to Contain MEC 

Not suspect MEC areas include the entire B-2930 Process Control Area. Procedures were in 

place to remove related debris immediately after testing. The area is currently covered by asphalt 

paving and is inaccessible. 

5.3.5. Ordnance Penetration Estimates 

The depth to which munitions penetrate below the ground surface depends on many factors, 

including the type of soil, the angle of impact, the size of the munitions, the velocity at impact, 

and site specific environmental conditions. Over the years, the DoD has studied and modeled 

munitions penetration depths and has issued various guidance and technical documents on the 

subject. For the purposes of the PA, maximum probable penetration depths are estimated 

following guidance listed in the latest draft (July 2002) of the DoD Directive on Explosives 

Safety issued by the DoD Explosives Safety Board [DoD Directive 6055.9 (DoD Ammunition 

and Explosives Safety Standards)]. The Directive refers to TM 5.855.1 andNAVFAC P-1080. 

None of the ordnance listed in Section 5.3.3 are anticipated to have penetrated greater than one 

foot bgs due to the nature of pyrotechnics tested on site. With the expansion of Building 2930, 

any MEC is covered by an asphalt parking lot and is not accessible; therefore, it poses no threat to 

receptors. 
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5.3.6. Munitions Constituents 

MC associated with the types of munitions known to have been used at the B-2930 Process 

Control Area include red phosphorus (RP) and white phosphorus (WP) and perchlorate. MC 

exposure at the site is limited due to site being located beneath Building 2930 and asphalt parking 

lot. 

5.3.7. Contaminant Migration Routes 

Studies have shown that ordnance can migrate due to environmental factors such as frost heave or 

erosion. MEC remaining in the soil were covered during the expansion of Building 2930 and the 

construction of the associated asphalt parking lot. If MEC were present at the site, it would only 

be located in the subsurface soil beneath Building 2930 and the parking lot. It is unlikely that the 

MEC would migrate into the surface soil at the site because the site is covered by a building and 

a parking lot. 

MC, if present, could migrate into groundwater, surface soil, subsurface soil, and surface water. 

MC are not anticipated at the B-2930 Process Control Area; however, any MC remaining on site 

would be located in the subsurface soil beneath Building 2930 and the parking lot. The soil types 

at the site are suitable for drainage and leaching into the groundwater. There is no surface water 

at the site; therefore, MC is not anticipated to migrate into surface waters. 

5.3.8. Receptors 

The potential MEC exposure pathway for human receptors pertaining to the B-2930 Process 

Control Area exists in surface soil (less than two feet bgs). MEC receptors include Navy 

personnel, contractors, trespassers and authorized visitors who may come in contact with surface 

soil as a result of intrusive activities. The current site is covered by asphalt and only would be 

accessible if digging, construction, or other intrusive activities were to occur. See Section 5.3.4 

for details on the likelihood of MEC at the site. 

MC pathways include receptors of surface soil (less than two feet bgs). All surface soil is 

covered by asphalt at this level, limiting access by any receptors. The potential MC exposure 
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pathways for human receptors pertaining to the B-2930 Process Control Area are intrusive 

activities of surface soil. Human receptors may be affected through direct dermal contact, 

ingestion, or inhalation of soils. Navy personnel and contractors are the most likely to have 

repeated and lengthy exposures, where as trespassers and visitors will have a diminished duration 

or limited frequency of exposure to MC in the exposed surface soil. There is no known use of 

groundwater at the installation, so groundwater receptors are not included in this analysis. See 

Section 5.3.6 for details on the likelihood ofMC at the site. 

5.3.8.1.Nearby Populations 

NSWC Crane makes up almost the entire Martin County. Martin County is essentially rural. 

Some residential areas surround the NSWC Crane. Martin County has a population of 10,383, 

which comprises 0.16 percent of the state's population. The population per square mile in Martin 

County is 30.9. NSWC Crane is the second largest employer in southwest Indiana with over 

3,400 Navy employees and over 550 Army employees. A Combined Bachelors Quarters 

(approximately 36 rooms) and family housing (approximately 30 units) are located at NSWC 

Crane. 

5.3.8.2. Buildings NeariWithin Site 

Building 2930 is located on the site. Buildings 2940 and 2931 are adjacent to the site. Naval 

personnel use these buildings regularly. 

5.3.8.3. Utilities OnlNear Site 

The nearby buildings and facilities have utilities; however, it is not known whether underground 

utilities exist at this site. 

5.3.9. Land Use 

The area is no longer used for pyrotechnics testing as the building and surrounding parking lot 

have been constructed on the site. The land use is not anticipated to change for the foreseeable 

future; therefore, the current and anticipated future land use for the area is office space. 
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5.3.10. Access Controls / Restrictions 

Access to the NSWC Crane is restricted. The NSWC Crane property is surrounded by locked, 

secured gates, with security at all entrances, as well as a security patrol. There is no fencing 

around the entire site to control, restrict, or limit access to the B-2930 Process Control Area. 

Access to the fonner pyrotechnics area is not restricted. 

5.3.11. Conceptual Site Model 

This CSM was developed following guidance documents issued by the USEP A for hazardous 

waste sites and the USACE for OE sites. Guidance documents included the USEPA's Guidance 

for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EP A/540/G-

89/004) and the USACE CSM Guidance Development of Integrated Conceptual Site Models for 

Environmental Ordnance and Explosives (OE) Sites, which was final as of February 2003. 

The CSM describes the site and its environmental setting. The CSM presents infonnation 

regarding: 1) MEC and/or MC known or suspected to be at the site; 2) current and future 

reasonably anticipated or proposed uses of the real property; and 3) actual, potentially complete, 

or incomplete exposure pathways that link them. The CSM is the basis for the risk evaluation, 

prioritization, and remediation cost estimate. 

The CSM is presented in a series of infonnation profiles that present information about the site. 

The information profiles are included in Table 5.3-1. 

Table 5.3-1: Conceptual Site Model I nformation Profiles - B-2930 Process Control Area 

Profile Tv e Information Needs Preliminary Assessment Findin s 
~ -o ___ - - ------- ___ ----- ---- r--oo ---0 ______ -- - - - -

Installation Name ! NSWC Crane 

i~s~~ll~t-i~n L~cation - - - - -- ---0 rC~~n~: M~rti~ C~unt;' fudi;~;o_o 0 -- - 0

0

_0 00 -

i B-2930 Proce;~oC~~tro-1 Ar~a -Range/Site Name 
--r- --0 -0 __ 000 __ 0_ -- 00 ----0-_- - ------

Range/Site Location j Central portion ofNSWC Crane. 
-- y --------- -- --- - - - --- .. ----- - ----- - ------- -- --_.-. 

Range/Site History ; The area was used to test MK 24 aircraft I 

1 parachute flares and MK 58 red phosphorus' 
I candles. The site opened in January 1963 and was: 

____ 0_0__ _ _00 ___ oL ~~~d~~ti~~~.:e~~~~~6~·o _ 0 __ 0 __ ° : 
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Table 5.3-1: Conceptual Site Model Information Profiles - B-2930 Process Control Area 

Profile Tv e Information Needs 

Range/Site Area and Layout 

Range/Site Structures 

Range/Site Boundaries 

, Range/Site Security 

Munitions Types 

Preliminary Assessment Findinas -, -

i Approximately 0.0042 acres 

! Building 2930, an asphalt parking lot, and a fire 
; rescue training facility. 

I N: Wooded area 

1 S: Highway 45 
! 
, E: Building 2824 and wooded area 

; W: Building 2931 (Semiconductor Stage & Test) 

-! The installation is fenced; ho~ever the B-2930 
. Process Control Area is not fenced. 
I 

! Pyrotechnics: MK 24 aircraft parachute flares, 
! MK 58 red phosphorus candles. 

, 'r 

! Maximum Probability Penetration I: MEC are not anticipated to have penetrated 
Depth greater than one foot bgs due to the nature of 

MEC Density 

, MEC ScraplFragments 

I pyrotechnics tested on site. 

Minimal range related debris is expected to be at 
the site based upon the Navy operating procedures 

i to collect and remove related debris immediately 
: after testing. No evidence ofMEC was observed 
: at the site. 
i 
: None found during site visit. 

Associated Munitions Constituents ; Minimal amount of metals and other inorganics. 

: Migration Routes/Release 
, Mechanisms 

Climate 

Topography 

Geology 

Soil 

Hydrogeology 

Hydrology 

! Potential leaching 

! 
l Temperate climate zone, which has a wide 

temperature range between summer and winter. 

Flat to gently undulating terrain 

I The area is located on "the eastern flank of the 
\ Illinois Basin consisting of shale, sandstone, 
: limestone, and coal beds. 

: Zanesville-Udorthents complex, 2 to 6% slopes 
), - - . - - - . -

: No wells present. 

\ NSWC Crane is located within the Lower East 
i Fork White watershed. The East Fork White 

I
! River flows approximately 40 miles southwest 

before joining the Muscatatuck River, which 
eventually joins the Ohio River. NSWC Crane is 

! located approximately 10 miles northwest of the 
__ "J ~as~Fo,rk Whit~ River. 
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Table 5.3-1: Conceptual Site Model Information Profiles - B-2930 Process Control Area 

Profile Tv e Information Needs Preliminarv Assessment Findings 
- - ---- - ._-. '-.~- -- ---~ ---.-----. --.-- --1- ---- .------ ----- - - ~ -- -. ->. ---. 

• Vegetation 

Current Land Use 

I Current Human Receptors 

Current Activities (frequency, 
" nature of activity) 

Potential Future Land Use 

The area is covered with low grass and is 
: surrounded by trees shrubs . 

• Currently, the area is covered by Building 2930 
and an asphalt parking lot. 

i Naval personnel, contractors, authorized visitors, 
: and trespassers. 

: The site is currently used for parking of vehicles. 
i 

~ No change in land use is expected. 

" Potential Future Human Receptors ; Naval personnel, contractors, authorized visitors, 
i and trespassers. 
t ••••• _ _ _ __ 

: Potential Future Land Use-Related "I' No change in land use is expected. 
Activities: 

" ZoninglLand Use Restrictions 

Demographics/Zoning 

i Beneficial Resources 

Habitat Type 

Degree of Disturbance 

Ecological Receptors 

Federal Endangered Species: 

Federal Threatened Species: 

State Endangered Species: 

State Threatened Species: 

i No known zoning/land use restrictions. 

: NSWC Crane employs 4,000 personnel, both 
! civilian and military. Martin County has a , 
1 population of 10,383 that comprises 0.16 percent 
i of the state's population. The population per 
i square mile in Martin County is 30.9. 
.. "- - - _. - -

I None 

i Site is covered by asphalt, but the surrounding 
i area is grassland and woodlands. 
----.----- - - _ .. -_#_- ---

I Site covered by asphalt. 
I __.. . • _ _. 

! No federal endangered species are known at the 
I site. 

: The Bald Eagle (Haliaeetus leucocephalus) could 
l be located in the surrounding area based on the 
I large hunting range of the eagle. 
I 

The potential for the Grasshopper sparrow, 
bobcat, osprey, timber rattlesnake, and yellow
crowned night heron exists; however, none have 

'\" been identified at the site. 

The Bald Eagle (Haliaeetus leucocephalus) could 
I be located in the surrounding area based on the 
i large hunting range of the eagle. 
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Table 5.3-1: Conceptual Site Model Information Protiles - B-2930 Process Control Area 

Profile Ty e Information Needs 

Other Ecological Receptors: 

Relationship ofMECIMC Sources 
; to Habitat and Potential Receptors 

Preliminary Assessment Findinos 

i The habitat in the surrounding area is home to 
: many woodland wildlife species, such as deer, 
: rabbits, raccoons, and wild turkeys. There is the 
t potential for wildlife to burrow, forage, and nest 
I h· I near t e slte. 

i Any MEC or MC remaining at the site are 
I covered by an asphalt parking lot and building, 
; preventing any access or exposure to MEC or 
; MC. Wildlife that inhabit or utilize the 
i surrounding area may come into contact with MC 

that been incorporated into the food chain (bio-
: accumulated in plants and animals). 

A key element of the CSM is the exposure pathway analysis. For MEC, a complete or potentially 

complete exposure pathway must include the following components: 1) a source (e.g., locations 

where MEC are expected to be found); 2) access (e.g., controlled or uncontrolled access, items on 

the surface or within the subsurface); 3) an activity (e.g., non-intrusive grounds maintenance or 

intrusive construction); and 4) receptors (e.g., Navy personnel, construction workers, recreational 

users, authorized visitors, or trespassers). It is important to recognize that environmental 

mechanisms (e.g., erosion) and/or human intervention may result in the repositioning ofMEC. 

For MC, a complete or potentially complete exposure pathway must include the following 

components: 1) a source (e.g., locations where MC are expected to be found); 2) an exposure 

medium (e.g., surface soil); 3) an exposure route (e.g., dermal contact); and 4) receptors (e.g., 

Navy personnel, construction workers, recreational users, authorized visitors, or trespassers). If 

the point of exposure is not at the same location as the source, the pathway may also include a 

release mechanism (e.g., volatilization) and a transport medium (e.g., air). 

The interactions between the source and receptors are assessed differently between MEC and 

MC. For MC, interaction between the source and receptors involves a release mechanism for the 

MC, an exposure medium that contains the MC, and an exposure route that places the receptor 

into contact with the contaminated medium. For MEC, interaction between the receptors and an 

MEC source has two components. The receptor must have access to the source and must engage 

in some activity that results in contact with individual MEC items within the source area. 
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MEC and MC exposure pathway analyses were not created for the B-2930 Process Control Area 

because sources are not anticipated to remain at the site. The B-2930 Process Control Area is 

beneath an asphalt parking lot and no evidence of MEC was observed at the site. Personnel 

interviewed stated that all related debris was removed from the site immediately after testing. In 

addition, MEC are not anticipated to have penetrated greater than one foot bgs due to the nature 

of pyrotechnics tested on site. Surface soil at the site has been graded for the construction of 

Building 2930, so no MC source remains at the site. Since one of the key components for the 

exposure pathway analysis, the source, is missing, an exposure pathway is not present at the site. 

A graphical illustration has not been included for the B-2930 Process Control Area because there 

is no access to any MEC or MC remaining at the site. The site is covered by an asphalt parking 

lot and/or building, preventing any access or exposure to MEC or MC. 

5.3.12. Summary 

The B-2930 Process Control Area was used from 1963 to 1968 for various pyrotechnics testing 

such as flares, ignition devices, smoke markers, signals, and screening smokes. From 1965 to 

1970, the MK 58 red phosphorus candles made on the pyrotechnic line were tested in an area 

north of Building 2940 and Building 2930. The 0.0042-acre are designated as the B-2930 

Process Control Area is located along the parking lot near the current Building 2930. No surface 

evidence was observed indicating MEC at the B-2930 Process Control Area. Navy policy at the 

time would not have permitted the disposal of munitions near the pyrotechnics development 

buildings. MEC or MC remaining at the site from the pyrotechnics testing that occurred is 

covered by an asphalt parking lot, preventing access or exposure to MEC or MC. 
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5.4. PYRO AREA OUTSIDE TEST BURN PAD 

5.4.1. History and Site Description 

The Pyro Area Outside Test Burn Pad is located in the north-central portion of NSWC Crane as 

shown in Map 2.1 -1. The Pyro Area is located south of Building 126 and west of Highway 45 in 

the Pyrotechnic Area of NSWC Crane. The Pyro Area Outside Test Burn Pad is approximately 

0.002 acres. The size of the test area was mapped and calculated during the visual survey of the 

site. This area agrees with the 0.002 acres identified in the Navy Range Inventory. The Pyro 

Area Outside Test Burn Pad consists of two concrete basins located within a fenced area south of 

Building 122 as shown in Figure 5.4-1. 

Figure 5.4-1: View ofthe concrete testing basins located inside fence 

The concrete basins are separated from Building 126 by a grass and pavement area, three 

dumpsters, and a storage area. The concrete basins are approximately 30 feet apart and are in 

deteriorating condition. 

The Pyro Area Outside Test Burn Pad was used from 1984 to 1985 to test various types of 

pyrotechnics that were developed at NSWC Crane, such as flares, signals, and screening smokes. 

According to Mr. Schantz, all testing conducted at the site was inside the concrete basins. Testing 
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performed at the Pyro Area Outside Test Bum Pad was probably associated with the pyrotechnics 

(flare assembly) production occurring in Building 126. Building 126, which is located north of 

the Pyro Area Outside Test Bum Pad, has historically been used for illuminant assembly. The 

Pyro Area Outside Test Bum Pad is included in SWMU 27. 

5.4.1.1.Topograpby 

The Pyro Area Outside Test Bum Pad is located in the north-central portion of NSWC Crane. 

The Pyro Area Outside Test Bum Pad is located on a relatively flat parcel of land that gently 

slopes to the southwest. The elevation of the site is approximately 775 feet. 

5.4.1.2.Geology 

There are no wells located directly on or in the immediate vicinity of the Pyro Area Outside Test 

Bum Pad; therefore, the specific site geology is unknown. A description of the regional geology 

can be found in Section 3.3. 

5.4.1.3.Soil and Vegetation Types 

The Pyro Area Outside Test Bum Pad and the surrounding area are located in a developed area 

with limited grass areas. 

According to the Martin County Soil Survey, the Zanesville-Udorthents complex with two to six 

percent slopes (ZnB) is present at the Pyro Area Outside Test Bum Pad. These gently sloping, 

shallow to deep, well drained and moderately well drained soils are on the tops of ridges in the 

uplands. They are about 48 percent Zanesville soil and 42 percent Udorthents. The Zanesville 

soil and Udorthents soil occur as areas so intricately mixed that mapping them separately is not 

practical. The Zanesville soil has a moderate available water capacity, and the Udorthents soil 

has moderate permeability and available water capacity. Erosion and runoff are possible if 

cultivated crops are grown; however, the Pyro Area Outside Test Bum Pad is developed, so the 

site is less prone to erosion. The frost line in southern Indiana is approximately 2.5 feet bgs. 

Even though these soils contain fine grains, frost heave may not be a concern since the soils are 

very well drained. 
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5.4.1.4.Hydrology 

The Pyro Area Outside Test Bum Pad is located within the central portion of the installation and 

lie within the central drainage basin. Surface water runoff from the site drains south into an un

named tributary, which flows southwest into Boggs Creek. Boggs Creek eventually empties into 

the East Fork of the White River south ofNSWC Crane. 

5.4.1.5.Hydrogeology 

There are no wells located directly on or in the immediate vicinity of the Pyro Area Outside Test 

Bum Pad; therefore, specific hydrogeology of the site is unknown. A description of the regional 

hydrogeology can be found in Section 3.6. 

5.4.1.6.Cultural and Natural Resources 

Although the potential for cultural resources exist for the area in which the site is located, there 

have not been any archeological or cultural sites identified near the site. No records were found 

identifying specific cultural resources at the Pyro Area Outside Test Bum Pad in the Cultural 

Resources Survey from June 1992. No sites were identified on the Indiana Register of Historic 

Sites and Structures (Indiana State Register) or the National Register of Historic Places. Since 

the Pyro Area Outside Test Bum Pad area is developed, no natural resources exist at the site. 

5.4.1.7.Endangered and Special Status Species 

Threatened and endangered species for NSWC Crane are presented in Section 3.8. No evidence 

was found indicating the presence of the species listed at the Pyro Area Outside Test Bum Pad or 

in the immediate surrounding area. 

5.4.2. Visual Survey Observations and Results 

A visual survey of the Pyro Area Outside Test Bum Pad was conducted on March 20,2003. The 

Malcolm Pirnie team included Mr. Dinh, Ms. Howard, Mr. Egholm, Mr. Stark, and Mr. Walenius. 

Mr. Keith and Mr. Schantz of NSWC Crane accompanied the team. The survey team was able to 
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walk 100% of the site. The perimeter of the test pads was mapped during the site reconnaissance. 

The total area surveyed by the team was approximately 0.002-acres. A visual depiction of the site 

reconnaissance is provided on Map 5.4-1 located at the end of Section 5.4. Additional range/site 

details are illustrated on Map 5.4-2 also located at the end of Section 5.4. 

During the site reconnaissance, it was noted that the Pyro Area Outside Test Burn Pad contained 

two concrete testing basins instead of one as indicated in the Navy Range Inventory 

Questionnaire. Each basin is approximately six feet by six feet. The data collection team could 

not verify the depth of the basins because they were partially ftlled with dirt and ash. The data 

collection team observed approximately two to three feet of concrete above the ground surface. 

The concrete basins were in poor condition with deteriorating sides and evidence of damage. 

Figure 5.4-2 depicts one of the concrete testing basins as observed during the visual survey. 

Figure 5.4-2: View of one concrete testing basin in poor condition. 

The team also observed a covered storage area within the vicinity of the testing basins, as well as 

metal dumpsters located between the concrete basins and Building 126. The location of these 

items in regards to the basins is shown in Figure 5.4-3. During the site visit, the data collection 

team did not observe any munitions related debris within either basin or along the ground surface 

surrounding the basins; however, the condition of the basins provided evidence that munitions 

were tested within the basins. 
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Figure 5.4-3: View of concrete basin with storage area, dumpsters and Building 126 in 
background 

5.4.3. Munitions and Munitions Related Materials Associated with 
the Site 

This section describes the munitions or munitions related materials known or suspected to be at 

tbe site, including tbe types and estimated maximum penetration depths. This includes both MEC 

and non-hazardous munitions related scrap (e.g., fragmentation, base plates, inert mortar fins) . 

According installation persolll1el, tbe concrete testing basins were used for testing various 

pyrotechnics that were developed throughout tbe life of NSWC Crane. Tbe data collection tearn 

was unable to locate documentation indicating the specific types and quantities of pyrotechnics 

tested at the Pyro Area Outside Test Burn Pad. However, documentation was found indicating 

that tbe pyrotechnics listed below were produced within the pyrotechnics area of tbe installation 

and may bave been tested at the Pyro Areas Outside Test Burn Pad: 

• Signal, illumination, Marine, MK 2 Mod 0 

• Signal, Smoke, Marine, MK 2 Mods 0 

• Signal, illumination, Aircraft, AN-M37A2 tbru AN-M42A2; AN-M43A2 tbru 
AN-M45A2; AN-M53A2 tbru AN-M58A2 

• Signal, Smoke, Ground, M62, M64 and M65 

• Signal, Smoke and lllumination, Marine MK 13 Mod 0 

• Signal, Smoke and lllumination, Marine MK 38 Mod 0 
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• Signal, Illumination, Ground, Green, M125A1 
( 

Signal, Smoke, Ground, M128Al and M129A1 • • 
• Signal, Hand Fired, MK 80 Mods 0 and 1 

• Signal, Illumination, Aircraft, MK 6 Mod 0 

• Signal, Smoke, Aircraft, MK 7 Mod 0 

• Fuse, Warning, Railroad M72 Cartridge, Signal, MK 130, MK 138, MK 139, and 
MK 140 Mods 0 

• Cartridge, Signal, MK 121, MK 122, and MK 123 Mods 

• Flare, Aircraft, Parachute, MK 5 Mods 

• Flare, Aircraft, Parachute, MK 6 Mods 3 thru 6 

• Projectile Load, Illuminating, MK 7 Mod 0 

• Flare, Aircraft, Parachute, MK 24 Mods 2, 2A, 3, and 4 

• Projectile Load, Illuminating, MK 4 Mods 

• Projectile Load, Illuminating, MK 9 Mods 0 and 1 

• Projectile Load, Illuminating MK 11 Mod 0 

• Projectile Load, Illuminating, MK 12 Mod 

• Flare, Surface, High Altitude, Parachute MK 20 

• Cartridge, 81MM Illuminating M301A2 • • Flare, Surface M49 Grenade, Hand Illuminating MK 1 Mods 2 and 3 

• Flare, Aircraft, Parachute MK 45 Mod 0 

• Warhead, 5.0 Inch Rocket, Illuminating MK 33 Mod 1 

• Marker, Location, Marine MK 2 Mods 0 and 1 

• Signal, Smoke, Illuminating, Aircraft MK 5 Mods 3 and 4 

• Signal, Smoke and Illumination, Aircraft MK 6 Mod 3 

• Marker, Location, Marine MK 7 Mods 2 and 3 

• Marker, Location, Marine MK 9 Mod 0 

• Marker, Location, Marine MK 25 Mods 0, 1, 2, and 3 

• Marker, Location, Marine MK 58 Mod 0 

• Signal, Smoke, Aircraft MK 89 Mod 0 

• Signal, Illumination, Marine, MK 3 Mods 1, 2, and 3 

• Signal, Smoke and Illumination, Marine MKs 51, 52, and 53 Mods 

• Marker, Location, Marine, MK 26 Mod 0 and Marker Location, Submarine, MK 
75 Mod 0 

( • Signal, Smoke, Marine (Submarine) MK 2 Mods 0, 1, and 2 • NSWC Crane, Indiana 5-60 Final 
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• Marker, Location, Submarine MKs 21, 22, 23, 24, 76, 77, 78, and 79 Mods 0 

• Signal, Smoke and Illuminating, Marine MKs 66, 67, and 68 Mods 0 

• Signal, Illumination, Marine MKs 41, 45, and 46 Mod 0 

• Marker, Location, Marine, MK 28 Mod 0 and Marker Location, Submarine, MK 
80 Mod 0 

• False Target, Submarine MK 2 Mod 0 

• Marker, Location, Marine, AN-MK 1 Mod 0 and 1 

• Marker, Location, Marine, MK 1 Mods 2 (Green) and 3 (Yellow) 

• Marker, Location, Marine, MK 8 Mod 0 

• Bomb, Photoflash M120 and M120Al 

• Cartridge, Photoflash M112Al Series 

• Cartridge, Photoflash M123Al Series 

•. Cartridge, Signal, Practice Bomb MK 4 Mods 3 and 4 

• Cartridge, Signal, Practice Bomb MK 111 Mod 0 

• Marker, Location, Marine, MK 38 Mod 0 

• Single Assembly MK 25 Mod 2 

• Unit, Color Burst MK 7 Mod 0 

• Single Assembly MKs 39, 40, 43, and 44 Mod 0 

• Signal, Smoke and Illumination, Marine MK 55 Mod 0 

• Signal, Flash, Guided Missile MK 33 Mods 0 and 1 

• Signal, Flash, Guided Missile MK 37 Mod 1 

• Signal, Flash, Guided Missile MK 42 Mod 0 

• Unit, Color Burst MK 1 and MK 2 Mods 0 

• Unit, Color Burst MK 3 Mods 0 and 1 

• Unit, Color Burst MK 5 Mod 0 

• Unit, Color Burst MK 6 Mod 0 

• Marker Kit, Location MK 19 Mod 0 

• Projector, Marker MK 23 Mod 0 

• Signal, Float, Torpedo MK 21 Mod 1 

• Flare, Target, MK 28 

• Flare, Guided Missile MK 21 Mod 0 

• Tracer MK 21 Mod 0 

• Flare, Guided Missile MK 27 Mod 0 
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• Tracking Device, Smoke, MK 1 Mod 0 

• Flare, Guided Missile MK 25 Mod 0 

• Flare, Decoy, MK 42, MK 43, MK 46 and MK 47 Mod 0 

• Flare, Guided Missile MK 23 Mod 0 

• Simulator, Detonation, Explosive MK 2 

• Simulator, Booby Trap, Flash M 117 

• Simulator, Booby Trap, Illuminating M 118 

• Simulator, Booby Trap, Whistling M 119 

• Simulator, Projectile, Air Burst M74Al 

• Simulator, Projectile, Ground Burst M115A2 

• Smoke Pot, HC, MK 3 Mod 0 

• Grenade, Hand, Smoke, WP, M 15 

• Smoke Pot M6 

• Cartridge, Igniter, Turbo-Jet Engine MK 243 Mod 2 

• Flare, Ground, Parachute XM -184 

• Light, Chemical, Aerosol MK 11 Mod 0 

• Marker, Location, Chemical, MK 46 Mod 0 

The pyrotechnics identified above are used for a variety of purposes by the Navy. They can be 

target markers, smoke screens, flares and signals. No information was found to determine the 

frequency of testing or the quantity of pyrotechnics tested at the site. Kick outs of munitions or 

related debris are not anticipated based on the nature of testing at the site. 

Based on the information obtained during the data collection process, no special consideration 

munitions (CWM filled munitions, electrically fuzed munitions, DU associated munitions) are 

known or suspected to have been used at the site; therefore, the Pyro Area Outside Test Burn Pad 

are not suspected to contain special consideration MEC. 

Additional technical information about these ordnance types is included in Appendix D. 

5.4.4. MEC Presence 
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The entire site has been subdivided and categorized into one of three levels of MEC presence 

including: Known MEC Areas, Suspect MEC Areas, and Areas where No Evidence exists to 

indicate that MEC is known or is suspected to be at the site. The MEC presence is discussed 

below. 

Map 5.4-3 illustrates the munitions characterization of the Pyro Area Outside Test Burn Pad and 

is provided at the end of Section 5.4. 

5.4.4.1.Known MEC Areas 

There are no known MEC areas associated with the site. 

5.4.4.2.Suspected MEC Areas 

The entire O.002-acre Pyro Area Outside Test Bum Pad, which includes solely the concrete 

testing basins, is a suspect MEC area. No kick out of MEC is expected at the site. Map 5.4-3 

illustrates the suspect MEC area associated with the Pyro Area Outside Test Burn Pad . 

5.4.4.3.Areas Not Suspected to Contain MEC 

There are no areas at the Pyro Area Outside Test Bum Pad not suspected to contain 
MEC. 

5.4.5. Ordnance Penetration Estimates 

Since the pyrotechnics testing that occurred at the Pyro Area Outside Test Pad was conducted 

inside the concrete basins, it is not expected that the pyrotechnics penetrated the soil; however, 

the condition of the bottom of the basins is unknown. 

5.4.6. Munitions Constituents 

MC associated with the types of munitions assumed to have been used at the Pyro Area Outside 

T~st Burn Pad include a combination of various chemicals that are contained in burning-type 

colored smoke munitions and explosive-type colored smoke munitions. Chemicals used in 

typical smoke compositions include zinc oxide, sulfur, sodium hydrogen carbonate, sodium 
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chloride, and potassium chlorate. Chemicals used in compositions for photoflash and spotting 

charged include magnesium, aluminum, potassium perchlorate, and barium nitrate. In addition, 

various other chemicals could be contained in combination in burning-types smokes (i.e., heavy 

metals and ammonium perchlorate). The following is a partial list of chemicals that could be 

contained in burning-types smokes: 

• Red Smoke - 9-diethylamino-phenyl-5-benzo (a) phenazinone, 1-
(tolylazoxylylazo )-2-naphthol 

• Green Smoke - 1, 8-di-p-toluidinoanthraquinone, Orange Smoke (bum-type) 
could contain l-aminoanthraquinone 

• Orange-Red Smoke - 1-( 4-nitophenylazo )-2-naphthol. 

• Yellow Smoke - Auramine hydrochloride, 1-( 4-dimethylaminophenylazo )-2-
naphthol 

• Blue Smoke - 1, hydroxy-4-p-toluidinoanthraquinone, Indigo, 1,4-
dimethylarninoanthraquinone 

• Violet Smoke - 1,4-diamino-2, 3-dihydroanthraquinone, 1,5-di-p
toluidinoanthraquinone 

The following is a list of chemicals contained in explosive-type colored smoke munitions: 

• Red Smoke - 1-(2-methoxyphenylazo)-2-naphthol and a
methylaminoanthraquinone (Celanthrene Red) 

• Yellow Smoke - 2,4-diaminoazobenzene (Chrysoidine G, base), Aurarnine 
Hydrochloride 

• Green Smoke - 1 ,4-di-p-toluidinoanthraquinone (Quinizarin Green) plus 
quinophthalone 

• (Quinoline Yellow, base), and 1 ,4-di-p-toluidinoanthraquinone plus auramine 
hydrochloride. 

For a complete list of typical chemical compositions used in munitions tested at NSWC Crane, 

refer to Appendix B. Since kick out of MC is not anticipated to have occurred, MC would be 

located solely inside the concrete basins. 

5.4.7. Contaminant Migration Routes 

Studies have shown that ordnance can migrate due to environmental factors such as frost heave or 

erosion. Minimal amounts of MEC are expected to remain at the site based on Navy operating 
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procedures to collect and remove related debris immediately after testing. If MEC were present 

at the site, it would only be located within the concrete basins identified at the site. Testing 

occurred inside the basins; however, the condition of the bottom of the basins is unknown. Since 

it is assumed that the bottoms of the basins are concrete, MEC would not have penetrated the 

basins or surface soils. Since it is unlikely that the MEC penetrated the soil, MEC is not 

anticipated to migrate at the site. 

It is possible for MC to migrate in the environment via the groundwater, soil, air, and surface 

water. MC present at the site may migrate via soil, groundwater, or through the installation's 

wastewater treatment system. If the bottoms of the concrete basins are concrete and intact, the 

potential for MC migration is minimal; however, if the bottoms of the concrete basins are 

damaged or not concrete, MC could migrate from subsurface soils through leaching to 

groundwater. MC could be present in the concrete basins and in the soils beneath the concrete 

basins, which could migrate through infiltration or runoff. Since the soils present at the site are 

well drained and moderately well drained, contaminants could leach from the soil to groundwater. 

Due to drainage of site soils, MC could migrate via these pathways into the un-named tributary 

discharging into Boggs Creek. Since the depth to groundwater and groundwater flow direction at 

the site are unknown, the specific contaminant migration route for MC in groundwater is 

unknown. In addition, since the site is located in a developed area, MC could migrate into the 

installation's wastewater treatment system through nearby manholes due to storm water runoff. 

5.4.8. Receptors 

The potential for MEC exposure pathway exists for human receptors at the pyro Area Outside 

Test Bum Pad. MEC may be located inside the concrete testing basins. MEC potential receptors 

include Navy personnel and contractors who may encounter MEC during future demolition of the 

basins. Due to the development of the area in which the site is located and since MEC is only 

expected to be contained inside the concrete basins, it is not anticipated that wildlife would come 

into contact with MEC at the site. See Section 5.4.4 for details on the likelihood of MEC at the 

site. 

The potential MC exposure pathways for human receptors at the Pyro Area Outside Test Pad 

Area include the surface soil (zero to two feet within the concrete basins) and subsurface soils 

(greater than two feet), if the bottoms of the basins are not intact or are not concrete. Human 
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receptors may be affected through direct dermal contact, ingestion, or inhalation of surface and 

subsurface soils if the concrete basins are demolished. Navy personnel are most likely to have 

repeated and lengthy exposures at the site. Contractors and visitors will have a diminished 

duration or limited frequency of exposure to MC in the surface soil at the site. Due to the 

development of the area in which the site is located and since any MC is primarily expected to be 

contained inside the concrete basins assuming the integrity of the basins is good, it is not 

anticipated that wildlife would come into contact with MC at the site. See Section 5.4.6 for 

details on the likelihood ofMC at the site. 

5.4.8.1.Nearby Populations 

NSWC Crane makes up the majority of Martin County. The rest of Martin County is essentially 

rural with some residential areas surrounding NSWC Crane. Martin County has a population of 

10,383, which comprises 0.16 percent of the state's population. The population per square mile 

in Martin County is 30.9. NSWC Crane is the second largest employer in southwest Indiana with 

over 3,400 Navy employees and over 550 Army employees. A Combined Bachelors Quarters 

(approximately 36 rooms) and family housing (approximately 30 units) are located at NSWC' 

Crane. 

5.4.8.2. Buildings NearlWithin Site 

Building 126 is located immediately north of the site as part of the designated "Pyro Area" at the 

installation. This building is used for flare and illuminant assembly. Building 122 is also located 

adjacent to the site and is used for flare assembly. Several other buildings associated with 

pyrotechnics production are located within the immediate area of the site. Naval personnel use 

these buildings regularly. 

5.4.8.3. Utilities OnlNear Site 

The nearby buildings and facilities have utilities. NSWC Crane did not have utility maps 

available for review. The Public Works Department indicated that utility maps did not exist and 

that field verification of utilities would be required. A manhole was observed in the area of the 

concrete testing basins indicating that an underground pipeline exists at the site; however, no 

maps or records exist to document the location of the pipeline. The underground pipeline is most 
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likely associated with a sanitary or stonn water sewer line. The manhole associated with this 

underground pipeline could receive potential MC during stonn water events, and the pipeline 

itself could provide a preferred conduit for MC migration. 

5.4.9. Land Use 

The Pyro Area Outside Test Bum Pad were previously used for testing and are considered closed. 

Currently, the site is vacant and the immediate surrounding areas are used for storage. Due to the 

listed environmental concerns above, the land use of the site and surrounding areas is not 

anticipated to change for the foreseeable future. Therefore, the reasonably anticipated future land 

uses for the area are to remain closed. 

5.4.10. Access Controls / Restrictions 

Access to NSWC Crane is restricted. The NSWC Crane property is surrounded by locked, 

secured gates, with security at all entrances, as well as a security patrol. The site is located within 

the designated "Pyro Area". The "Pyro Area" is an area of the installation including six buildings 

(Building 126, 133, 1885, 1886, 2697, and 2698.) where various pyrotechnics are developed, 

manufactured, and stored. A fence surrounds the entire area of the pyrotechnics testing and 

assembly area, in which the Pyro Area Outside Test Bum Pad is located. Fencing around the 

entire site controls, restricts, and limits access to the pyrotechnics construction buildings and 

prohibits access to the area, including the Pyro Area Outside Test Bum Pad. The area is also 

provided with a security guard 24 hours a day who maintains access records. 

5.4.11. Conceptual Site Model 

This CSM was developed following guidance documents issued by the USEPA for hazardous 

waste sites and the USACE for OE sites. Guidance documents included the USEPA's Guidance 

for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EP A/540/G-

89/004) and the USACE CSM Guidance Development of Integrated Conceptual Site Models for 

Environmental Ordnance and Explosives (OE) Sites, which was final as of February 2003. 

The CSM describes the site and its environmental setting. The CSM presents infonnation 

regarding: 1) MEC and/or MC known or suspected to be at the site; 2) current and future 
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reasonably anticipated or proposed uses of the real property; and 3) actual, potentially complete, 

or incomplete exposure pathways that link them. The CSM is the basis for the risk evaluation, 

prioritization, and remediation cost estimate. 

The CSM is presented in a series of information profiles that present information about the site. 

The information profiles are included in Table 5.4-1. 

Table 5.4-1: Conceptual Site Model Information Profiles - Pyro Area Outside Test Burn Pad 

Profile Tv e Information Needs 

Installation Name 

Installation Location 

Range/Site Name 

i Range/Site Location 

Range/Site History 

Range/Site Area and Layout 

Range/Site Structures 

Range/Site Boundaries 

Range/Site Security 

Munitions Types 

. Maximum Probability Penetration 
Depth 

. MEC Density 

: MEC ScraplFragments 

NSWC Crane, Indiana 5-68 

Preliminary Assessment Findinos 

• NSWCCrane 

Crane, Martin County, Indiana 

: Pyro Area Outside Test Bum Pad 
- -

! South of Building 122 
I _ _ ~ , 
I Used for pyrotechnics testing from 1984 to 1985 
r-- . 
: Approximately O.002-acres 

i Currently contains two concrete testing basins, 
I small covered storage shed, and dumpsters. 

I N: Building 126 

, S: Highway 98 
1 

I E: Building 122 and Highway 45 
I 

: W: Route 94 , 

I The site is fenced with a security guard. 
: Restricted access. 

I Pyrotechnics (signals, flares, smoking screens, 
i etc.) -, - . 

I Munitions were deployed inside two concrete 
I 

; basins. They are not expected to have penetrated 
~ below ground surface. 

: Minimal range related debris is expected to be in 
the concrete basins based upon Navy operating 
procedures to collect and remove related debris 
immediately after testing. 

: None found during site visit. 
I _. _ . _ _ _ __ . 
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r~--

Table 5.4-1: Conceptual Site Model Information Profiles - Pyro Area Outside Test Burn Pad 

Profile Tv e Information Needs Preliminary Assessment Findin s 
- - -- - - - -.- - ----~ --- - -- - - - - --, 

. Associated Munitions Constituents l Based on the munitions assumed to be used at the 

. Migration Routes/Release 
Mechanisms 

Climate 

Topography 

Geology 

Soil 

Hydrogeology 

Hydrology 

: site, a combination of various chemicals that are 
! contained in burning-type colored smoke 
I munitions and explosive-type colored smoke 
; munitions may be present. Some chemicals used 
! in typical smoke compositions include zinc oxide, 
: sulfur, sodium hydrogen carbonate, sodium 
: chloride, and potassium chlorate. Potential 
: chemicals used in compositions for photoflash 
j and spotting charged include magnesium, 
I aluminum, potassium perchlorate, and barium 
; nitrate. In addition, various other chemicals could 
! be contained in combination in burning-types 
: smokes (i.e., heavy metals and ammonium 
I 
: perchlorate) . 

; If MEC is present, it would only be located inside 
i the concrete basins. Therefore, it is unlikely that 
r the MEC would migrate into surface or ground 

waters. MC are not anticipated to be present; 
however, if MC are present at the site, it may 
migrate via runoff in sewer system, leach into 

! soils and ground_water. 

: Temperate climate zone, which has a wide 
i temperature range between summer and winter. 

- .- __ - - 0" 

i The site is located on a relatively flat parcel of 
i land that slopes to the southwest. The elevation 
! of the site is approximately 775. 

: The area is located on the eastern flank of the , 
i Illinois Basin consisting of shale, sandstone, 
; limestone, and coal beds. The specific geology of 
; the site is unknown. 

,'._----

, Zanesville-Udorthents complex with two to six 
! percent slopes is present at the site. These soils 
I are gently sloping, shallow to deep, well drained 
I and moderately well drained. 
I -r----- ---- - -- -- ---~- -- -

t ~peci~~ ~~~o~eo~?~ of the si~e is unknow? 

I The site is located in the central drainage basin of 
• NSWC Crane. Surface water runoff from the site 
: would drain into the installation's sewer system or 
! to an un-named tributary that leads to Boggs 
i Creek. Boggs Creek eventually discharges into 
: the East Fork White River south ofNSWC Crane. 
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Table 5.4-1: Conceptual Site Model Information Profiles - Pyro At-ea Outside Test Burn Pad 

Profile Tv e Information Needs 

Vegetation 

Current Land Use 

· Current Human Receptors 

· Current Activities (frequency, 
nature of activity) 

Potential Future Land Use 

· Potential Future Human Receptors 

Potential Future Land Use-Related 
Activities: 

ZoninglLand Use Restrictions 

Demographics/Zoning 

Beneficial Resources 

Habitat Type 

Degree of Disturbance 

Ecological Receptors 

Federal Endangered Species: 

Federal Threatened Species: 

State Endangered Species: 

State Threatened Species: 

Other Ecological Receptors: 

NSWC Crane, Indiana 5-70 

Preliminarv Assessment Findinas 

o The area is covered with minimal amounts of low 
: grass . 

. The concrete testing basins are no longer used; 
I however, the surrounding area is used for storage. 

! Naval personnel, contractors, authorized visitors, 
; and trespassers. 

; No activity currently at the site. Surrounding area 
; is used for storage. 

: No change in land use is expected. 
I 

I Naval personnel, contractors, authorized visitors, 
; and trespassers if intrusive activities such as the 
: demolition of the concrete basins. 

: No changes are expected in the future land use of I the site. 

o No known zoning/land use restrictions. 

I NSWC Crane employs approximately 4,000 
: personnel, both civilian and military. Martin 
i County has a population of 10,383, which 

I 
comprises 0.16 percent of the state's population. 
The population density per square mile in Martin 

i County is 30.9. 

None present at the site. 

• Developed area. No natural habitat. 
I 

If current conditions continue, the degree of 
! disturbance at the site is high. The site is located 
o in a developed area with constant personnel 
! activity. 

o No federal endangered species are known at the 
! site. 

! None present at the site. 
I 
I 

: None present at the site. 
I 

i None present at the site. 
i 

: The site is developed and there is no natural 
habitat. 
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Table 5.4-1: Conceptual Site Model Information Profiles - Pyro Area Outside Test Burn Pad 

Profile Tv e Information Needs Preliminary Assessment Findino-s 
- - -- -- -------- .. -- - --- --r---- - - -- -. - --

i Relationship of MECIMC Sources ~ It is not anticipated that any ecological receptors 
: to Habitat and Potential Receptors ; will come into contact with MECIMC sources at 
. i the site. 

A key element of the CSM is the exposure pathway analysis. For MEC, a complete or potentially 

complete exposure pathway must include the following components: 1) a source (e.g., locations 

where MEC are expected to be found); 2) access (e.g., controlled or uncontrolled access, items on 

the surface or within the subsurface); 3) an activity (e.g., non-intrusive grounds maintenance or 

intrusive construction); and 4) receptors (e.g., Navy personnel, construction workers, recreational 

users, authorized visitors, or trespassers). It is important to recognize that environmental 

mechanisms (e.g., erosion) and/or human intervention may result in the repositioning ofMEC. 

For MC, a complete or potentially complete exposure pathway must include the following 

components: 1) a source (e.g., locations where MC are expected to be found); 2) an exposure 

medium (e.g., surface soil); 3) an exposure route (e.g., dermal contact); and 4) receptors (e.g., 

Navy personnel, construction workers, recreational users authorized visitors, or trespassers). If 

the point of exposure is riot at the same location as the source, the pathway may also include a 

release mechanism (e.g., volatilization) and a transport medium (e.g., air). 

The interactions between the source and receptors are assessed differently between MEC and 

MC. For MC, interaction between the source and receptors involves a release mechanism for the 

MC, an exposure medium that contains the MC, and an exposure route that places the receptor 

into contact with the contaminated medium. For MEC, interaction between the receptors and an 

MEC source has two components. The receptor must have access to the source and must engage 

in some activity that results in contact with individual MEC items within the source area. 

As shown in the pathway analysis figures (Figure 5.4-4 and Figure 5.4-5), the potential for MEC 

and MC exists at the Pyro Area Outside Test Burn Pad. The figures identify the pathways 

through which site receptors, including Navy personnel and contractors, and visitors, could come 

into contact with or be impacted by MEC and MC. 
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Figure 5.4-4, MEC Exposure Pathway Analysis, depicts a potential for MEC to be present at the 

site (in the concrete basins) and accessed by site receptors through surface and subsurface soils 

during intrusive activities. Human receptors (Navy personnel, contractors, and visitors) may be 

exposed to MEC during site investigations or from future land use changes that may require the 

demolition of the concrete basins. 

Figure 5.4-5, MC Exposure Pathway Analysis, shows that a potential for Me at the site exists. 

The figure identifies the exposure pathways through which site receptors could come in contact 

with or be impacted by Me. A potentially complete pathway exists for human receptors (Navy 

personnel, contractors and visitors) through ingestion, dermal contact and inhalation (dust) of 

surface and subsurface soils. Human receptors could be exposed to MC during site investigations 

or from future land use changes. If there is dermal contact, the potential for ingestion exists as 

well. 

A graphical illustration of the details of the CSM is included in Figure 5.4-6. The Pyro Area 

Outside Test Bum Pad graphical illustration was created to visually demonstrate the site 

characteristics as observed and determined by the data collection team. The graphical illustration 

shows the location of the two concrete testing basins, covered storage shed, and dumpsters 

relative to the surrounding buildings used for pyrotechnics. The concrete basins are located on a 

grassy area surrounded by a fence. All precipitation infiltration and surface water runoff would 

flow in the direction of the identified manhole following site topography. The suspected MC area 

is shown with a red dotted line. 

NSWC Crane, Indiana 5-72 Final 
April 2005 

• 

• 

• 



e e e 
z 
C/l 

:E 
(") 
(") MEC Locationl 

Receptors ... Source Area Access Activity '" Release Mechanism '" .'" 
S' 
P-
Oi' 
'" '" 

::1 
IIQ 

= ... 
t!> 

HandefTread f--I II Ul 
Underfoot 0 0 0 0 ~ 

~ 

Intrusive 1----+1 () () 0 0 I I ~ 
('j 

t'"l 
Vl ~ 
I RedeposRlon ~ -....l Erosion 0 w (I> 

Pyro .. = , ... 
Areas t!> 

Outside "':j 
~ Test Burn .... "'l :r Pad -~ Z 
~ :> '< t"" > ~ = iii' ~ 

~ 
t"I 
t"" 

1;;' ;!: ..... :z 
:> 

" -< 
• Complete Pathway :> 

CIl I 0 Incomplete PatIWay CIl 
> t"I 

t> Potentialy Complete Pathway CIl 't:l 
CIl :l . 
~ N'TJ 
t"I oS' 
2 ~~ Q) PRELIMINARY ASSESSMENT - FINAL PA REPORT MALCOLM PIRNIE. INC, -l 

~ Prepared for. PYRO AREAS OUTSIDE TEST BURN PAD - MEC EXPOSURE PATHWAY ANAlYSIS 
NSW; CRAN E, NDL6.NA FIGURE 5.4-4 

Apnl2005 



z 
Ul 

~ 
() 

() 
;;.l 

'" .e> 

[ 
~. 

Ul 
I 

-.J 
~ 

:> 
"0 
:J. 

N"TJ o ~. 

0'" v.e?. 

e 

Source Area Source Media 

.I 
-I 

.I 
1 

I 
Pyro Areas 

Outside 

~ 1 Test Bum So! 
1 Pad 

1 

1 

(9 ~ Prepared 
for. 

Release Exposure Exposure 
Receptors Mechanism Media Routes 

Navy Contractor I Trespasser Biota Personnel Vis~Q(1 

Hurter 

..., -, 
{fQ 

= ., 
I .I SUrla;eWaI.,.1 1 .I Ingestion 

1 

0 
1 

0 

1 

0 
1 

0 

I Runoff 
1 1 Sediments 1 -I Dermol Cortoe! 0 0 0 0 

II> 
Ul 

~ 
Ul 

1 .I ~ 
O-"Pl'Neaetalion 

EI 
0 

I 
0 

I 
0 

I 
0 

I 
Pl<ri/Arimoi Food Ch<Iin Domestic Anim<>ls 0 0 0 0 L\Xake 1 -I 

Oame/Flsh.4lrey 0 0 0 0 

.. 
~ 
(j 

t"'l 

Volatilization I -I ,.... ~ Inhololion 1--1 0 1 0 1 0 I 0 1 
>o! 
~ 

~ = ., 
- I () 

I 
() 0 

I 
0 

I 
.I ~ 

ingestion 
SUr'",e Soil Dermal eortact - I () () 0 0 -I 0-2 Feet 

Inhalation (Dust) - I () () 0 0 

.1 Subsurf..,. Soil ~ lnaestion 1--1 () 

I 
() 0 

I 
0 

I I .2 Feet Dermal COntact 1--1 () () 0 0 
rtlalation (Dust) f---+I () () 0 0 

1 . 1 
GroUl'lf.:M.'ater _~ 

"gestlon - I 0 

I 
0 0 

I 
0 

I Leaching Dermal eortact - I 0 0 0 0 
I I llhaIation (Vapor) ~I Q 0 0 0 

II> 

"'tI 
10 

"'l 
... =-

2! ~ 
10 > '< r :> "'0 = ~ 10 

t'l - r ~ .... -, 
$ '" 
2 

~ 
-< 

• Complete Pathway > en 
o Incomplete Pattway en 

t'l 
()Potentlally Complete Pathway en 

en 
$ 
t'l 

PRELIMINARY ASSESSMENT - FINALPA REPORT MALCOLM PlRNIE. INC. 2 
-l 

PYRO AREAS OUTSIDE TEST BURN PAD - MC EXPOSURE PATHWAY ANALYSIS 
NS'IIC CRANE, INDIANA FIGURE 5.4-5 

April 2005 

e e 



FINAL PRELIMINARY ASSESSMENT 

5.4.12. Summary 

The history of the Pyro Area Outside Test Bum Pad indicates its use for testing of various 

pyrotechnics (i.e. flares, signals, smoking screens, etc.) from 1984 through 1985. No evidence of 

MEC was observed at the Pyro Area Outside Test Bum Pad; however, the concrete testing basins 

were in poor condition indicating that testing occurred inside the basins. It was Navy policy at 

the time to remove ordnance and related debris immediately after testing. Dirt and ash were 

observed in the concrete basins. MC associated with the types of munitions known to have been 

used at the site include a combination of various chemicals that are contained in burning-type 

colored smoke munitions and explosive-type colored smoke munitions. Some chemicals used in 

typical smoke compositions include heavy metals, perchlorate, zinc oxide, and sodium chloride. 

Chemicals used in compositions for photoflash and spotting charged include magnesium, 

aluminum, potassium perchlorate, and barium nitrate. No investigations for MEC or MC have 

been conducted at the Pyro Area Outside Test Bum Pad. 
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5.4. PYRO AREA OUTSIDE TEST BURN PAD 

5.4.1. History and Site Description 

The Pyro Area Outside Test Bum Pad is located in the north-central portion of NSWC Crane as 

shown in Map 2.1-1. The Pyro Area is located south of Building 126 and west of Highway 45 in 

the Pyrotechnic Area of NSWC Crane. The Pyro Area Outside Test Burn Pad is approximately 

0.002 acres. The size of the test area was mapped and calculated during the visual survey of the 

site. This area agrees with the 0.002 acres identified in the Navy Range Inventory. The Pyro 

Area Outside Test Burn Pad consists of two concrete basins located within a fenced area south of 

Building 122 as shown in Figure 5.4-1. 

Figure 5.4-1: View oftbe concrete testing basins located inside fence 

The concrete basins are separated from Building 126 by a grass and pavement area, three 

dumpsters, and a storage area. The concrete basins are approximately 30 feet apart and are in 

deteriorating condition. 

The Pyro Area Outside Test Burn Pad was used from 1984 to 1985 to test various types of 

pyrotechnics that were developed at NSWC Crane, such as flares, signals, and screening smokes. 

According to Mr. Schantz, all testing conducted at the site was inside the concrete basins. Testing 
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perfonned at the Pyro Area Outside Test Bum Pad was probably associated with the pyrotechnics 

(flare assembly) production occurring in Building 126. Building 126, which is located north of 

the Pyro Area Outside Test Bum Pad, has historically been used for illuminant assembly. The 

Pyro Area Outside Test Bum Pad is included in SWMU 27. 

5.4.lot.Topography 

The Pyro Area Outside Test Bum Pad is located in the north-central portion of NSWC Crane. 

The Pyro Area Outside Test Bum Pad is located on a relatively flat parcel of land that gently 

slopes to the southwest. The elevation ofthe site is approximately 775 feet. 

5.4.lo2.Geology 

There are no wells located directly on or in the immediate vicinity of the Pyro Area Outside Test 

Bum Pad; therefore, the specific site geology is unknown. A description of the regional geology 

can be found in Section 3.3. 

5.4.lo3.Soil and Vegetation Types 

The Pyro Area Outside Test Bum Pad and the surrounding area are located in a developed area 

with limited grass areas. 

According to the Martin County Soil Survey, the Zanesville-Udorthents complex with two to six 

percent slopes (ZnB) is present at the Pyro Area Outside Test Bum Pad. These gently sloping, 

shallow to deep, well drained and moderately well drained soils are on the tops of ridges in the 
, 

uplands. They are about 48 percent Zanesville soil and 42 percent Udorthents. The Zanesville 

soil and Udorthents soil occur as areas so intricately mixed that mapping them separately is not 

practical. The Zanesville soil has a moderate available water capacity, and the Udorthents soil 

has moderate penneability and available water capacity. Erosion and runoff are possible if 

cultivated crops are grown; however, the Pyro Area Outside Test Bum Pad is developed, so the 

site is less prone to erosion. The frost line in southern Indiana is approximately 2.5 feet bgs. 

Even though these soils contain fine grains, frost heave may not be a concern since the soils are 

very well drained. 
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5.4.1.4.Hydrology 

The Pyro Area Outside Test Bum Pad is located within the central portion of the installation and 

lie within the central drainage basin. Surface water runoff from the site drains south into an un

named tributary, which flows southwest into Boggs Creek. Boggs Creek eventually empties into 

the East Fork of the White River south ofNSWC Crane. 

5.4.1.5.Hydrogeology 

There are no wells located directly on or in the immediate vicinity of the Pyro Area Outside Test 

Bum Pad; therefore, specific hydrogeology of the site is unknown. A description of the regional 

hydrogeology can be found in Section 3.6. 

5.4.1.6.Cultural and Natural Resources 

Although the potential for cultural resources exist for the area in which the site is located, there 

have not been any archeological or cultural sites identified near the site. No records were found 

identifying specific cultural resources at the Pyro Area Outside Test Bum Pad in the Cultural 

Resources Survey from June 1992. No sites were identified on the Indiana Register of Historic 

Sites and Structures (Indiana State Register) or the National Register of Historic Places. Since 

the Pyro Area Outside Test Bum Pad area is developed, no natural resources exist at the site. 

5.4.1.7.Endangered and Special Status Species 

Threatened and endangered species for NSWC Crane are presented in Section 3.8. No evidence 

was found indicating the presence of the species listed at the Pyro Area Outside Test Burn Pad or 

in the immediate surrounding area. 

5.4.2. Visual Survey Observations and Results 

A visual survey of the Pyro Area Outside Test Bum Pad was conducted on March 20,2003. The 

Malcolm Pirnie team included Mr. Dinh, Ms. Howard, Mr. Egholm, Mr. Stark, and Mr. Walenius. 

Mr. Keith and Mr. Schantz ofNSWC Crane accompanied the team. The survey team was able to 
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walk 100% of the site. The perimeter of the test pads was mapped during the site reconnaissance. 

The total area surveyed by the team was approximately 0.002-acres. A visual depiction of the site 

reconnaissance is provided on Map 5.4-1 located at the end of Section 5.4. Additional range/site 

details are illustrated on Map 5.4-2 also located at the end of Section 5.4. 

During the site reconnaissance, it was noted that the Pyro Area Outside Test Burn Pad contained 

two concrete testing basins instead of one as indicated in the Navy Range Inventory 

Questionnaire. Each basin is approximately six feet by six feet. The data collection team could 

not verify the depth of the basins because they were partially filled with dirt and ash. The data 

collection team observed approximately two to three feet of concrete above the ground surface. 

The concrete basins were in poor condition with deteriorating sides and evidence of damage. 

Figure 5.4-2 depicts one ofthe concrete testing basins as observed during the visual survey. 

Figure 5.4-2: View of one concrete testing basin in poor condition. 

The team also observed a covered storage area within the vicinity of the testing basins, as well as 

metal dumpsters located between the concrete basins and Building 126. The location of these 

items in regards to the basins is shown in Figure 5.4-3. During the site visit, the data collection 

team did not observe any munitions related debris within either basin or along the ground surface 

surrounding the basins; however, the condition of the basins provided evidence that munitions 

were tested within the basins. 
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Figure 5.4-3: View of concrete basin with storage area, dumpsters and Building 126 in 
background 

5.4.3. Munitions and Munitions Related Materials Associated with 
the Site 

This section describes the munitions or munitions related materials known or suspected to be at 

the site, including the types and estimated maximum penetration depths. This includes both MEC 

and non-hazardous munitions related scrap (e.g. , fragmentation, base plates, inert mortar fins) . 

According installation personnel, the concrete testing basins were used for testing various 

pyrotechnics that were developed throughout the life of NSWC Crane. The data collection team 

was unable to locate documentation indicating the specific types and quantities of pyrotechnics 

tested at the Pyro Area Outside Test Burn Pad. However, documentation was found indicating 

that the pyrotechnics listed below were produced within the pyrotechnics area of the installation 

and may have been tested at the Pyro Areas Outside Test Burn Pad: 

• Signal, lllumination, Marine, MK. 2 Mod 0 

• Signal, Smoke, Marine, MK. 2 Mods 0 

• Signal, lllumination, Aircraft, AN-M37A2 thru AN-M42A2; AN-M43A2 thru 
AN-M45A2; AN-M53A2 thru AN-M58A2 

• Signal, Smoke, Ground, M62, M64 and M65 

• Signal, Smoke and Ulumination, Marine MK 13 Mod 0 

• Signal, Smoke and lllumination, Marine MK. 38 Mod 0 
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• Signal, Illumination, Ground, Green, M125Al 
( 

Signal, Smoke, Ground, M128Al and M129Al • • 
• Signal, Hand Fired, MK 80 Mods 0 and 1 

• Signal, Illumination, Aircraft, MK 6 Mod 0 

• Signal, Smoke, Aircraft; MK 7 Mod 0 

• Fuse, Warning, Railroad M72 Cartridge, Signal, MK 130, MK 138, MK 139, and 
MK 140 Mods 0 

• Cartridge, Signal, MK 121, MK 122, and MK 123 Mods 

• Flare, Aircraft, Parachute, MK 5 Mods 

• Flare, Aircraft, Parachute, MK 6 Mods 3 thru 6 

• Projectile Load, Illuminating, MK 7 Mod 0 

• Flare, Aircraft, Parachute, MK 24 Mods 2, 2A, 3, and 4 

• Projectile Load, Illuminating, MK 4 Mods 

• Projectile Load, Illuminating, MK 9 Mods 0 and 1 

• Projectile Load, Illuminating MK 11 Mod 0 

• Projectile Load, Illuminating, MK 12 Mod 

• Flare, Surface, High Altitude, Parachute MK 20 

• Cartridge, 81MM Illuminating M301A2 • • Flare, Surface M49 Grenade, Hand llluminating MK 1 Mods 2 and 3 

• Flare, Aircraft, Parachute MK 45 Mod 0 

• Warhead, 5.0 Inch Rocket, Illuminating MK 33 Mod 1 

• Marker, Location, Marine MK 2 Mods 0 and 1 

• Signal, Smoke, Illuminating, Aircraft MK 5 Mods 3 and 4 

• Signal, Smoke and Illumination, Aircraft MK 6 Mod 3 

• Marker, Location, Marine MK 7 Mods 2 and 3 

• Marker, Location, Marine MK 9 Mod 0 

• Marker, Location, Marine MK 25 Mods 0, 1, 2, and 3 

• Marker, Location, Marine MK 58 Mod 0 

• Signal, Smoke, Aircraft MK 89 Mod 0 

• Signal, Illumination, Marine, MK 3 Mods 1,2, and 3 

• Signal, Smoke and Illumination, Marine MKs 51, 52, and 53 Mods 

• Marker, Location, Marine, MK 26 Mod 0 and Marker Location, Submarine, MK 
75 ModO 

( • Signal, Smoke, Marine (Submarine) MK 2 Mods 0,1, and 2 • 
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• Marker, Location, Submarine MKs 21,22,23,24,76, 77, 78, and 79 Mods 0 

• Signal, Smoke and Illuminating, Marine MKs 66, 67, and 68 Mods 0 

• Signal, Illumination, Marine MKs 41, 45, and 46 Mod 0 

• Marker, Location, Marine, MK 28 Mod 0 and Marker Location, Submarine, MK 
80 Mod 0 

• False Target, Submarine MK 2 Mod 0 

• Marker, Location, Marine, AN-MK 1 Mod 0 and 1 

• Marker, Location, Marine, MK 1 Mods 2 (Green) and 3 (Yellow) 

• Marker, Location, Marine, MK 8 Mod 0 

• Bomb, Photoflash M120 and M120A1 

• Cartridge, Photoflash Ml12A1 Series 

• Cartridge, Photoflash M123A1 Series 

• Cartridge, Signal, Practice Bomb MK 4 Mods 3 and 4 

• Cartridge, Signal, Practice Bomb MK 111 Mod 0 

• Marker, Location, Marine, MK 38 Mod 0 

• Single Assembly MK 25 Mod 2 

• Unit, Color Burst MK 7 Mod 0 

• Single Assembly MKs 39, 40, 43, and 44 Mod 0 

• Signal, Smoke and Illumination, Marine MK 55 Mod 0 

• Signal, Flash, Guided Missile MK 33 Mods 0 and 1 

• Signal, Flash, Guided Missile MK 37 Mod 1 

• Signal, Flash, Guided Missile MK 42 Mod 0 

• Unit, Color Burst MK 1 and MK 2 Mods 0 

• Unit, Color Burst MK 3 Mods 0 and 1 

• Unit, Color Burst MK 5 Mod 0 

• Unit, Color Burst MK 6 Mod 0 

• Marker Kit, Location MK 19 Mod 0 

• Projector, Marker MK 23 Mod 0 

• Signal, Float, Torpedo MK 21 Mod 1 

• Flare, Target, MK 28 

• Flare, Guided Missile MK 21 Mod 0 

• Tracer MK 21 Mod 0 

• Flare, Guided Missile MK 27 Mod 0 
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• Tracking Device, Smoke, MK I Mod 0 

• Flare, Guided Missile MK 25 Mod 0 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Flare, Decoy, MK 42, MK 43, MK 46 and MK 47 Mod 0 

Flare, Guided Missile MK 23 Mod 0 

Simulator, Detonation, Explosive MK 2 

Simulator, Booby Trap, Flash Ml17 

Simulator, Booby Trap, Illuminating M 118 

Simulator, Booby Trap, Whistling M 119 

Simulator, Projectile, Air Burst M74A1 

Simulator, Projectile, Ground Burst Ml15A2 

Smoke Pot, HC, MK 3 Mod 0 

Grenade, Hand, Smoke, WP, MI5 

Smoke Pot M6 

Cartridge, Igniter, Turbo-Jet Engine MK 243 Mod 2 

Flare, Ground, Parachute XM -184 

Light, Chemical, Aerosol MK 11 Mod 0 

Marker, Location, Chemical, MK 46 Mod 0 

The pyrotechnics identified above are used for a variety of purposes by the Navy, They can be 

target markers, smoke screens, flares and signals, No information was found to determine the 

frequency of testing or the quantity of pyrotechnics tested at the site. Kick outs of munitions or 

related debris are not anticipated based on the nature of testing at the site. 

Based on the information obtained during the data collection process, no special consideration 

munitions (CWM filled munitions, electrically fuzed munitions, DU associated munitions) are 

known or suspected to have been used at the site; therefore, the Pyro Area Outside Test Bum Pad 

are not suspected to contain special consideration MEC. 

Additional technical information about these ordnance types is included in Appendix D. 

5.4.4. MEC Presence 
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The entire site has been subdivided and categorized into one of three levels of MEC presence 

including: Known MEC Areas, Suspect MEC Areas, and Areas where No Evidence exists to 

indicate that MEC is known or is suspected to be at the site. The MEC presence is discussed 

below. 

Map 5.4-3 illustrates the munitions characterization of the Pyro Area Outside Test Burn Pad and 

is provided at the end of Section 5.4. 

5.4.4.1.Known MEC Areas 

There are no known MEC areas associated with the site. 

5.4.4.2.Suspected MEC Areas 

The entire O.002-acre Pyro Area Outside Test Burn Pad, which includes solely the concrete 

testing basins, is a suspect MEC area. No kick out of MEC is expected at the site. Map 5.4-3 

illustrates the suspect MEC area associated with the Pyro Area Outside Test Burn Pad. 

5.4.4.3.Areas Not Suspected to Contain MEC 

There are no areas at the Pyro Area Outside Test Bum Pad not suspected to contain 
MEC. 

5.4.5. Ordnance Penetration Estimates 

Since the pyrotechnics testing that occurred at the Pyro Area Outside Test Pad was conducted 

inside the concrete basins, it is not expected that the pyrotechnics penetrated the soil; however, 

the condition of the bottom of the basins is unknown. 

5.4.6. Munitions Constituents 

MC associated with the types of munitions assumed to have been used at the Pyro Area Outside 

Test Burn Pad include a combination of various chemicals that are contained in burning-type 

colored smoke munitions and explosive-type colored smoke munitions. Chemicals used in 

typical smoke compositions include zinc oxide, sulfur, sodium hydrogen carbonate, sodium 
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chloride, and potassium chlorate. Chemicals used in compositions for photoflash and spotting 

charged include magnesium, aluminum, potassium perchlorate, and barium nitrate. In addition, 

various other chemicals could be contained in combination in burning-types smokes (i.e., heavy 

metals and ammonium perchlorate). The following is a partial list of chemicals that could be 

contained in burning-types smokes: 

• Red Smoke - 9-diethylamino-phenyl-5-benzo (a) phenazinone, 1-
(tolylazoxylylazo )-2-naphthol 

• Green Smoke - 1, 8-di-p-toluidinoanthraquinone, Orange Smoke (bum-type) 
could contain l-aminoanthraquinone 

• Orange-Red Smoke - 1-( 4-nitophenylazo )-2-naphthol. 

• Yellow Smoke - Auramine hydrochloride, 1-( 4-dimethylaminophenylazo )-2-
naphthol 

• Blue Smoke - 1, hydroxy-4-p-toluidinoanthraquinone, Indigo, 1,4-
dimethylaminoanthraquinone 

• Violet Smoke - 1,4-diamino-2, 3-dihydroanthraquinone, 1,5-di-p
toluidinoanthraquinone 

The following is a list of chemicals contained in explosive-type colored smoke munitions: 

• Red Smoke - 1-(2-methoxyphenylazo )-2-naphthol and a
methylaminoanthraquinone (Celanthrene Red) 

• Yellow Smoke - 2,4-diaminoazobenzene (Chrysoidine G, base), Auramine 
Hydrochloride 

• Green Smoke - 1,4-di-p-toluidinoanthraquinone (Quinizarin Green) plus 
quinophthalone 

• (Quinoline Yellow, base), and 1,4-di-p-toluidinoanthraquinone plus auramine 
hydrochloride. 

For a complete list of typical chemical compositions used in munitions tested at NSWC Crane, 

refer to Appendix B. Since kick out of MC is not anticipated to have occurred, MC would be 

located solely inside the concrete basins. 

5.4.7. Contaminant Migration Routes 

Studies have shown that ordnance can migrate due to environmental factors such as frost heave or 

erosion. Minimal amounts of MEC are expected to remain at the site based on Navy operating 
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procedures to collect and remove related debris immediately after testing. If MEC were present 

at the site, it would only be located within the concrete basins identified at the site. Testing 

occurred inside the basins; however, the condition of the bottom of the basins is unknown. Since 

it is assumed that the bottoms of the basins are concrete, MEC would not have penetrated the 

basins or surface soils. Since it is unlikely that the MEC penetrated the soil, MEC is not 

anticipated to migrate at the site. 

It is possible for MC to migrate in the environment via the groundwater, soil, air, and surface 

water. MC present at the site may migrate via soil, groundwater, or through the installation's 

wastewater treatment system. If the bottoms of the concrete basins are concrete and intact, the 

potential for MC migration is minimal; however, if the bottoms of the concrete basins are 

damaged or not concrete, MC could migrate from subsurface soils through leaching to 

groundwater. MC could be present in the concrete basins and in the soils beneath the concrete 

basins, which could migrate through infiltration or runoff. Since the soils present at the site are 

well drained and moderately well drained, contaminants could leach from the soil to groundwater. 

Due to drainage of site soils, MC could migrate via these pathways into the un-named tributary 

discharging into Boggs Creek. Since the depth to groundwater and groundwater flow direction at 

the site are unknown, the specific contaminant migration route for MC in groundwater is 

unknown. In addition, since the site is located in a developed area, MC could migrate into the 

installation's wastewater treatment system through nearby manholes due to storm water runoff. 

5.4.8. . Receptors 

The potential for MEC exposure pathway exists for human receptors at the Pyro Area Outside 

Test Burn Pad. MEC may be located inside the concrete testing basins. MEC potential receptors 

include Navy personnel and contractors who may encounter MEC during future demolition of the 

basins. Due to the development of the area in which the site is located and since MEC is only 

expected to be contained inside the concrete basins, it is not anticipated that wildlife would come 

into contact with MEC at the site. See Section 5.4.4 for details on the likelihood of MEC at the 

site. 

The potential MC exposure pathways for human receptors at the Pyro Area Outside Test Pad 

Area include the surface soil (zero to two feet within the concrete basins) and subsurface soils 

(greater than two feet), if the bottoms of the basins are not intact or are not concrete. Human 
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receptors may be affected through direct dermal contact, ingestion, or inhalation of surface and 

subsurface soils if the concrete basins are demolished. Navy personnel are most likely to have 

repeated and lengthy exposures at the site. Contractors and visitors will have a diminished 

duration or limited frequency of exposure to MC in the surface soil at the site. Due to the 

development of the area in which the site is located and since any MC is primarily expected to be 

contained inside the concrete basins assuming the integrity of the basins is good, it is not 

anticipated that wildlife would come into contact with MC at the site. See Section 5.4.6 for 

details on the likelihood ofMC at the site. 

5.4.8.1.Nearby Populations 

NSWC Crane makes up the majority of Martin County. The rest of Martin County is essentially 

rural with some residential areas surrounding NSWC Crane. Martin County has a population of 

10,383, which comprises 0.16 percent of the state's population. The population per square mile 

in Martin County is 30.9. NSWC Crane is the second largest employer in southwest Indiana with 

over 3,400 Navy employees and over 550 Army employees. A Combined Bachelors Quarters 

(approximately 36 rooms) and family housing (approximately 30 units) are located at NSWC 

Crane. 

5.4.8.2. Buildings NearlWithin Site 

Building 126 is located immediately north of the site as part of the designated "Pyro Area" at the 

installation. This building is used for flare and illuminant assembly. Building 122 is also located 

adjacent to the site and is used for flare assembly. Several other buildings associated with 

pyrotechnics production are located within the immediate area of the site. Naval personnel use 

these buildings regularly. 

5.4.8.3. Utilities OoJNear Site 

The nearby buildings and facilities have utilities. NSWC Crane did not have utility maps 

available for review. The Public Works Department indicated that utility maps did not exist and 

that field verification of utilities would be required. A manhole was observed in the area of the 

concrete testing basins indicating that an underground pipeline exists at the site; however, no 

maps or records exist to document the location of the pipeline. The underground pipeline is most 
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likely associated with a sanitary or storm water sewer line. The manhole associated with this 

underground pipeline could receive potential MC during storm water events, and the pipeline 

itself could provide a preferred conduit for MC migration. 

5.4.9. Land Use 

The Pyro Area Outside Test Bum Pad were previously used for testing and are considered closed. 

Currently, the site is vacant and the immediate surrounding areas are used for storage. Due to the 

listed environmental concerns above, the land use of the site and surrounding areas is not 

anticipated to change for the foreseeable future. Therefore, the reasonably anticipated future land 

uses for the area are to remain closed. 

5.4.10. Access Controls / Restrictions 

Access to NSWC Crane is restricted. The NSWC Crane property is surrounded by locked, 

secured gates, with security at all entrances, as well as a security patrol. The site is located within 

the designated "Pyro Area". The "Pyro Area" is an area of the installation including six buildings 

(Building 126, 133, 1885, 1886, 2697, and 2698.) where various pyrotechnics are developed, 

manufactured, and stored. A fence surrounds the entire area of the pyrotechnics testing and 

assembly area, in which the Pyro Area Outside Test Bum Pad is located. Fencing around the 

entire site controls, restricts, and limits access to the pyrotechnics construction buildings and 

prohibits access to the area, including the Pyro Area Outside Test Bum Pad. The area is also 

provided with a security guard 24 hours a day who maintains access records. 

5.4.11. Conceptual Site Model 

This CSM was developed following guidance documents issued by the USEPA for hazardous 

waste sites and the USACE for OE sites. Guidance documents included the USEPA's Guidance 

for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EP A/540/G-

89/004) and the USACE CSM Guidance Development of Integrated Conceptual Site Models for 

Environmental Ordnance and Explosives (OE) Sites, which was final as of February 2003. 

The CSM describes the site and its environmental setting. The CSM presents information 

regarding: 1) MEC and/or MC known or suspected to be at the site; 2) current and future 
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reasonably anticipated or proposed uses of the real property; and 3) actual, potentially complete, 

or incomplete exposure pathways that link them. The CSM is the basis for the risk evaluation, 

prioritization, and remediation cost estimate. 

The CSM is presented in a series of information profiles that present information about the site. 

The information profiles are included in Table 5.4-1. 

Table 5.4-1: Conceptual Site Modcllnformation Profiles - Pyro Area Outside Test Burn Pad 

Profile Tv e Information Needs 

Installation Name 

• Installation Location 

Range/Site Name 

• Range/Site Location 

Range/Site History 

Range/Site Area and Layout 

Range/Site Structures 

Range/Site Boundaries 

Range/Site Security 

Munitions Types 

Maximum Probability Penetration 
; Depth 

l 
: MEC Density 

i MEC ScraplFragments 

NSWC Crane, Indiana 5-68 

Preliminary Assessment FindinGS 

. NSWC Crane 

: Crane, Martin County, Indiana 

j Pyro Area Outside Test Burn Pad 

I South of Building 122 

\ Used for pyrotechnics testing from 1984 to 1985 

i. Approximately O.002-acres 

: Currently contains two concrete testing basins, , 
I small covered storage shed, and dumpsters. 

N: Building 126 

: S: Highway 98 

I E: Building 122 and Highway 45 

I W: Route 94 

: The site is fenced with a security guard. 
i Restricted access. 

, Pyrotechnics (signals, flares, smoking screens, 
; etc.) 

. Munitions were deployed inside two concrete 
\ basins. They are not expected to have penetrated 
! below ground surface. 

: Minimal range related debris is expected to be in 
; the concrete basins based upon Navy operating 

procedures to collect and remove related debris 
immediately after testing. 

None found during site visit. 
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Table 5.4-1: Conceptual Site Model Information Protiles - Pyro Area Outside Test Burn Pad 

Protile Tv e Information Needs 

. Associated Munitions Constituents 
I 

I-

, Migration RouteslRelease 
: Mechanisms 

Climate 

Topography 

Geology 

Soil 

Hydrogeology 

Hydrology 

NSWC Crane, Indiana 5-69 

Preliminarv Assessment Findinvs 

\ Based on the munitions assumed to be used at the 
; site, a combination of various chemicals that are 
! contained in burning-type colored smoke 
: munitions and explosive-type colored smoke 
: munitions may be present. Some chemicals used 
; in typical smoke compositions include zinc oxide, 
! sulfur, sodium hydrogen carbonate, sodium 
: chloride, and potassium chlorate. Potential 
I chemicals used in compositions for photoflash 

and spotting charged include magnesium, 
aluminum, potassium perchlorate, and barium 
nitrate. In addition, various other chemicals could 
be contained in combination in burning-types 

i smokes (i.e., heavy metals and ammonium 
i perchlorate). 

: If MEC is present, it would only be located inside 
~ the concrete basins. Therefore, it is unlikely that 
! the MEC would migrate into surface or ground 
i waters. MC are not anticipated to be present; 
'I however, ifMC are present at the site, it may 
I migrate via runoff in sewer system, leach into 
: soils and groundwater. 
, 
, Temperate climate zone, which has a wide 
I 

: temperature range between summer and winter. 
-; _. _ .. ' .. - . - -... 

! The site is located on a relatively flat parcel of 
i land that slopes to the southwest. The elevation 
: of the site is approximately 775. 

; The area is located on the eastern flank of the 
Illinois Basin consisting of shale, sandstone, 

: limestone, and coal beds. The specific geology of 
; the site is unknown . . 

-j --- ---- •. ------ ------

: Zanesville-Udorthents complex with two to six 
! percent slopes is present at the site. These soils 
! are gently sloping, shallow to deep, well drained 

. L~?d ~~~::.at~~~_,,:el!.~rai~ed~_ . 
Specific hydrogeology of the site is unknown. 

The site is located in the central drainage basin of " 
NSWC Crane. Surface water runoff from the site 

i would drain into the installation's sewer system or 
, to an un-named tributary that leads to Boggs 
I Creek. Boggs Creek eventually discharges into 
! the East Fork White River south of NSWC Crane. I 
I 
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Table 5.4-1: Conceptual Site Model Information Profiles - Pyro Area Outside Test Burn Pad 

Profile Tv e Information Needs 

Vegetation 

Current Land Use 

. Current Human Receptors 

Current Activities (frequency, 
nature of activity) 

Potential Future Land Use 

Potential Future Human Receptors 

Preliminarv Assessment Findinos 

· The area is covered with minimal amounts of low 
· grass. 

, The concrete testing basins are no longer used; 
I however, the surrounding area is used for storage. 
, -

: Naval personnel, contractors, authorized visitors, 
i and trespassers. 

: No activity currently at the site. Surrounding area 
: is used for storage. 
",-
~ No change in land use is expected. 

: Naval personnel, contractors, authorized visitors, 
i and trespassers if intrusive activities such as the 
~ demolition of the concrete basins. 
I 

Potential Future Land Use-Related i No changes are expected in the future land use of 
Activities: the site. 

Zoning/Land Use Restrictions 

Demographics/Zoning 

Beneficial Resources 

Habitat Type 

Degree of Disturbance 

Ecological Receptors 

Federal Endangered Species: 

Federal Threatened Species: 

State Endangered Species: 

State Threatened Species: 

Other Ecological Receptors: 

: No known zoning/land use restrictions. 

I NSWC Crane employs approximately 4,000 
I 

: personnel, both civilian and military. Martin 
! County has a population of 10,383, which 
: comprises 0.16 percent of the state's population. 
; The population density per square mile in Martin 
; County is 30.9. 

None present at the site. 

; Developed area. No natural habitat. 
, 
· If current conditions continue, the degree of 

disturbance at the site is high. The site is located 
in a developed area with constant personnel 

· activity. 

; No federal endangered species are known at the 
site. 

! None present at the site. 

; None present at the site. 
I 
, None present at the site. 

I The site is developed and there is nO natural 
• habitat. 
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Table 5.4-1: Conceptual Site t\'fodel lnformation Profiles - Pyro Area Outside Test Burn Pad 

Profile Tv e Information Needs Preliminary Assessment Findincrs 

Relationship of MECIMC Sources : It is not anticipated that any ecological receptors 
to Habitat and Potential Receptors : will come into contact with MECIMC sources at 

; the site. 

A key element of the CSM is the exposure pathway analysis. For MEC, a complete or potentially 

complete exposure pathway must include the following components: 1) a source (e.g., locations 

where MEC are expected to be found); 2) access (e.g., controlled or uncontrolled access, items on 

the surface or within the subsurface); 3) an activity (e.g., non-intrusive grounds maintenance or 

intrusive construction); and 4) receptors (e.g., Navy personnel, construction workers, recreational 

users, authorized visitors, or trespassers). It is important to recognize that environmental 

mechanisms (e.g., erosion) and/or human intervention may result in the repositioning ofMEC. 

For MC, a complete or potentially complete exposure pathway must include the following 

components: 1) a source (e.g., locations where MC are expected to be found); 2) an exposure 

medium (e.g., surface soil); 3) an exposure route (e.g., dermal contact); and 4) receptors (e.g., 

Navy personnel, construction workers, recreational users authorized visitors, or trespassers). If 

the point of exposure is not at the same location as the source, the pathway may also include a 

release mechanism (e.g., volatilization) and a transport medium (e.g., air). 

The interactions between the source and receptors are assessed differently between MEC and 

MC. For MC, interaction between the source and receptors involves a release mechanism for the 

MC, an exposure medium that contains the MC, and an exposure route that places the receptor 

into contact with the contaminated medium. For MEC, interaction between the receptors and an 

MEC source has two components. The receptor must have access to the source and must engage 

in some activity that results in contact with individual MEC items within the source area. 

As shown in the pathway analysis figures (Figure 5.4-4 and Figure 5.4-5), the potential for MEC 

and MC exists at the Pyro Area Outside Test Burn Pad. The figures identify the pathways 

through which site receptors, including Navy personnel and contractors, and visitors, could come 

into contact with or be impacted by MEC and MC. 

NSWC Crane, Indiana 5-71 Final 
April 2005 



( .. 

FINAL PRELIMINARY ASSESSMENT 

Figure 5.4-4, MEC Exposure Pathway Analysis, depicts a potential for MEC to be present at the 

site (in the concrete basins) and accessed by site receptors through surface and subsurface soils 

during intrusive activities. Human receptors (Navy personnel, contractors, and visitors) may be 

exposed to MEC during site investigations or from future land use changes that may require the 

demolition of the concrete basins. 

Figure 5.4-5, MC Exposure Pathway Analysis, shows that a potential for MC at the site exists. 

The figure identifies the exposure pathways through which site receptors could come in contact 

with or be impacted by MC. A potentially complete pathway exists for human receptors (Navy 

personnel, contractors and visitors) through ingestion, dermal contact and inhalation (dust) of 

surface and subsurface soils. Human receptors could be exposed to MC during site investigations 

or from future land use changes. If there is dermal contact, the potential for ingestion exists as 

well. 

A graphical illustration of the details of the CSM is included in Figure 5.4-6. The Pyro Area 

Outside Test Bum Pad graphical illustration was created to visually demonstrate the site 

characteristics as observed and determined by the data collection team. The graphical illustration 

shows the location of the two concrete testing basins, covered storage shed, and dumpsters 

relative to the surrounding buildings used for pyrotechnics. The concrete basins are located on a 

grassy area surrounded by a fence. All precipitation infiltration and surface water runoff would 

flow in the direction of the identified manhole following site topography. The suspected MC area 

is shown with a red dotted line. 
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5.4.12. Summary 

The history of the Pyro Area Outside Test Bum Pad indicates its use for testing of various 

pyrotechnics (i.e. flares, signals, smoking screens, etc.) from 1984 through 1985. No evidence of 

MEC was observed at the Pyro Area Outside Test Bum Pad; however, the concrete testing basins 

were in poor condition indicating that testing occurred inside the basins. It was Navy policy at 

the time to remove ordnance and related debris immediately after testing. Dirt and ash were 

observed in the concrete basins. MC associated with the types of munitions known to have been 

used at the site include a combination of various chemicals that are contained in burning-type 

colored smoke munitions and explosive-type colored smoke munitions. Some chemicals used in 

typical smoke compositions include heavy metals, perchlorate, zinc oxide, and sodium chloride. 

Chemicals used in compositions for photoflash and spotting charged include magnesium, 

aluminum, potassium perchlorate, and barium nitrate. No investigations for MEC or MC have 

been conducted at the Pyro Area Outside Test Bum Pad. 
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5.5. TEST PADS ON HILL BEHIND B-198 

5.5.1. History and Site Description 

The Test Pads on Hill Behind B-198 are located in the central-western portion ofNSWC Crane as 

shown in Map 2.1-1. The O.oI-acre area designated as the Test Pads on Hill Behind B-198 is the 

circular sand test pads located northeast of Building 198. The range inventory estimated the site 

acreage to be 0.1; however, the perimeter of the circular test pads was calculated by the data 

collection team. The circular sand test pads are situated in the middle of cleared woodland area 

as shown in Figure 5.5-1. A concrete holding tank. is located east of the pads in a lower 

topographic area. Remnants of drainage piping discharging into the holding tank. were observed 

along the perimeter of the pads. The site is located near the same general area as SWMU 18/13, 

Loading and Filling Area Buildings. 

Figure 5.5-1: View of Test Pads on hiD Bebind 8-198 

The Test Pads on Hill Behind B-198 were used from 1983 through 1985 for the development and 

testing of safe disposal methods for various types of dyes. Personnel at NSWC Crane developed 

and tested an item constructed of a 2.75-inch warhead that functioned through the use of a 

blasting cap detonating a C-4 booster, which then detonated a Baratol imploding charge. The 

NSWC Crane, Indiana 
5-80 

Final 
April 2005 



FINAL PRELIMINARY ASSESSMENT 

imploding charge sublimed dye pellets that were contained within the warhead that formed a 

colored smoke cloud. The document, "Special Job Procedure for testing of 2.75 - Inch Warhead 

at Test Site Behind Building 198", obtained from the Environmental Department indicated that 

the project was to test newly developed 2.75-inch colored target markers. In addition to the 

Special Job Procedure document, the file also contained military specifications for the dye 

materials that were being tested. The file also indicated that the M18 Smoke Hand Grenade was 

simultaneously tested at the site. The Special Job Procedure document for this testing area also 

stated that all testing materials and associated debris, including "wasted sand", were to be 

removed from the testing area. No documentation was found to indicate the procedures at this 

specific site. 

Identified 1952 and 1966 aerial photographs (Figure 5.5-2 and Figure 5.5-3) show a 

cleared/disturbed area behind Building 198. Installation personnel did not have any knowledge of 

prior uses of this area during 1952 or 1966. Although soil disturbance is visible in the 1952 and 

1966 aerial photographs, no historic records were found supporting its use; thus, the cause of the 

cleared/disturbed area is not known. 

Figure 5.5-2 1952 aerial photograph Figure 5.5-3 1966 aerial photograph 

The testing area was proposed for other testing, but due to environmental concerns the site was 

not used after 1985. Environmental concerns included the creation of additional environmental 

and hazardous waste disposal problems. Other proposed testing would have also resulted in the 

spread of an unpredictable amount of potentially harmful airborne pollutants . . 
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5.5.1.1.Topograpby 

The Test Pads on Hill Behind B-198 are located in the central portion of NSWC Crane. The site 

is located on a relatively flat parcel of land that slopes significantly to the northeast. The 

elevation of the site is approximately 660 feet. 

5.5.1.2.Geology 

There are no wells located directly on or in the immediate vicinity of the Test Pads on Hill 

Behind B-198; therefore, the specific site geology is unknown. A description of the regional 

geology can be found in Section 3.3. 

5.5.1.3.Soil and Vegetation Types 

The Test Pads on Hill Behind B-198 are located in a clearing of a woodland area. Various types 

of wild grasses and other vegetation cover the site. The surrounding area is heavily wooded with 

various aged trees and dense shrubbery. 

According to the Martin County Soil Survey, the Zanesville silt loam (ZaC3), with 6 to 12 

percent slopes, is present at the Test Pads on Hill Behind B-198 site. This moderately sloping, 

deep, well drained and moderately well drained soil is on ridge tops and the upper side slopes 

along natural drainage ways in the uplands. Available water capacity is moderate in these soils. 

Permeability is moderate above the fragipan and slow in the fragipan. Surface runoff is rapid; 

therefore, erosion is a concern with this soil type. Most areas of these soils are used for hay or 

pasture, but some are woodlands. The frost line is southern Indiana is approximately 2.5 feet bgs. 

Even though these soils contain fine grains, frost heave may not be a concern since the soils are 

very well drained. The test pads contain approximately six inches of sand, which is not native 

soil, located at the surface. 

5.5.1.4.Hydrology 

The Test Pads on Hill Behind B-198 are located within the central portion of the installation and 

lie within the central drainage basin. Surface water runoff from the site drains into an un-named 
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tributary which discharges into Boggs Creek. Boggs Creek eventually empties into the East Fork 

of the White River south ofNSWC Crane. 

5.5.1.5.Hydrogeology 

There are no wells located directly on or in the immediate vicinity of the Test Pads on Hill 

Behind B-198; therefore, specific hydrogeology of the site is unknown. A description of the 

regional hydrogeology can be found in Section 3.6. 

5.5.1.6.Cultural and Natural Resources 

Although the potential for cultural resources exists for the area in which the site is located, there 

have not been any archeological or cultural sites identified near the site. No records were found 

identifying specific cultural resources at the Test Pads on Hill Behind B-198 in the Cultural 

Resources Survey from June 1992. No sites were identified on the Indiana Register of Historic 

Sites and Structures (Indiana State Register) or the National Register of Historic Places. 

5.5.1.7.Endangered and Special Status Species 

Threatened and endangered species for NSWC Crane are presented in Section 3.8. No evidence 

was found indicating the presence of the species listed at the Test Pads on Hill Behind B-198 or 

in the immediate surrounding area. 

5.5.2. Visual Survey Observations and Results 

A visual survey of the Test Pads on Hill Behind B-198 was conducted on March 18, 2003. The 

Malcolm Pirnie team included Mr. Dinh, Ms. Howard, and Mr. Stark. Mr. Keith and Mr. Brent 

ofNSWC Crane accompanied the team. The survey team was able to walk 100% of the site. The 

perimeter of the test pads was mapped during the site reconnaissance. The total area surveyed by 

the team was approximately 0.01 acres. A visual depiction of the site reconnaissance is provided 

on Map 5.5-1 located at the end of Section 5.5. Additional range/site details are illustrated on 

Map 5.5-2 also located at the end of Section 5.5. 
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During the site reconnaissance, plastic drainage piping surrounding two sand covered circular 

areas (test pads) were observed. The test pads contain approximately six inches of sand, which is 

not native soil, located at the surface. The circular areas were covered with vegetation. The 

drainage piping discharged into a concrete holding tank located near the test pads. The concrete 

holding tank, into which the plastic drainage piping discharges, is located downgradient of the 

test pads. A fIre hydrant and red identifying pole were observed near the concrete holding tank. 

Adjacent to the test pads was a rusted metal piece reportedly used as a shield during testing 

operations. The concrete holding tank observed at the site is shown in Figure 5.5-4, and the 

drainage piping is shown in Figure 5.5-5. 

Figure 5.5-4: Concrete Holding Tank 
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Figure 5.5-5: View of plastic drainage piping surrounding test pads 

No stressed vegetation was observed at the site. During the site reconnaissance, no evidence of 

MEC was observed. 

5.5.3. Munitions and Munitions Related Materials Associated with 
the Site 

This section describes the munitions or munitions related materials known or suspected to be at 

the site, including the types and estimated maximum penetration depths. This includes both MEC 

and non-hazardous munitions related scrap (e.g. , fragmentation, base plates, inert mortar fins). 

Based on the document entitled "Special Job Procedure for testing of 2.75-Inch Warhead at Test 

Site Behind Building 198", NSWC Crane personnel developed and tested an item constructed of 

a 2.75-inch warhead that functioned through the use of a blasting cap detonating a C-4 booster, 

which then detonated a Baratol imploding charge. The imploding charge sublimed dye pellets 

that were contained within the warhead. These dye pellets created a colored smoke cloud to be 

used as target markers. The data collection team located records indicating that approximately 

200 rounds of the newly developed 2.75-inch M156 smoke warhead with the following types and 

quantities of dyes were tested in accordance to the Special Job Procedure at the site: 
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• 75 rounds with fluorescent dayglo dye 

• 75 rounds with solvent 33 yellow dye 

• 50 rounds with methyl-amino-anthraquinone 

The 2.75-inch smoke warhead was used primarily for target marking or incendiary purposes. 

Each of the rounds identified above contained two pounds of dye. TNT or baratol in quantities 

less than six pounds were used for implosion, and C-4 was used for explosion in quantities less 

than one pound. Therefore, a total of 400 pounds of dye, a maximum of 1,200 pounds of TNT, 

and a maximum of 200 pounds ofC-4 were used at the Test Pads on Hill Behind B-198. 

In addition to the 2.75-inch smoke warhead testing, documentation obtained from the NSWC 

Crane Environmental Department indicated that M 18 Smoke Hand Grenades in unknown 

quantities were also simultaneously tested at the site. The Ml8 Smoke Hand Grenades were a 

hand-thrown smoke grenade that emitted red, yellow, violet or green smoke for 50 to 90 seconds. 

These grenades used a pyrotechnic, delay-igniting fuze, which provided an approximate two

second delay. 

Due to the nature of testing, a fragmentation radius is not associated with the pyrotechnics tested 

at the Test Pads on Hill Behind B-198. However, during testing an exclusion zone would have 

been established. 

Based on the information obtained during the data collection process, no special consideration 

munitions (CWM filled munitions, electrically fuzed munitions, DU associated munitions) are 

known or suspected to have been used at the site; therefore, the Test Pads on Hill Behind B-198 

are not suspected to contained special consideration MEC. 

Additional technical information about these ordnance types is included in Appendix D. 

5.5.4. MEC Presence 

The entire site has been subdivided and categorized into one of three levels of MEC presence 

including: Known MEC Areas, Suspect MEC Areas, and Areas where No Evidence exists to 

indicate that MEC is known or is suspected to be at the site. The MEC presence is discussed 

below. 
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Map 5.5-3 illustrates the munitions characterization of the Test Pads on Hill Behind B-198 and is 

provided at the end of Section 5.5. 

5.5.4.1.Known MEC Areas 

There were no known MEC areas identified at the site. 

5.5.4.2.Suspected MEC Areas 

The entire 0.0 I-acre Test Pads on Hill Behind B-198 site is suspect for MEC. It is possible that 

fragmentation of the 2.75-inch smoke warheads and M18 smoke grenades could have impacted 

the site soils. Map 5.5-3 illustrates the suspect MEC area associated with the Test Pads on Hill 

Behind B-198. 

5.5.4.3.Areas Not Suspected to Contain MEC 

There are no areas at the Test Pads on Hill Behind B-198 not suspected to contain MEC. 

5.5.5. Ordnance Penetration Estimates 

Since records indicate that the munitions tested at the Test Pads on Hill Behind B-198 were 

pyrotechnics related to target marking and smoke screening, it is assumed that the minimal 

explosions associated with these types of munitions would only have penetrated the surface soils, 

less than one foot. It is also assumed that the Smoke Hand Grenades would only have penetrated 

the surface soils. Records indicate that sand· was brought to the site to provide the barrier to 

prevent surface soil penetration and that the sand was to be removed after testing was completed. 

Sand was observed at the site during the site reconnaissance. 

5.5.6. Munitions Constituents 

MC associated with the types of munitions known to have been used at the Test Pads on Hill 

Behind B-198 include TNT, baratol, and C-4, as well as other non-explosives materials such as 

fluorescent dye, solvent 33 yellow dye, and methyl-ami no- anthraquinone. In addition to these 

listed MC, other chemicals may have been used in the experimental testing occurring at the Test 
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Pads on Hill Behind B-198 that included items such as metals, 1,2 napthaquinone, antimony 

oxide, citric acid, dextrin, lead nitrate, and vanadium pentoxide. For a complete listing of 

chemicals used in experimental pyrotechnic compositions at the Test Pads on Hill Behind B-198, 

please refer to "Listed Items to be Tested at Ordnance Test Area, Rocket Range, B-198 R&D Test 

Area" located in Appendix B. MC are not anticipated to be present at the site due to the small 

quantity ofMC associated with the munitions used at the Test Pads on Hill Behind B-198. 

5.5.7. Contaminant Migration Routes 

Studies have shown that ordnance can migrate due to environmental factors such as frost heave or 

erosion. IfMEC were present at the site, it would only be located within the sand identified at the 

test pads (less than one foot bgs). The sand was brought to the site to prevent MEC from 

penetrating the surface soils. Since MEC would not have penetrated the sand or surface soils 

more than one foot bgs, which is above the frost heave line at the site, it is unlikely that the MEC 

could potentially migrate via frost heave. MEC, if present, may be located at the surface exposed 

by erosion and redeposition. Due to the high potential for erosion at the site due to on-site soil 

types, if MEC is present in the surface soils, MEC may migrate by erosion toward the east. 

MC could migrate into the environment via the groundwater, soil, air, and surface water. MC are 

not anticipated to be present at the Test Pads on Hill Behind B-198; however, ifMC are present at 

the site they could migrate via soil and groundwater. After closure of the site, it is not known if 

any sand was removed from the site. Since the soils present at the site are well drained and 

moderately well drained, if contaminants were present, they could leach from the soil to surface 

water and groundwater. Due to the combination of erosion and drainage of site soils, MC would 

migrate via these pathways into the un-named tributary discharging into Boggs Creek. Since the 

depth to groundwater and groundwater flow direction at the site are unknown, the specific 

contaminant migration route for MC in groundwater is unknown. The concrete holding tank, into 

which the plastic drainage piping discharges, is located downgradient of the test pads. All 

precipitation infiltration and surface water runoff would flow in the direction of the concrete 

holding tank following site topography. 
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5.5.8. Receptors 

MEC exposure pathway for both human and ecological receptors pertaining to the Test Pads on 

Hill Behind B-198 is surface soil (zero to two feet). MEC receptors include Navy personnel, 

contractors, authorized visitors/hunters, and trespassers that may walk on the site. Wildlife, such 

as deer, rabbits, raccoons, and wild turkeys, may also come in contact with MEC at the site. See 

Section 5.5.4 for details on the likelihood ofMEC at the site. 

MC exposure pathways for both human and ecological receptors pertaining to the Test Pads on 

Hill Behind B-198 are the food chain and surface soil (zero to two feet). Human receptors would 

be affected through direct dermal contact, ingestion, or inhalation of soils. Human receptors may 

also contact contaminants through the food chain, as hunting is permitted at NSWC Crane and 

contaminants may bio-accumulate in animals. Navy personnel are the most likely to have 

repeated and lengthy exposures, where as contractors and visitors will have a diminished duration 

or limited frequency of exposure to MC in the surface soil or biota. Ecological receptors of 

contaminants include plant and animal life living on or near the site. Vegetation, such as grass, 

within the area is eaten by wildlife, such as deer, rabbits, raccoons, and birds. Endangered and 

threatened species that could visit the site include the bald eagle, which has a large hunting range, 

limiting its exposure at the site. Routes of exposure would include dermal contact, ingestion of 

soils, or ingestion of soil eating invertebrates. Plant uptake is mostly limited to near surface 

adsorption through the root systems. There is no known use of groundwater at the installation, so 

groundwater receptors are not included in this analysis. See Section 5.5.6 for details on the 

likelihood of MEC at the site. 

S.S.S.I.N earby Populations 

NSWC Crane makes up the majority of Martin County. The rest of Martin County is essentially 

rural with some residential areas surrounding NSWC Crane. Martin County has a population of 

10,383, which comprises 0.16 percent of the state's population. The population per square mile 

in Martin County is 30.9. NSWC Crane is the second largest employer in southwest Indiana with 

over 3,400 Navy employees and over 550 Army employees. A Combined Bachelors Quarters 

(approximately 36 rooms) and family housing (approximately 30 units) are located at NSWC 

Crane. 
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5.5.S.2. Buildings NearIWitbin Site 

Test Pads on Hill Behind B-198 are located northeast of Building 198. Building 198 is currently 

used for research and development. The Test Pads on Hill Behind B-198 are separated from 

Building 198 by approximately 2,000 feet of grass and woodlands. Additional Navy buildings 

are located around Building 198. Buildings or structures located within the perimeter of the site 

include a PVC drainage pipe and above ground concrete holding tank formerly used for potential 

contamination containment, fire hydrant, and rusted metal piece assumed to be used for 

protection during testing operations. 

5.5.S.3. Utilities OnlNear Site 

The nearby buildings and facilities have utilities. NSWC Crane did not have utility maps 

available for review. The Public Works Department indicated that utility maps did not exist and 

that field verification of utilities would be required. A fire hydrant was observed near the 

concrete holding tank at the site, indicating that an underground water line exists at the site; 

however, no maps or records exist to document the location of the water line. The underground 

water line could provide a preferred conduit for MC migration. 

5.5.9. Land Use 

The Test Pads on Hill Behind B-198 were previously used for testing and are considered closed. 

Prior to testing activities at the site, the site and surrounding areas were undeveloped. Currently, 

the site and immediate surrounding areas are vacant woodlands; however, the site may potentially 

be used for hunting. Due to the environmental concerns listed above, the land use of the site and 

surrounding areas is not anticipated to change for the foreseeable future; therefore, the reasonably 

anticipated future land uses for the area are to remain closed and as a vacant woodland area with 

occasional hunting. 

5.5.10. Access Controls / Restrictions 

Access to NSWC Crane is restricted. The NSWC Crane property is surrounded by locked, 

secured gates, with security at all entrances, as well as a security patrol. There are no access 
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controls or restrictions in place to limit access to the Test Pads on Hill Behind B-198 once on the 

installation. Navy personnel, contractors, visitors and hunters are not specifically restricted from 

the Test Pads on Hill Behind B-198; however, since Building 198 is a research and development 

building, individuals within the area should check in with personnel located inside B-198. The 

Test Pads on Hill Behind B-198 are located in a remote area, which may restrict access. There 

are no known zoning/land use restrictions for the Test Pads on Hill Behind B-198. 

5.5.11. Conceptual Site Model 

This CSM was developed following guidance documents issued by the USEP A for hazardous 

waste sites and the USACE for OE sites. Guidance documents included the USEPA's Guidance 

for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EP A/540IG-

89/004) and the USACE CSM Guidance Development of Integrated Conceptual Site Models for 

Environmental Ordnance and Explosives (OE) Sites, which was final as of February 2003. 

The CSM describes the site and its environmental setting. The CSM presents information 

regarding: 1) MEC and/or MC known or suspected to be at the site; 2) current and future 

reasonably anticipated or proposed uses of the real property; and 3) actual, potentially complete, 

or incomplete exposure pathways that link them. The CSM is the basis for the risk evaluation, 

prioritization, and remediation cost estimate. 

The CSM is presented in a series of information profiles that present information about the site. 

The information profiles are included Table 5.5-1. 
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Table 5.5-1: Conceptual Site Model Information Profiles - Test Pads on Hill Behind B-198 

Profile Ty e lnfonuation Needs 

, Installation Name 

Range/Site Name 

Range/Site Location 

Range/Site History 

• Range/Site Area and Layout 

Range/Site Structures 

Range/Site Boundaries 

Range/Site Security 

Maximum Probability Penetration 
Depth 

MEC ScraplFragments 

Preliminary Assessment Findinas 
I~- -. 

I NSWCCrane 

I Cran~:-Marti~ Count~, Indiana 
I 

, Test Pads on Hill Behind B-198 

i Northeast of Building 198 

: Used for testing of newly developed 2.75-inch 
smoke warheads for target markers from 1983 
through 1985. Simultaneously, M18 smoke 
grenades were also tested at the site . 

Approximately 0.01 acres 
I -- - - - - ----

: Currently contains a PVC drainage pipe and 
! above ground concrete holding tank formerly used 
I I for potential contamination containment, fire 
I hydrant, and rusted metal piece assumed to be 
J used for protection during testing operations. 

I-N:und~veloP~d ~;o~~rt~and -Highway 45 

I S: Undeveloped property and Building 198 

I E: Undeveloped property and H-333 

j W: Undeveloped property and Building 198 

: The installation is fenced; however, the Test Pads 
: on Hill Behind B-198 are not fenced. The site is 
; located in a remote area. 

: 2.75-inch smoke warheads, M18 smoke grenades 
" ~----~--

! Munitions were deployed on the ground surface 
i and are not expected to penetrate below one foot 
I 

I of the ground surface. 

i Minimal range related debris is expected to be at 
I the site based upon the Navy operating procedures " 

i
' to collect and remove related debris immediately!: 
, after testing. 
I 

r Non~ obse~ed duri~g ~-it~ vi-s-i~.-~ - ~ - - . --

As~~i~-~~d-Munitions Constituents I-Mini~ala~o~~s-~f'rnT: bar~~;i: ;~d C-4, a; 
I well as other non-explosives such as metals, 

I 
fluorescent dye, solvent 33 yellow dye, and 
methyl-amino-anthraquinone . 

•• . __ •. J __________ ~ __ .... ___ .. _ . ______________ • __ 
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Table 5.5-1: Conceptual Site LVIodel Information ProfIles - Test Pads on Hill Behind B-198 

Profile Ty e Information Needs 

Migration RouteslRelease 
Mechanisms 

, Climate 

Topography 

Geology 

Soil 

Hydrogeology 

Hydrology 

Vegetation 
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Preliminarv Assessment Findil1<7s , 
i If MEC were present at the site, it would only be 
: located within the surface soils (less than one foot 
i bgs), which is above the frost heave line at the 

site; however, soils within the area are susceptible 
to erosion. Therefore, if MEC is present at the 
site, there is potential for MEC migration through 
erosion. MC are not anticipated to be present at 

i the site; however, if MC are present, it may 
, migrate via soil and groundwater. If underground 

utilities (e.g., water) are present at the site, they 
may be a preferred migration pathway for 

! contamination. 

; Temperate climate zone, which has a wide 
! temperature range between summer and winter. 
'1 - . - .' 

i Flat with sloping to the southeast. The site is 
I located at an elevation of approximately 660 feet. 
'1-'- - .--_.- . 

J The area is located on the eastern flank of the 
Illinois Basin consisting of shale, sandstone, 
limestone, and coal beds. The specific geology of 

. the site is unknown. , 

: Zanesville silt loam with 6 to 12 percent slopes is 
! present at the site. These soils are moderately 
i sloping, deep, well drained and moderately well 
: drained, and located on ridge tops and the upper 
; side slopes along natural drainage ways in the 
J uplands. 

i Available groundwater data from the 1940s 
indicates that limited water is located at 141 and 
313 feet bgs, with the shallowest water level 
observed at 85 feet bgs. There are no wells 
located directly on or in the immediate vicinity of 

, the Test Pads on Hill Behind B-198; therefore, 
, specific hydrogeology of the site is unknown. 

: Test Pads on Hill Behind B-198 are within the 
. central drainage basin ofNSWC Crane. Surface 

water runoff from the site drains east into an un
named tributary that empties into Boggs Creek. 
Boggs Creek discharges into the East Fork of the 

: White River south ofNSWC Crane. 

: The site is covered with wild grasses and 
1 surrounded with dense vegetation including trees 
! and shrubs. 
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Table 5.5-1: Conceptual Site Model Information Profiles - Test Pads on HilI Behind B-198 

Profile T' e Infolomation Needs Preliminary Assessment FindinGs -,-'------- -- - ----- - - , 

• Current Land Use 

. Current Human Receptors 

Current Activities (frequency, 
, nature of activity) 

Potential Future Land Use 

, Potential Future Human Receptors 

: Potential Future Land Use-Related 

, ZoninglLand Use Restrictions 

Demographics/Zoning 

i Beneficial Resources 

Degree of Disturbance 

Ecological Receptors 

Federal Endangered Species: 

Federal Threatened Species: 

State Endangered Species: 

NSWC Crane, Indiana 
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I 

The site is currently vacant. 

Naval personnel, contractors, authorized visitors, 
I and trespassers, 
, 

: No Naval activity occurs at the site; however, 
; hunting is possible. 

No change in land use is expected, 

Naval personnel, contractors, authorized visitors, 
. and trespasserso 

No future land use is expected. 

i No known zoning/land use restrictions. 

I NSWC Crane e~ploys ap;roxi~ateiy 4,000 ,
I personnel, both civilian and military. Martin 
) County has a population of 10,383, which 
i comprises 0.16 percent of the state's population. 

I
, The population per square mile in Martin County 

is 30.9. 
I 

I The NSWC Crane forest has been important to the' 
I re-establishment of deer, wild turkey, ruffed 
i grouse, and eagles in lndiana. Timber is also 

harvested at NSWC Crane. 
, 
i Grasslands, Woodlands 

. - - -- . - --

I If current conditions continue, the degree of 
. disturbance at the site will be low. Low indicates 
: that the site is/will be unused, and habitat for 
I species present are/will be undisturbed (i.e., 
I undistur~e~_gr~~l~n~s, wood!ands): 

1 - -

I ~o federal endangered species are unknown at the 
sIte. 

! The Bald Eagle (Haliaeetus leucocephalus) could 
i be located at the site based on the large hunting 
I range of the eagle. 

I The potential for the Grasshopper sparrow, 
I bobcat, osprey, timber rattlesnake, and yellow-
I crowned night heron exists; however, none have 
I been identified at the site. 
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Table 5.5-1: Conceptual Site Model Information Profiles - Test Pads on Hill Behind B-198 

Profile Tv e Information Needs 

State Threatened Species: 

Other Ecological Receptors: 

Prelimillanr Assessment Findings 

i The Bald Eagle (Haliaeetus leucocephalus) could 
. be located at the site based on the large hunting 
i range of the eagle. 
! 

: The habitat at the site and the surrounding area is 
I home to many woodland wildlife species, such as 
! deer, rabbits, raccoons, and wild turkeys. There is 
j the potential for wildlife to burrow, forage, and 
! nest on the site. 

Relationship ofMECIMC Sources ; Ecological receptors may come into direct contact 
to Habitat and Potential Receptors ; with MECIMC (in the soil or on the surface). 

i Wildlife that inhabit or utilize the area may come 
: into contact with MC that been incorporated into 
: the food chain (bioaccumulated in plants and 
: animals). Ecological receptors contacting MEC 
I and creating an explosive hazard is not likely but. 
I should be considered. 

A key element of the CSM is the exposure pathway analysis. For MEC, a complete or potentially 

complete exposure pathway must include the following components: 1) a source (e.g., locations 

where MEC are expected to be found); 2) access (e.g., controlled or uncontrolled access, items on 

the surface or within the subsurface); 3) an activity (e.g., non-intrusive grounds maintenance or 

intrusive construction); and 4) receptors (e.g., Navy personnel, construction workers, recreational 

users, authorized visitors, or trespassers). It is important to recognize that environmental 

mechanisms (e.g., erosion) and/or human intervention may result in the repositioning ofMEC. 

For MC, a complete or potentially complete exposure pathway must include the following 

components: 1) a source (e.g., locations where MC are expected to be found); 2) an exposure 

medium (e.g., surface soil); 3) an exposure route (e.g., dermal contact); and 4) receptors (e.g., 

Navy personnel, construction workers, recreational users, authorized visitors, or trespassers). If 

the point of exposure is not at the same location as the source, the pathway may also include a 

release mechanism (e.g., volatilization) and a transport medium (e.g., air). 

The interactions between the source and receptors are assessed differently between MEC and 

MC. For MC, interaction between the source and receptors involves a release mechanism for the 

MC, an exposure medium that contains the MC, and an exposure route that places the receptor 

into contact with the contaminated medium. For MEC, interaction between the potential 
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receptors and an MEC source has two components. The receptor must have access to the source 

and must engage in some activity that results in contact with individual MEC items within the 

source area. 

As shown in the pathway analysis figures (Figure 5.5-6 and Figure 5.5-7), potential exposure 

pathways for MEC and MC exists at the Test Pads on Hill Behind B-198. Given this potential, 

the figures identify the pathways through which site receptors, including Navy personnel, 

contractors/visitors/hunters, trespassers, and biota could come into contact with or be impacted by 

MECandMC. 

Figure 5.5-6, MEC Exposure Pathway Analysis, depicts a potential for MEC to be present at the 

site and accessed by site receptors through surface soils. Human receptors (Navy personnel, 

contractors/visitors/hunters, and trespassers) may contact MEC at the surface during activities at 

the site such as walking, hiking, and hunting. Contractors could be exposed to MEC during site 

investigations or from future land use changes that may require intrusive construction activities. 

Ecological receptors (biota) at the site may disturb surface soils during foraging, nesting or other 

natural activities in which contact with MEC. 

Figure 5.5-7, MC Exposure Pathway Analysis, shows a potential for MC exists at the site. The 

figure identifies the exposure pathways through which site receptors may come in contact with or 

be impacted by MC. A potentially complete pathway exists for both human receptors (Navy 

personnel, contractors/visitors/hunters, and trespassers) and ecological receptors (biota) through 

ingestion, dermal contact and inhalation (dust) of surface soil. Human receptors could come into 

contact with contaminated soils at the surface during activities at the site such as walking, hiking, 

and hunting. Contractors could be exposed to MC during site investigations or from future land 

use changes. Biota at the site may disturb surface soils during foraging, nesting or other natural 

activities. Surface soil disturbance by either human receptors or ecological receptors results in 

direct contact with the soil and potentially creates dust, which could be inhaled. If there is dermal 

contact, the potential for ingestion exists as well. Bioaccumulation in game animals can pose a 

threat to human receptors, since hunting is allowed at NSWC Crane. Biota that consume 

contaminated site vegetation can affect the food chain. 

A graphical illustration of the details of the CSM is included in Figure 5.5-8. The Test Pads on 

Hill Behind B-198 graphical illustration was created to visually demonstrate the site 
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characteristics as observed and determined by the data collection team. The graphical illustration 

shows the location of the plastic drainage piping surrounding two circular test pads. The test pads 

contain approximately six inches of sand, which is not native soil, located at the surface. The 

concrete holding tank, into which the plastic drainage piping discharges, is located downgradient 

of the test pads. All precipitation infiltration and surface water runoff would flow in the direction 

of the concrete holding tank following site topography. The test pads are partially covered with 

vegetation and surrounded by woodlands. The locations of the fire hydrant, red pole, and rusted 

metal piece in relation to the test pads are shown on the figure. In addition, the graphical 

illustration identifies the suspected groundwater flow direction in accordance with the depicted 

topography. The suspected MEC and MC area is shown with a red dotted line. 
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FINAL PRELIMINARY ASSESSMENT 

5.5.12. Summary 

The history of the Test Pads on Hill Behind B-198 indicates its use for testing of newly developed 

2.75-inch smoke warheads and M18 smoke grenades from 1983 through 1985. No evidence of 

MEC was observed at the Test Pads on Hill Behind B-198; however, documentation was 

identified that described testing activities, including specific testing procedures and quantities. It 

was Navy policy at the time to remove ordnance debris after testing, and in addition, the testing 

procedure indicated that sand was brought to the site and should be removed after testing was 

completed. No records were found to document MEC, MC, or sand removals. Sand was 

identified at the site during the site visit. MC associated with the types of munitions known to 

have been used at the site include TNT, baratol, and C-4, as well as other non-explosives 

materials such as fluorescent dye, solvent 33 yellow dye, and methyl-amino- anthraquinone. In 

addition to these listed MC, other chemicals may have been used in the experimental testing that 

included items such as metals, 1,2 napthaquinone, antimony oxide, citric acid, dextrin, lead 

nitrate, and vanadium pentoxide. No investigations for MEC or MC have been conducted at the 

Test Pads on Hill Behind B-198. 
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5-101 

Final 1\ 
April 2005 



-

512500 512625 

Test Pads On Hill 
Behind B-198 

o 

o o 
512750 

o 
It) 

~ 
en 
~ 

o 
'" ,... 
co 
en 
~ 

Preliminary Assessment 
NSWC Crane, Indiana 

~ 
Map 5.5-1 

Visual Survey 
Test Pads On Hill Behind B-198 

Legend 

Q Installation Boundary 

/'V Site Reconnaissance 

c=J Test Pads On Hill Behind B-198 

20 o 20 40 60 Meters 

Data Source: NSWC Crane, Orthophoto, 1998 
NSWC Crane, CADD Data, 2003 

Coordinate System: UTM Zone 16N 
Datum: NAD 83 
Units: Meters 

Contract: N62472-02·D-1 300 
Edition: Final Preliminary Assessment 
Date: April 2005 



e 

-

e 

Preliminary Assessment 
NSWC Crane, Indiana 

~ 
Map 5.5-2 

Range/Site Details 
Test Pads On Hill Behind B-198 

Legend 

o Installation Boundary 

n Structures 

-- Roads 

" Contours 

D Test Pads On Hill Behind B-198 

20 o 20 40 60 Meters 

Data Source : NSWC Crane, Orthophoto. 1998 
NSWC Crane, CADD Data, 2003 

Coordinate System: UTM Zone 16N 
Datum: NAD 83 
Units: Meters 

Contract: N62472-02-D-1 300 
Edition: Final Preliminary Assessment 
Date: April 2005 

Test Pads On Hill 
Behind B-198 

* 
NSWC Crane 



e 

e 

512500 512625 

-

Test Pads On Hill 
Behind B-198 

o 

o o 
512750 

~ 
N 
ex> en 
~ 

o 
M 
~ 

ex> 
en 
~ 

Preliminary Assessment 
NSWC Crane, Indiana 

~ 
Map 5.5-3 

Munitions Characterization 
Test Pads On HIli Behind B-198 

Legend 

Q Installation Boundary 

D Test Pads On Hill Behind B-198 

MEC Presence> 

Known 

Suspect 

* MEC Presence was determined 
th rough review of historical documentation, 
interviews, and/or visual survey. 

20 o 20 40 60 Meters --
Data Source : NSWC Crane, Orthophoto, 1998 

NSWC Crane, CADD Data, 2003 

Coordinate System: UTM Zone 16N 
Datum: NAD 83 
Units: Meters 

Contract: N62472-02-D-1300 
Edition: Final Preliminary Assessment 
Date: April 2005 



• 

• 

• NSWC Crane, Indiana 

FINAL PRELIMINARY ASSESSMENT 

Appendix: A References 

. Final 
April 2005 



• 

• 

• 
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Text Sources: 

A.T. Kearney, Inc. Preliminary ReviewNisual Site Inspection Report of Naval Weapons Support 
Center, Crane, IN. March 1987. 

Chief of Bureau of Yards and Docks. Subject: U.S. Naval Ammunition Depot, Bums City, 
Indiana - revision of boundary lines. July 14,1941. 

Department of the Army Office of the Project Manager for Chemical Demilitarization and 
Installation Restoration, Aberdeen Proving Ground, Maryland. Installation Assessment of Naval 
Weapons Support Center, Crane, Indiana, Record Evaluation Report No. 117. March 1978. 

Environmental Quality Office, Rock Island, Illinois. Environmental Impact Assessment for Open 
Burning/Detonation of Waste Munitions/Propellant. August 1975. 

Geology and Hydrology of the Ammunition Burning Grounds. October 1987. 

Indiana Department of Natural Resources, Division of Water. Water Resource Availability 
Reports for Indiana. Date unknown. 

Naval Weapons Support Center, Crane, Indiana. Special Job Procedure; Procedure for Testing of 
2.75-inch warheads at Test Site Behind Building 198. April 18, 1983 . 

Northern Division Facilities Engineering Command. Cultural Resources Survey, Crane Division 
Naval Surface Warfare Center, Crane, Indiana. June 1992. 

Officer-in-Charge of Construction, Naval Ammunition Depot, Bums City, Indiana. Subject: 
Proposed Development Plan for Station. December 21,1940. 

Ordnance Environmental Support Office. Initial Assessment Study of Naval Weapons Support 
Center. Appendix E: Pyrotechnics Used at NWSC Crane from the Navy Assessment and Control 
ofInstallation Pollutants. Appendix D: Biological Features from the Navy Assessment and 
Control ofInstallation Pollutants. May 1983. 

Ordnance Environmental Support Office, Activity Files. List of Items Tested to be Tested at 
Ordnance Test Area, Rocket Range, B-198 R&D Test Area. Date Unknown. 

Reid, Robert L. and Rodgers, Thomas E. A Good Neighbor: The First Fifty Years at Crane 1941-
1991. Historic Indiana Project, 1991. 

u.s. Department of Agriculture, Soil Conservation Service. Soil Survey Martin County, 
Indiana. Issued September 1998. 

Weeks, Harmon P. Purdue University in conjunction with the U.S. Navy and the 
National Fish and Wildlife Foundation. Check List of Birds, Crane Division, Naval 
Surface Warfare Center. Date unknown . 
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Correspondence: 

Email from Douglas Johnson to Phil Keith. February 23,2000. Subject: Info on Rockeye 
bomblets. 

Email from Phil Keith to Sherry McCahill. November 3,2000. Subject: Range Survey. 

Email from Jack Kramer to Phil Keith. March 27,2000. Subject: Re: Navy Range Survey. 

Email from Mary Trout to Davis Jeffrey. March 30, 2000. Subject: Drop Tower. 

Notes from interview of Retiree by Steve Shantz. March 16, 2000. 

Interviews: 

Allen, John. Personal interview by Julie Grim. March 20,2003. 

Brent, Thomas. Personal interview by Julie Grim. March 19,2003. 

Douda, Bernie, PhD. Personal interview by Julie Grim. March 19,2003. 

Flick, Junior. Personal interview by Julie Grim. March 19,2003. 

Keith, Philip. Personal interview By Julie Grim. March 19,2003. 

Schantz, Steve. Personal interview by Molly Howard. March 19,2003. 

Shouse, Steve. Personal interview by Denise Tegtmeyer. March 18, 2003. 

Stoll, Linda. Personal interview by Denise Tegtmeyer. March 19,2003. 

Webster, Hank. Personal interview by Julie Grim. March 19,2003. 

Zitzman, Ron. Personal interview by Julie Grim. March 19,2003. 
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Internet Sources: 

Agency for Toxic Substances and Disease Registry 
http://www.atsdr.cdc.gov/tfacts80.html 

Indiana Data and Statistics 

http://www.state.in.us/isdhldataandstats/fishlfish99/lakes.htm 

Indiana Department of Environmental Management Publications and Forms 

http://www.state.in.us/idemlwater/publications/reports.html 

Indiana Department of Environmental Management US Fish and Wildlife 

http://www.midwest.fws.govlEndangeredilists/indiana-cty.htmI 
\ 

Lower Wabash River Basin, by Keith Bobay 

http://in.water.usgs.gov/atlasweb/lwab.pdf 

NSWC Crane Natural Resources Guide 
\ 

http://www.crane.navy.mil/newscommunitylEnvir NatRes Guide.asp?bhcp= I 

NSWC Crane History 

http://www.crane.navy.mil/General/Aboutlhistory.htm 

Maps: 

Electronic base map data dated 1998 was received from Tom Brent, Environmental Protection 

Specialist at NSWC Crane Division. No munitions related ranges or information is depicted on 

the maps but they establish base map references for the installation. The data layers included: 

• Installation boundaries 

• Installation landmarks (buildings, pads, roads) 

• Topography 

• Hydrology 

• Environmental features (wetlands, habitat) 

• Imagery (aerial photography from current and earlier time periods) 
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General Development Maps, Naval Surface Warfare Center, Crane Army Ammunition Activity, 

Crane, Indiana dated March 30, 2000. No munitions related ranges or information is depicted on 

the maps, but they provided current and updated installation references. 

Map of U.S. Naval Ammunition Depot, Crane, Indiana. Public Works Officer, Ninth Naval 

District. June 30, 1943. (RG #71 Records of the Bureau of Yards & Docks, Naval Properties 

Case Files, Box 451, Bums City, Permit for Establishment of Banking Facility, National 

Archives, College Park, MD) 

NSWC Crane Division. Location Plan, Detail "A" - Campus Area, Detail "B" - Warehouse 

Area, and Detail "c" - Bums City Gate. Last Revision February 5, 2003. 

u.S. Naval Ammunition Depot, Crane, Indiana. New Launch and Locker Buildings, No. 141-A, 

144-A and 149-A, Location Plan. Department of the Navy, Bureau of Yards and Docks, District 

Public Works Office, Ninth Naval District, Great Lakes, Illinois. June 6, 1951. (RG #71 Records 

of the Bureau of Yards & Docks, 903-Crane, Indiana, 519830) 

u.S. Naval Ammunition Depot, Crane, Indiana. 3" Loading Line, General Plant Layout. 

Department of the Navy, Bureau of Yards and Docks, District Public Works Office, Ninth Naval 

District, Great Lakes, Illinois. January 31,1955. (RG #71 Records of the Bureau of Yards & 

Docks, 903-32-907 Crane, Indiana) 

Crane Naval Ammunition Depot, Indiana. Basic Loading Plant, General Plot Plan Building 

Locations. Department of the Navy, Bureau of Yards and Docks, District Public Works Office, 

Ninth Naval District, Great Lakes, Illinois. April 23, 1952. (RG #71 Records of the Bureau of 

Yards & Docks, 903-32-907 Crane, Indiana) 

Naval Weapons Support Center Crane, Indiana. General Development Map, Key Map. 

Department of the Navy, Naval Facilities Engineering Command. October 1961, additions and 

deletions April 1974. 

u.S. Naval Ammunition Depot, Crane, Indiana. Production Areas. Undated . 
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Appendix B: Project Source Data - General 
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Interview Record 

InstailationlRangeorSite: NSWC Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitie/Organization: Denise Tegtmeyer, Malcolm Pirnie 

Person Being InterviewedlTitle/Organization: Linda Stoll 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

. Previous History, etc.): Explosive Safety Office 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

-Dale Groh is a contractor now, bldg 122, Linda's predecessor, ext. 3601, worked here in the 1960s 

1 
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Inte1view Record 

InstaJlationlRange or She: NSWC Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitie/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedlTitie/Organization: Ron Zitzman 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous History, etc.): EOD detachment at Crane 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): . 

-July, 2001 has been part ofEOD 

-EOD response at golf course, location at the tee 

-test at OT A, 8027 reports, EOD owns none 

1 



•• Interview Record 

Ins1aIlationlRange or Site: NS W C Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitie/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedlTitle/Organization: Junior Flick 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous History, etc.): 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

-Pyro test pads behind 198 

-#2930-back of the lot, burning magnesium, if there was a heavy wind, then heavy smoke screen 

-end of existing 2930 building, closer to the front area where the tower is, wasn't stone until after 
testing was over, then the stone was paved over 

-#2930-area moved to the current pyro area in the 1960s, mainly pyro testing-brightness burning 

-Jim Short-with the army, only works part time (SAle) ext. 6796 
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Interview Notes Continued: 

-#2044 

-ABC area behind #38, puncture test on batteries, 181 lithium batteries 

-#198 Test Pads, no knowledge RDT &E type work, probably'classified 

-Circle built NE of 198 potentially used probably late 1980s (probably fragmentation patterns?) 

-No construction, tried to straighten perimeter fence 

-200 +, sold to a doctor early 90s no addition construction 

-Area across highway-never fences 

-Crane Village, under housing officer (S.) separate utility, Dr. Alias purchased from GSA (all 
utilities provided by Crane) 

-Nothing constructed outside boundary fences 

-Burial grounds-mustard gas, dug up the containers and removed in the late 1970s/80s replaced and 
hauled away, GW are currently there 

-EOD found something in golf course, Bldg 1 experimental projectile 
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Interview Record 

InstailationlRangeorSife: NSWC Crane, Indiana 

DatelTime: March 20, 2003 

Person Conducting the InterviewlTitie/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedlTitle/Organization: John Allen 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous History, etc.): Base Historian 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

-1952 Public Works 

-2930 Pyro Test Area, nearer to building, paved area usually wlo env. Approval, could see from 
street 

-Old rifle range-still used 

-2930- star shells, burn candles, end ofWWII and Korea, reliability of fusing 

-Steve has history of active pyro test areas, mentions move from 2930 (in 1960) 
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Interview Notes Continued: 

-ABC complex back of38; puncture test; lithium batteries; did they do anything else; environmental 
problems from Li 

-198, circle built NE of 198, 150 ft. across, unknown use, late 80s RDT &E probably 

-Boundaries: 40 acres in Davies County, no improvements, other areas to straighten fence, H 45 and 
H 58 sold triangle (approx. 200 acres) to Dr in early 1990s, no improvement except fence 

-Crane Village, under housing office (Crane Village S.) Crane Village north, Dr. Elias bought from 
GSA, MOA to supply water, sewer, etc. 

-Understand no testing outside boundaries 

-Burial grounds for mustard, phosgene, gas, removed in 70s,repacked and sent away, SWMU, 
wwnitems 

-EOD gold course response in 2002 

-14" projectile in front of building 1 

-wwn, Vietnam, Korea hard to get info 

-B 143 had problems and needed repairs 

Interview Notes Continued: 
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Interview Record 

InslallationlRangeorSite: NSWC Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitie/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedlTitie/Organization: Dr. Hank Webster 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous History, etc.): 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

Noted Gary Norris, ext. 3452, worked in Bldg 198 for a long time as the supervisor of explosives 

Burning Area-Process Control Area- currently active 
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Interview Record 

InstailationlRange or Site: NS W C Crane, Indiana 

OatelTime: March 19, 2003 

Person Conducting the InterviewlTitie/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedlTitie/Organization: Tom Brent 

Reason for Selecting Person to Interview (i.e., Years at Installation, POSition, 

Previous History, etc.): 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

-Load and fill area-SWMU investigations, 143 not included nor 109 

-Conservation Dam No. 2845 and SWMU 19, Pyrotechnic test area are adjacent to each other, 
Rocket Range, OTA, OT-Annex 

-Pyro area outside test burn pad 

-Test burn pads on the hill behind B-198, SWMU 0813, Load and Fill Buildings 
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Interview Record 

Ins1aIlationlRange or Site: NS W C Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitle/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedlTitie/Organization: Dr. Bernie Douda 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous History, etc.): Dr. Bernie Douda 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

Lake Greenwood Pyro Test Area Near Dam 

-Off part where the club is; testing for burning time, green markers, channel into deeper water 
towards the dam 

-At the dam, deepest spot on the lake (35 ft) -kind of hole trying to develop underwater, trying to 
develop underwater illuminating flare suspended from cables from boat wires;::: 6-12 tests 

-illuminating material, sodium nitrate, burning magnesium, binders CO-C02 

-Red phosphorus flares 

-All recovered hardware ba~k on the boat (all of it was tethered)-green markers 

-Occurred during the late 50s early 60s-mid 1950s testing performed finished testing in 1958 
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Interview Notes Continued: 

Lake Oberlin-near Crane gate 

-Fired out of signaling pistol (like a flare gun) 

-Fluorescene dye put on water when person was overboard to test the dye device 

-Fired onto the pond (to prevent fire)-you could see the slick 

-Currently a boy scout site as of the late 1950s 
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Interview Record' 

Ins1aIlationlRangeorSife: NSWC Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitie/Organization: Julie Grim, Malcolm Pirnie 

Person Being InterviewedfTitle/Organization: Phil Keith 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous HistorY, etc.): Point of Contact for the PA with over 19 years at NSWC Crane 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

Mr. Keith provided current installation maps along with various other environmental 
information pertaining to areas within the installation. Mr. Keith provided information for 
various site including the following: 

Test Pads on Hill Behind B-198 
Provided a file that contained information pertaining to the testing that was conducted at the 
Test Pads on Hill Behind B-198. The file contained a document entitled "Special Job 
Procedure for testing of2.75 -Inch Warhead at Test Site Behind Building 198". The project 
was to test newly developed 2.75-inch colored target markers. The file also contained 
military specifications for the dye materials that were being tested. In addition to this 
testing, the file indicated that M18 Smoke Hand Grenade was also simultaneously tested at 
the site. 
Site was last used in approximately 1985 
Testing of plasticize composition with dye testing, but wasn't sure. 
A black powder material was loaded into a canister and tested on pad. After satellite was 
positioned, the canister exploded forming a black cloud to be observed. 

B-2044 Drop Tower/Test Rail 
Tested 20mm cartridges at the drop tower and CADS & PADs at the test rail. 
The test rail was used for ejection seat testing 

1 



The site was established in January 1951 and last used in Dec. 1983. 
Only used approximately 9 days/month during that time. 
Annual range firing quantity was estimated at 1090 pounds (explosive weight 51) 
Concrete, open-sided building located adjacent to the test rail was used for preparation of 
the tests 
Indicated that all munitions debris was picked up after use 

B-2930 Process Control Area 
Used for testing experimental pyrotechnics 
The site was established in January 1963 and last used in December 1968. 
MK 24 Aircraft Parachute Flares were tested 
Testing was conducted behind the current parking lot in the open area on stone 

B-143 Drop Test 
Used for testing Rockeye Bomblets 
Steve Shouse participated in the testing 

Pyro Areas Outside Test Burn Pad 

2 



Interview Record 

Installation/Range or Site: NSWC Crane, Indiana 

DatelTime: March 19,2003 

Person Conducting the InterviewlTitie/Organization: Molly Howard, Malcolm Pirnie 

Person Being InterviewedlTitie/Organization: Steve Schantz 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, 

Previous History, etc.): Range Safety Officer at NSWC Crane for numerous years. 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical 
Records/Maps Available): 

Mr. Schantz assisted in providing either direct information and/or identifying individuals who may 
have knowledge regarding the sites. The following is information obtained from Mr. Schantz: 

2930-Process Control Area 
- Process control for star-shell area 
- Used from 1963-1968 as OED P.C. Test area 
- OED was located upstairs in B-39 
- MK 24 Aircraft Parachute flares, dense white smoke, smokes, flares were tested; however, 

no Records exist 
-Point of contacts for this site were: Bob Russell, who was ordnance Dept QA, Mike Reed

Retired, Aldridge-deceased, Morris Trowbridge-Retired, Jan Armour-Retired, Dan 
Hoffman-Retired. 

- Testing was conducted on back-side of the lot 
- 50' Diameter circle for test area 
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.1 Interview Notes Continued: 

Pyro Areas Outside Test Bum Pad 
Flares and signals were tested 
All testing conducted at the site was inside the concrete basins; however, some kick out from the 
blast may have occurred. 
Testing was probably associated with the pyrotechnics (flare assembly) production occurring in 
Building 126. 

B-143 Drop Test 
John Bromick - person identified with knowledge 

B-2044 Drop Towerrrest Rail 
Danny Beaver-Retired was identified as having potential knowledge of the site 

Test Pads on Hill Behind B-198 
Danny Arvin has sketches. 
Hank Webster may have knowledge 
Thought to have tested some plastics that created a smoke cloud and was observed via satellite. 

~ (. 
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COpy . 
'HE BUREAU OF YAROS ANO DOCKS 

• 

IN REPI.Y ADDRESS 

! AND REFER TO NO. 

NTl-18/Nl-13 

From: 
To: 

SUBJECT: 

Inclosure: 

NAVY DEPARTMENT 
BUREAU OF YARDS AND DOCKS 

WASHINGTON. D. C. 

Chief of Bureau of Ya.rds and Docks. 
Chief of Bureau of Ordnance. 

U. S. Naval Ammunition Depot, Burns City, 
Indiana - revision of boundary 11nes. 

(a) Bu.Ord. Itr. NTl-19(52) (Ad3b) of 
June 27, 1941. 

(A) One marked photostat of a. map showing 
boundary of N. A. D., Burns City. 

1. The boundary lines of the subject depot, as 
they now stand, have been indicated in red on the inclosure. 
Approximately 43,690 acres are inclosed within this boundary. 
It is estimated that approximately 925 high explosive maga
zines can be located in the portion of this area which lies 
south and east of the present state highway No. 45. 

2. The inclosure has also been marked with yellow 
crayon to show twelve separate areas lying outside the present 
boundaries, the purchase of which would be necessary in order 
to obtain t!1e straight boundary lines desired by the Bureau of 
Ordnance. These areas total about~4,325 acres. It is esti
mated tha.t this land would cost an average price of $,25.00 
per acre, or about $108,000 for the total. 

3. The Bureau of Ordnance is advised that, unless 
a certain amount of construction is deferred, this Bureau has 
availab:e only $30,000 to apply toward the purchase of this 
land. Comment and recommendations are requested. 

/s/ A. D. HUNTER 
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EXECUTIVE SUMMARY 

I. GENERAL· 

A. A records search was conducted On the Naval Weapons Support Center 
(NWSC) at Crane, Indiana to uncover indications of contamination at the 
installation by chemical, biological, and radiological materials resulttng 
from past manufacturing, testing, storage, and disposal operations~ and to 
assess the possibility of contaminant migration b~ond the installation 
boun dari es . 

B. The on-site phase of the search was performed from 19 to·23 ·September 
1977; however s data were collected from other agency sources through 15 
October· 1977. In addition to the on-site search, Team members also contacted 
personnel at the Naval Ordnance Station, Indian Head, Maryland, and the 
Naval Weapons Laboratory, Dahlgren, Virginia, who were familiar with 
operations at N~ISC, 

C. The procedure followed by the Records Research Team incl uded: 
~. 

1. Acqui ri ng· a 11 p~rt; nent docume~ts on NWSC from other gov~rrirtlent 
~gencies, iricluding: . \. . 

a . 

b. 

c. 

d. 

e. 
Nevada. 

f, 

g. 

h. 

i. 

Department of ·Defense Explosive Safety·Board (DOESB), 

us Army Environmental Hygiene· Agency (USAEHA) '. 

US Geo 10 gi cal S uryey (USGS) ~ . 
Defense. Documentation Center (ODC). 

US Department of Interior Ecological Survey, Carson City, 

US ArmY Engineer Waterways EXperiment Station (WES). 

National Techhical Information Service (NTIS). 

Naval Ordnance Environmental Heal th ·Center (NOEHC). 

Naval Sea Systems Command (NSSC). 
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2.· Obtai ning copi es of all pert; nent i nsta 11 ati on regul ati ons , 

standing operating procedures, and other available documentation. 

3. Interviewing former and present key employees. 
. . 

4. Analyzing the above; nformation." 

D. This report reflects the status of NWSC as.of 15 October 1977. 

11. FINDINGS 

A. Crane Army Ammunltion Activity (CAAA)' License 

A license, NF(R)-36.943,was gran'ted by NWSC to the AnT\Y. effective 
1 October. 1977 which authorizes the use by CAAA of a significant portion uf 
the facilities· at NWSC, Crane. The lice.nse was required for the establish
ment of the CAAA as Single Manag~r of conventional ammunition wi.th assigned 
responsibi1ites as set for·th in DOD.Directive 5160.65 of 26 November 1975. 
Facil iti es are to be util ized for the accompl ishment of Anny functi ons 
required in the procurement, production, storages supply, dem;·l itarizat)on 
and maintenance/renovation ot .conventionaJ a~nition. A copy of tha sub-
ject license is included as' App_~nd.ix E of this report.. -

B. Industrial and Prod'uction Operations 
. . 

.1. 'ProductioFl areas of the installation potentially contaminated 
.with waste from explosive and pYrotechnic operations include the 3-inch 
(Rockey~) and 40mm explosive loading complexes, the·booster area, mine 
filling areas A andB, and the old 16-inch loading arid.deinilitarization· 
facility, see Chapter IIA of report .. Contaminants identified include TNT, 
RDX, tetryl, lead styphnate, Composition A and B, Explosive D, HMX, aluminum, 
alkal ine nitrates. lead chromate, and other explosive/pyrotechnic waste 
products. . 

2. Potentiaiiy contaminated wastewaters from manufacturing and 
demil itarjzation Qperations are dumped initially into sumps with the 
overflow going direct1y into open ditches. Prior to the recent installation 
of efficient dust collectors, considerable quantities of explosive powders 
were vented directly into the atmosphere. The soil in the vicinity of these 
sites is heavily contaminated and vegetation in the area of the plant is 
either miSSing or in a state of stress (i .e., dying, stunted, discolored). 

C. Testing and Firing Ranqes 

. 1. Extens'ive testing of explosive.and pyrotechnic munitions has 
been conducted and is being conducted at several locations on the'instal-
1 ation. The pri nci pa 1 ranges i-ncl ude three pyrotechn1 c ranges, a rockeL 
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range, a rifle range, an explosive demolition area, a small arms t2sting area, and un ordnance burniny drea. Types of mun'itions tested incl ude sma 11 arms, 40rrm. grenades, pyrotechni c fl ares' and ?moke signal ing devi ces , mortar, bomb and projectile ammunition, ~nd experi~ental devices. 

2. Unexploded ordnance CUXO) were reported at several of the ranges and the demolition pi.ts. UXO munitions include small pyrotechnic devi ces,· aeri a 1 di spensed devi ces, mortar rounds, and other naval artillery shells~ At the demolition area, explosive munitions are scat-tered as a result of demilitarization operations. During the Team's ground tour, UXO with parachutes were oeserved hangi ng frnm trees. 

3. Lake Greenwood~ which is the sour.ce of drinking and production water at NWSC, was used froin the early 1940's to the late 1960's for the testing of floating pyrotechnic devices including signaling smokes and flares. Four locations were identified at ~ake Greenwood where testing was conducted. . 

D. Disposal Oper~tions 

1. Two landfills are presently active/at the 'insta11ation; they' are the sanitary landfi.ll and the McCamish Gorge landfill. The sanitary landfi11 began operations in 1971, replacing the old open burnlng pit as a means of disposing of daily refuse. This landfillhaa" a letlching problem and the installation is attempting to rectify the problem by constructing a.pond to hold the leachate. The McComish Gorge landfill is utilized for timbers and other large items riot suitable for the main c;anitary landfill. Personnel interviewed by the Team iridicated that" a potential exists for both landfi 11 s to be. contami n~ted b)' waste materi a 15. ~ 

~ 

2. Contaminated waste' from insta'llation activities js disposed of by burial Dr burning at various locations on the instaliation. Disposal areas i nc1 ude a chern; cal agent burial ground (1947) Ian ordnance burning area used since 1965, an old pyrotechnic burn1ng pit used from the early 1940's to 1970, and a pit where approximately 50,000 pounds of smoke dyes were buried in 1969. Some of these dyes (auramine hydrochloride, yellow dye) are reported to be carcinogenic in the lastcst Register of Tox.ic Chemical Substance. published by National Institute for Occupational Safety and Health. 

3. Tlie chemical agent burial ground is located in the southeast . quarter of the NWSC. Several hundred pounds of mustard agent and several pounds of radioactive thorium were buried here in 1947. One of the mustard -. pits was excavated in 1974 and several bombs loJere found to contai n 1 i ve mustard agent. The bombs were sealed by an ArmY Technical Escort Team and stored. Total number of pit~ is not known .. ~nd a'· -..... -.. ..... ..-;-_. 
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project is being conducted by the installation to determine if migration 
of mustard agent is occurring. The thorium was removed from the site in 
19i'4 and shi pped to an AEC (DOE) s1te for storage.' The sHe WdS ihen ~ur
veyed and certified free of radioactive contamination by the Material and' 
Safety Department of NWSC, Crane . 

.E. Storage Operati ons 

1. There are approximately 2300 storage magazines at NWSC. 
Materials stored'within these structures include explosive and pyrotechnic 
powders, expl osi ve and pyrotechni c munitions ranging from small' anns to 
large bomhc; ann nrtyrtl projectiles. anti-riot munitions. initiators. fuzes. 
munition components, and subassemblies. 

2. Approximately 2808 chemcalagent identificption kits, which 
contain smalJ_quantities of various ,chemjcal agents in ampules, are stored 
in magazines. These kits are. scheduled to be moved to another site for' 
demilitarization. .._--_._- ... __ .... _-_._- ... -~---

F. Biological Agent Operations 

B1uloyicC:ll Wdrfdre ayents d.IIU weapolls were never developed, man'u": 
factured, tested ot stored at the installation. 

G. Radiologic~l Operations 

'Radipl ogi ca 1 materi als and weapons were never developed, manufactured) 
or tested ori the installation. Thea inc;t.tllhtion is ,licensed to use small 
quantities of radiological. materials for biological tracers (carbon 14), 
lead detection (krypton 85) t radiography (cobalt 60), iridium 192, and 
n; ckel 63. Weapons equi pped wi th Promethi um-147 si ghts are stored at Nl-ISC. 

H. Water a.nd Water Quality 

1. The installation is drained by several surface water dra1n
ageways. The central portion of the installation is drained by Boggs 
and Turkey Creeks; the eastern portion by Sulphur Creek; and the northern 
an~ western port'i uns by Furst and Culpepper Cre~ks. 

2. A water quality monitoring program is conducted by the installa
tion at six locations within the Boggs, Turkey, Furst, and Culpepper Creeks 
drainage areas. However, no water quality monitoring is conducted on the 
waterways that exit the installation's eastern boundary. The six monitoring 
locations are in the northern and',central areas of the installation. No 
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B. Current Manufacturing Operations 

A potential exists for contamination from' current manufacturing operations to exit the installation via'unmonitored surface and subsurface waters. Of particular concern is explosive waste (Red Water) from the Rockeye operation which is dumped' into Sulphur Creek, This creek is one of several creeks in the eastern and southern areas of the installation not monitored under the installation's water quality program. In addition, NWSC is exceedi ng di scha rge 1 imi ts imposed by NPDES perm; ts ~ . 
,C. Lake Greenwood 

Since Lake Greenwood is not monitored by the installation for the presence of explosive or pyrotechnic waste materials, a potential exists for the lake to be contaminated by those 'waste materials. 
D. Chemical ~gent Burial Ground 

An unknown quantity of mustard munitions is still buried at the Chemical Agent Burial Ground. The area is fenced, however, the exact location and number of burial pits is not known.' Based on location of 'the burial ground, (.;untaminant migration beyond installati.on boundaries':is cons i dered remote. " ' .. ,... , , 

E. Burial of Pyrotechnic Dyes 

An estimated 50~OOO pounds of pyrotechnic smoke is. buried at the Ordnance Burning hround.· During periods, of heaVY rain, color'ell materials seep from the filled pits. Since the dyes inc1uded carcinogenic materials, a potential exists for them to migrate via surface and subsurface waters. 
F. Wate~ Moni tori,ng Program 

The installation's present water·monitoring program does not. include dndlysis for exp'losi ve waste material s nor does it monitor all streams exiting the installation. 
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monitorinq is done on BO.Qqs Creek in the southern portion of the install ation; 
neither are the waters impounded by Boggs Dam monitored. At the time of the 
Team's visit (September 1977), available water quaJity data for the six 
monitoring locations.indicated that the i.nstallati.on is having difficulty in 
complying with EPA discharge permits. (See Chapter IEl a of report). 

. 3. Lake Greenwood is monitored intermittently by the installation. 
The water quality data provided by the installation, and collected in 1970, 
indicate that the lake water was potable .. No current analysis was avail
able to the team for explosive manufacturing wastes suc.h as TNT and RDX • 
Due to the lake's location in the northern section of the installation, 
only limited amounts of wastewaters from the manufacturing areas reach· 
the lake via drainageways and creeks. The State Health Department conducts . 
a water quality program tha~ includes Lake Greenwood; however~ analyses are 
not conducted for.potential pyrotechnic and explosive contaminants. 

4. Big Sulphur Creek, which drains the Rockeye manufacturing ·area, 
exits the installation to the east and receives wastewaters that are 
heavily contaminated by explosive manufacturing wastes including red water 
(TNT). The Records Search learn, during its grgund· tOllr, tracked the '. 
wastewaters for over a mile'and the red color·was visually detectable" 
over the whole distance. Little Sulphur Creek drains the ordnance burning 
area where an estimated 25 tons of pyrotechnic dyes are buried .. No water 
monitoring is conducted in thi s area. '-. .. 

5. Data on subsurface water-s (groundwater) is limited. The 
'installation has data from five wells which indicate gl"oundwater'depths 
of beb/een 141 to 313 feet. Only 1 imited water qual ity data are avail abl e 
on four of these wells and consist of a 1970 report that addreSses alkalinity, 
pH, and hardness. General regional dip of the bedrock is approximately 20 
feet per mile to the west~southwest . 

. I I J. CONr.U1S IONS 

A. Past E~plos;ve Operat;on~ 

Several areas of the installation (i'ncludin'g the explosive and 
py"rotechni c. areas, bur; al and burning sites, 1 andfil 15, and test ranges) 

'are suspected of being contaminated with. toxic and hazardous materials. 
. No fi rm cqncl usions can be drawn regardi ng mi grati on of contami nants from 
past manufacturing, demilitariiation, and disposal operations because of 
limited surface and subsurface water data. 
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I.. GENERAL 

A. ,Purpose of the Assessment 

'"I." To search for, identify, and assess actual o,rpotential chemical, biological, or radiological con~aminant migration at Naval I~eapons Support Center (N\~SC)*, Crane, Indiana from available records and by intervie\'l with present and former employees. 

" ' '.,2. To identify any i,mmediate on-post safety'hazards associated "lith ~B~ contamina~ion and unexploded ordnance (UXO). 

B. Authority' 

Department of the Army (DA) charter for the Project Manage'r for Chemical Bemilitarization and Installation Restoration (PMDCIR) dated 29 April 1977. 

C. Introduction 

. 1. Pursuant to the 'designation of the US ArmY as the 'DOD Single SourCe Manager for Conventional Ammunition, and the attendant a'ssumption of ownership and control of certain production· and storage facilitie~. format"ly under the purview uf the us Navy"He'adquarters, US Arll\Y Arrnarrent Materi el Readiness 'Command (ARRCOM) ; requested PMCDIR to undertake a search of NI~SC records. 
'. , 

2. Personnel from NWSC were briefeq on the prog'ram prior to the start of the on-site records search. The purpose of the briefing was to outline the assessment scope ann to provide guidelines to M~SC ~ersonnel for the records search. ' . 

3. Before the actual on-site revlew of records began, various Govern'ment agencies were contacted for documents 'pertinent to the records research effort. Agenci es contacted i ncl uded: . 

a. Department of Defens·e Explos.ive Safety Board (DDESB). 

b. US ArmY .Environmental Hygiene AgenCy (USAEHA). 

c. US Geological Survey (USGS). 

d. Defense ,Documentation Center (DDC). 

e. US Army Engineer Waterways Experiment Station (!~ES) ~ 

*In the past the Naval, Weapons Support Center was known as the Naval Arrrnunition Depot. Crane, Indiana. 

1-1 

I 



I 
.f 
r 
f 
I 
[ 

r: 

~ -; 
"--

t 
t. 
r . 

i 

t· 

i . 
'--

f. Nat10nal Techn-ic;al IlIfor'mation Service (NTIS). 

g. Naval Sea Systems Command (NSSC). _ 

h. Naval Ordnance Environmental Health 'Center (NOEHC). 

i. Naval Ordnance Stati on, Indian Head, Maryl and fNOS) ~ . 
. ". 

j. Naval Facilities Engineering Command.' 

4~ The collection of documents occurred during the period of 
15 September 1977 through 15 Octooer 1977. The _following team 'members 
provided input to this report: 

a. Mr. William Collins (Team Leader). 

b. . Mr. Norman Leibel (Ordnance Specialist). 

c. Dr. Elmer Worthley (Environmentalist). 
..r -,., .' 

d. Mr. Harry ·Woods (Hydrogeologist). 

e. Mr. John Bane (Chemist). 

f. Mr. Reed Magness (Chemist). 

g. Mr. Daniel H.enz (Chemical Engineer). 

h. Mr. james Scott (PM-CDIR Representative/Chemist) . 
•• _ '_-0' ....... -

5. In addition to the review of records, interviews were conducted 
with more than 25 persons, including present and former employees. An aerial 
and a ground tour of the install ation were also made. Pholog'r:-Clph5 taken during 
the tours are im::luded in Appendix A. Team member-s also contacted. and 
interviewed personnel at Naval Ordance Station, Indian Head, Maryland and Naval 
Weapons Laboratory, Dahlgren, Virginia who were either former ~ployees' at 
NWSC or were aware of 'certain operations conducted there. 

. -
6. The findings and conclusions are based on the records made available 

to the Team at the time of the search, and the corroborated testimony of t"he 
past and present employees. 
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o .. Sunnnary Dp-~c:r.i[ltion. of Installati~n 

1. Locaj:ion and Size 
. . 

The NWSC Crane is located primarily in Martin County. 1ndian'a~ 
with a small area in the north, lying in Greene County and in the east, in 
Lawrence County (See Figure. 1-1). Davies·s County borders the NWSC on the 
west. Located in southwestern Indi ana, NWSC Crane 1 i es approxi mate ly 25 
miles southwest. of Bloomington, Indian'a; and 70 miles southwest of . 
Indianapo1is, Indiana. Figure 1-2 shows the towns nearest to NWSC Crane, 
with theirapprox'imate popul at10ns. The' NWSC is bounded 'on the north by 

. State Road 45/58, on the west by US Route 231 ~ and on the south by US Route 
50/150. 

I 

The NWSC consists of 1 ,006 acres 'of improved grounds, 10,047 acres of 
semi -improved :grounds, and 51,411' acres of unimproved grounds, a iota 1 of 
62,404 acres. Included in the NWSC acreage is an 800-acre man~made lake, 
Lake Greenwoo~, constructed by the Civilian Conserv~tion Corps. 

" There are approximately 2800 ~trllctures at-"NWSC. incl uding 800 9~ncral 
purpose buildings and 2000 ammunition stor~ge facilities. 

2. Area Description 

Martin County has an area of 337- square miles (215,680 acres); . 
its county seat is· Shoals. The county lies in the hilly part of Indiana~ 
with an ~v~rage elevat10n of 550 feet, and a height range of 425 to 860 
feet. The local climate is characterized by warm and humid summers and 
moderately cold winters. Rainfall is fairly well distributed throughout 
the year~ but there is usually an excess during the spring and an inadequate 
supply during summer. 

Information on the counties surrounding or including NW5C Crane includes; 

MAJOR CITIES MAJOR RECREATIONAL 
COU~ty. POPULATION AND . TOWNS RESOURCES MANUFACTURERS FACILITIES 

Martin 10,969 Loogootee, . Argri cul- Carnahan Mfg. W. Boggs Creek 
Shoals ture ~ Company; 'Recreati on a 1 

Timber Edison, Inc.; Area; Patoka 
U.S. Reservoir; . Gypsum, 
Nat; ana 1 Martin County 
Gypsum State Forest 
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Figure 1-2 POPULATION AND DISTANCE OF TOWNS NEAR N'II'SC; CRANE, INDIANA 
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MAJOR CITIES MAJOR RECREATIONAL 

COUNTY POPULATION AND TOWNS RESOURCES MANUFACTURERS FACILITIES 

Greene 26,894 

. Lawrence 42,348 

Davi'ess 26,602 

Linton, 
Jasonville, 
Bloomfield 

Bedford, 
MitcheJl 

Washing
ton 

Coal, . 
Agri cu1-
·ture . 

Lime
stone, 
Timber 

Agricul
ture, 
Ti mber· 

3. Organizatfon and Mission 

G. f: •. Ke 11 er 
Al uminurn; 
AmaxCoal 
Co.; Peabody 
Coal Co. 

Indiana 
Limestone; 
Central 
Foundry Di v. 
of G.M.; 
Phi1co~Ford; 
Lehigh
Portland 

/;Cement Co.; 
. Carpenter 
. Body Works 

Uniroyal 
Corp. 

L.ake Monroe 
Reservoi r-; 
Shakamak 
State Park; 
Greene
Sullivan 
State Forest 

Wayne"'Hoos ier 
Nati onal 
Forest; Lake 
Monroe Res
ervoir; 
Springmili 
State Park 

Pato.ka 
Reservoir; 
Santa Cl aus , 
Indiana 

. a. Mis.sion. The original mission of NAD Crane (its name before 

1975) was loading ll preparing, renovating, receiving, storing, and issuing 
all types of ammun1t1on to thE:! flE:!t:!(;. The mission of Cru.ne has expanded. 

through the years to include applied science, weapons engineering,quality 

evaluation and engineering, maintenance and repair of military hardware, 
pyrotechnics, arrnnuniti on generilti on, ; ndustri al production eCluiplllP-nt. sup

port servi ces •. and qual ity assurance. Crane al so stores a number of 

strategic materials, such as brass, iodine, tantalite, mica, talc, antimony, 

bismuth, columbite; and lead. 

b. ·Organization. The organization of NWSC Crane, as of May 

1977, is in the manual NAVWPNSUPPCENINST 5450.210 with changes dated 14 

April 1976 (see Figure 1-3). This organization was subject to change as of 

1 October 1977, when the conventional ammunition production, renovation, 

Quality assurance, and demilitarization functions were transferred from the 

Navy to the Army under the Single Manager concept for conventional ammuni

tion procurement, production, supply, and maintenance/renovation in the 
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Executive Hil.1tary Jo'.anagement C Navy Exchange NX 
Officer B 'Smal~ Busines& Ci NAVSECGRUDET NS Install. Mess Mgr C EOD Detachment EOD COllllDan4 l'roject Off ,C4 Commissary Store CS DEEOO . c.s NAPEC (~EA-04J25) * 

I t I ' . I . / Safety Resources and Hedical NAVSEASYSCOl'l· DepartCle:lt Planning Depa.rt Department. Safety School 
mene Department Code 04 Code OS Code 12 Code 14 

~- -
L J I I I Ordnance Weapons Quality Applied neet: Logistics Invest1llent Planl Department Engineering Sciencis Dep,art SIIPI'nrt Depart- Propar~y Support Center ment mene Department Code 20 Code 30 Co~ .50 Code 70 ·.Code 80 

I I ( I l .... . 
Quality Public Works 

, 
Comptroll er Supply Data Proces8ing Assurance Department: Depar~ent Department Deparl:ment Dt!partment 

Code 40 Code 09 Code 02 Code 11 Code 03 
'. 

L I 
Ad:::inis:ration Civilian Security *Establishe4 as a detachment of Department Personnel Doparcmcnc ~he NAVSEASYSCOHHQ. . 

'Cod e 01 
Depa!tmerit 

Code. {)6 Code 10 .. _ .. _ ....... _._----_. - ,- ' 
-_ .... _ ... _ ...... ............ - .., 

Figure J·3 NAVAL WEAPONS SUPPORT CENTER ORGANIZATIONAL CHART -' --:-. -- ... ~-... _"'. - .. 
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Continental United States, as directed by the Secretary of Defense. 
Install~tion strength as of September 1977 was 3,407 full-time personnel, 
civilian; 180 temporary or part-time, and 51 milit~ry. These figures apply 
to NWSC Crane and the Naval Ammunition Production and Engineering Center 
(a tenant' activity). Other'tenant activities account for 835 civilians and 
19 military. The number of employees at Crane has varied from a high of 
approximately 10,009 during WWII; 4,700 during the Korean action, 7,000 
d~ring the Vietnam period, to the present level. 

4. H'i story, 

In 1940, Corryress appropriated funds to build new inland 
ammunition pro.duction facilities that would be secure from enemY attack •. The 
Naval Arrmunition Depot (NAD)" Burns City, Indiana, was constructed using 
35,000 acres of land from the White River Land Utilization Projp.r.t. a public 
land acquisition project begun in 1934, and 26,830 additional acres from . 
private ownership. The depot was officially commissioned on December 1, 1941. 
On May 1, 1943, NAD Burns City was renamed NAD Crane. 

During WWII, there were more than 112,000,000 pounds of high explosives~ 
and Rfi.DOD,DOO pounds of smokeless powder stor~d in the various magazines. 
At one time, there were also 54,000 500-pound nombs·stored at NAD, as· well 
as other types o·f bombs, and 5000 to'rpedoes. Guns, rockets, gun mount$ 
and parts, automotive equipment, aViation, and underwater ordnanoe were' , 
also stored there in the mid-forties. A 'chemical \'larfare area was established 
at Crane early in WWII, in the' high explosives area, for th~ purpose 
of unloading, storing, and servicing chemical warfare material. The first 
itemS stored were 155mm mustard sh~lls. In January 1945, Crunc became 
a major storage point in the· Navy f9r chemical warfare munitions. 

After WWII, thousands of carloads of equipment and materials arrived 
at Crane for, storage~, preservation, sorting, scrapping, or shipment. 

Crane successfully met its pllrpn~p. of providing ammunition to the 
Fleet during the Korean and Vietnam conflicts, reaching a high le~el of 
ordn'ance production in 1967-68 with approximat.ely o'ne million MK68 and 
MK8? bombs, ,one-half million major caliber projectiles, and one-half 
million MK24 flares being produced. 

Over the years, the need for scientific and engineering pers~nnel at 
Crane has increased, while that for laborers, helpers, and munitions 
workers has decreased, due to the expanded mission noted in paragraph ID3a 
above. On 1 Juiy 1915, NAD Crane was renamed the Naval Weapons S~pport 
Center (NWSC) Crane, to more accurately reflect the expanded scientific and 
engineering functions. 
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E. . En vi ronmenta 1 , 

1. Water Qual ity 

. a. Surface. ~Jater for the Naval Weapons Support Center (NHSC) 'Crane is obtained from lake Greenwood, an BOO-acre lake, situated in the ' northwestern portion of the NHSC (Figure I-4). Lake Greenwood is a multip1r) purpose reservoir that is used for recreation, flood control, and ""ater supply. ,The lake has an average water depth of approximatp.1y 15 feet and '11\ orientell in an east-west direction with a 55-foot-high compacted dam formin~1 the western end. , 

SiX centrifugal pumps (on the south shore of lake Greenwood) supply'ra't' water to the 2.1 million-gallon-a-day water treatment plant in Building 4 (Fig.ure I-4). The water treatment consists of aeration, clarification with alum, ,rapid sand filtration, and chlorination. The water. distribution system, conSisting of 6- to ,lD-inch diameter lines equipped with air, electric, and hydraulic control values, is located primarily wi'thin the, industrial and cantonment ,areas a~ identified1;)y the cro!;shiltched ar~a i'n Fi gure 1-4. Two small corrnnunities, BurriS City and Crane Vill age, near the \'1esterl'l boundary, purchase potable! water on a fee basiS from the Nl4SC. ' 
nl£:! surface drai nage network, has formed a dendritic pattern throughout the ,installation. Seven creeks in four separate drainage basins carry surface water off the install atibn(Fi gtire I":5). Drqinage' from Basin II in the northeast and southeas~ part of the NWSC consists of several small drainageways. The north and northwest drainage (Basin I) eventually empties into Furst Creek which flows in a westwardly direction and crosses the NI.JSC boundary. Rainey Hollow, Big Sulphur Creek, and Little Sulphur Creek drain the eastern sector identified as Basin III. Drainage Basin' IV occupies the central portion of the installation Where Boggs Creek and Turkey Creek receive the drainage from thp industrial area and that portion ot' the cantonment area south of Roads H43 and H5. This drainage crosses th(~ south-central boundary. Seed Tick Creek drains Basin V and exits the NWSC along the southwest boundary. All surface drainaQe from the NWSC e)11rrtles ; nto the East fork of the White River south of the install ation. 

The NWSC maintains close coordination with the Soil Conservation Servi ce concerning soil erosion and fl ood control. Ten ponds have been constructed under this program with the structures on Boggs and Seed Tick Creeks being the largest. S~veral small ponds and catch basins are associated with the manufacturing processes on the insfallation. 
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b. Subsurface. Data on groundwater conditions within the 
installation are extremely limited. The utilization of surface water for 
domestic consumption and manufacturing has precluded 'groundwater exploration, 
1 eaving a gap i n_ groundwater data. . 

Available groundwater "data are from five wells' (Figure 1-6) drilled in 
·the early 1940'5. No 'water was reported in the overburden which ranged in 
thickness from 0 to 26 feet. Limited water was obtained from sandstone and 
limestone·at depths between 141 and 313 feet below the surface with the 
shallowest watet'.level at 85 feet in well No.5'. The well logs are 
.presented. i n ~?en~i!_~ . 

The regional dip of. the bedrock'is approximately 20 feet per mile to 
the west-southwest and the water level sh~ud conform to this general 
pattern. 

c. Analysis. Lake Greenwood, an 800-acre lake situated in the 
northwest· section of NWSC, supplies. both potable and industrial water for 
the installation. The State Board of Health of Indiana 'analyzes four 
samples of water per week from NWSC and its immedi~te environs for compliance 
with State potable water standards. (See Appendix C.) Samples taken incl ude: 
1) raw water from the intake to the water treatmeht" pl ant (WTP), 2) treated 
water from' the WTP, and 3) . potab'le water from"Crane .Vi'll age and Burns C'1 ty 
which are located adjacent to the western boundary. Water from these sampling 
points is of good quality and currently meets the State's requirements. 

Table 1-1 provides a iTJOnthly report of the water treatment plant's 
operational data averaged over a 31-day period; 

TABLE 1-1. Water Treatment Plant Data for July 1977 

PARAMETER RAW WATER TREATED WATER. 

Turbi dity 2.3 1.0 

Alkalinity 12 27 

pH 6.8 8.3 

Hardness 43 76 

Chlorine 1.0 (24 tests 
per day) 

*mil1igrams per liter (mg/l) 

~ 
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Water qual ity at NWSC Crane has suffered in the past and continues 
to suffer to a lesser degree in the ,present both from spills and from 
practices of discharging untreated and/or inad~qu~tely treated sanitary 
and i ndustri al wastewaters di rectly to the watershed. In 1960, several 
hund~ed gallons of a cyanide solution was accidently discharged to surface 
drainage.* The spilled solution was dammed up and chemicallY treated to 
destroy the cyanide radical; however, the rretal associated with 'the 
cyan; de radi cal still, p~esented a potenti al water contami n~tion prabl em. 
In 1970, two of the installation streams were cited as being poiluted with 
effl uent from 1) the main sewage treatrr~nt plant (STP) 2) the nockeyc 
bomblet loading area STP (due to inadequacies in sludge digestion and 
effluent disinfection, 3) the Depot laundry, and 4) the Depot Plating 
Shop. ** The laundry discharged to an open ditch that connected into the 
sanitary sewage system. Laundry wastew~ter contaminants included phosphates, 
detergents, explosives, and pyrotechni cs. Effluent, ·from the Pl ating $hop 
contained concentrated slugs of metal ions (sodium, cadmium, zinc) and 
cyanide. Rerr:edial action was propos~d under Line Item No. P-10B. . 

In 1971. rt project (Project No. P-997) was»roposed to abate water 
poll ution associ ated with operation of the .Case Overhaul Facil i ty. The 
paint and rust stripping operations was discharging untreated wastewater 
containing caustic, acids, and iron oxides directly to the watershed. 

Project No. P-996 (1972) was offered to provi de proper di,sposal of 
wastes from Buildings 4,7,36,115,126,130,133, 136, 140~ l46~ 150, 
199, 1820, 1885, Um6, 2044 5 2084, 2087, 2088, and 2921. Disch.nrgcs ,from 
these areas included. acids, used petroleum products, chemicals, and 
domestic products. 'These wastes were being discharged to the watershed 
via overloaded, inadequate, or nonexistent facilitie~ in violation of State 
arid Federal Standards. . 

In 1973, the Medi urn Cal iber Projectile Ln~rlihg Facility (Buil dlnq 104) 
was cited for the direct discharge of wastewater to the watershed (see 
Project No. P-130). In addition, ammonium picrate and cyc10nite (RDX) duSts 
passed to the watershp.d without treatment via settling basins.' Other problem 
sources cited that year incl uded discharge of untreated IIRockeye" Bomblet 
Facility wastewater containing complexes of trinitrotoluene (TNT) and 
inadequacies of the septic 'system for disposal of sanitary wastes. 

'*Memorandlim: From 122H to 053D,-a-:""September-'i97t;Nav'al-Weapon's-Su'pport-Center, 
Crane, Indi ana. . 

**Five Year Station Plan for' Naval Animunition Depot, Crane, Indiana 
(FY 75-79), pg. C-1, Approved July 1974. 
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During FY75. a np-p-o \\fn~ recoan;zed (Line Item No. P-132) for the 
continuous"monitoring of five streams flowing off the installation; the 
need fo1" monitori ng \'1as due to contamina ti on of the streams \'lith untreated 
industrial wastes and with discharges from the sewage treatment system. 

In 1974. the need to' provide tertiary treatment capability at all four 
sewage '~reatment plants was cited. This capability was mandatory by 1977 
in order to comply with Indiana Strea~ Pollution Control requirements. 

. . 
In 197? STP No.1 effluent to Boggs Creek was cited as often. bei.ng in 

violation of its NPDES Permit (Permit No. IN-002l539) for fecal culiform. 
residual chlorine, oil; and grease.* The effluent from STP No.2 was often 
in violation of Permit No. IN-022l55 for fecal coliform and STP No.3' 
(Permit No. IN-OD2l563) lacked effluent chlorination. The operation of STP 
No.4 (Permit No. IN-D02l547) was satisfactory. (Project No. P-117 was 
designed to replace STP's No. 1 through 4 with an advanced waste treatment 
plant in 1977). Other problem areas included contamination of Furst Creek 
with heating oil from the NWSC Fuel Farm. The most severe wastewater . 
prob1em discussed in the Sanitary/Environmental Survey was the industrial 
waste problem associated with the Metal PlatiT]9.ShoP, Building 1884 ... -: 
Activities in this shop inCluded zinc and-cacmium plating and anodiz:ing o'f 
metals. Sodium hydroxide; sodium, cadmium and zinc cyanides; and 
hydrochloric acids were among the materials used. Discharge from ·this shop 
was in noncompliance with NPDES Permit No. IN-00351S7. 

. . 
In 1976, the burning of Building 225, a large storage building, resulted 

in several chemicals including pentachlorophenol and $odium fluorescein 
(a green dye) entering the surface drainage system. The spillage \'las 
initially contained and treated; however, the contai·ned water was 

. eventually allowed to flow-off the installation.** (See Figure I-n. 
Data obtained at the time of the Research Team's vi~;t (19 - 23 

September 1977) indicated that the installation was having difficulties 
during i977 in meeting discharge limits imposed by its NPDES Permits. (See 
Appendi x C for analyses sheets showi ng permit conditions and for fi gures 
showing approximate locations of outfalls.) As shown in the analyses of 
\-Iastewater, all four sewage treatment pl ants (Outfall s 001 thruugh 004, 
respectively) Were in noncompliance at least once during the month' of July. 

*Sanitary/Environmental Surv'ey for Naval Weapons Support Center, Crane, 
Indiana. -

**Memorandum, From. 303 to Distribution List, Subj: I1Green \~ater" Report, 20 
September 1976, NWSC, Crane, Indiana. 
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Sewage treatment plant (STP) No.1 failed r~quirements for total suspended sol ids (TSS)., fecal coliform and chlorine residual, STP No.2 failed requirerrents for fecal coliform and chlorine residual. and STP'S Noo 3 ilnd 4 fa i 1 ed reg ui roements for ch 1 ori ne res i dua 1 . 

Although wastewater from the Metal Plating Shop (Discharge point 005), is currently neutral i zed and treated to des'troy cyani de before discharge to surface waters, the effluent periodically fails to comply fully \llith its discharge .limits. There are continuing problems with pH, TSS, cyanide, copper, iron, lead, and zinc. Discharge point 005 (Boggs Creek below its confluence with Turkey Creek) had difficulties with TSS, chromium, copper, and iron. , . . .. The new 'advanced sewage treatment plant Jas put on-stream on 16 September 1977; however; since several ~"eeks of debugging \'/ere required before it became fully oper.iiti anal, analyses of its output were not avail ab 1 e during the survey. 

The ·present water monitori ng program does not i ncl ude ana lys es of any' of the N~JSC major streams at the point where each leaves installation property. It is' nece'ssary .to .have this data in order to determine whether contaminants are actually migrating off the installation. In the easte.rn·. part of the installati(.)n. Big Sulphur Creek c;lra:fns SOytht:!dSt from the < Rockeye manufacturing area and .is contaminated with explosives manufacture wastes including complexes of TNT. Further south, Little Sulphur Creek drains southeast from the vicinity of a pyrotp.chnic burial site and an ordnance burning area. Boggs Creek, just below its confl uence with Turkey Creek, contains heavy metals; therefore, the potential exists for these . contaminants to migrate off the installation at. the southern boundary. Sep.n Tick Creek enters the installation in the southwest and drains southeast from the general area of a san.itary 1 andfi 11 that currently has a 1 eachate (of unknown composition) problem .. In the northwest, 'Furst Creek receives drainage from the vicinity of the McComish Gorge landfill and an old open burning pit via Culpepper. Branch and drains west off the installation. 

2. Biota 

a. General. The approximately 63,OOO-acre N~4SC Crane occupies . the northern third of Martin County, Indiana. with small I?xtensions into adjacent Greene, Daviess, and Lawrence counties. Indiana, with an area of 36,045 square miles, is one of the north central states and lies beb/een latitude 37°~O' and 4l050'N and between longitude 84°49' and 88°2'~~. The northern three-fifths of Indiaona was covered with the Hisconsin ice sheet and the so~thern two-fifths (including the the NWSC area) was slightly affected by glaciation. This unglaciated region is characterized by steep ridges separated by a dendritic drainage pattern. Initially, valleys are trench-like. but grade into flat alluvial floodplains. Summers are hot and 
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~lJllIid, and winters are mild. Snow cover is light and of short duration .. The 

frostfree period is more than 180 days. Soils are derived primarily from 

5~ndstone an~ ar.e of silt-loam texture. Generally~ they are acidic and low 

;n nutrients (Ulrich et al., 1946). The,average annual precipitation i·s 

.~out 39 inches. The average temperature is about 52 degrees with extremes 

;5 low as 20 degrees below zero and as hi gh as 100 degrees. The average 

~~~;ng season is about 120 'days near NWSC. 

b. Flora. When the Depot was established in 194], farming 

:eased. Currently, the lan.d for the most part is in varying stages·of 

forest succession. About three-fourths of the area has woody cover. a large 

;1art of which occupies land that was originally too steep for farming. Old 

fields, vestiges of past cultivation, occur on broader uplands and·.stream 

;ottoms. A considerable area is maintained as openings by mowing. The 

,~jor portion of this acreage consists of roadsi des, perimeter fi rebreaks, 

:a'tler 1 ;nes, water 1 ines, and earth.,:",covered storage magazines. Openin9s on 

':';J upland '!:lites contain al JlX)st rurp- stands of .... grasses (Andropogon spp) .with . 

)'tattered cl umps of invading woody plants sucb as persiinmon (Diospyros 

'/trginiana), sassafras (Sassafras. albidum), .and sumac (Rhus copallinum and 

;,. glabra) .. As soil moisture improves, forbs become more pre~alent. 

On wetter sites, river birch (Betula nigra), willow (Salix spp), 

~Jcamore (Platanus occidentalis), and cottonwood (Populus deltoides) are 

-:or.mon woody' invaders. The dominant species of the hiJlside communities 

!~ hi ckory (Carya spp), ·white and bl ack oak (Quercus s.pp), red mapl e . (Acer . 

rJ:,rum), sugar maple (A. saccharum), tulip poplar (Liriodendron tulipifera), 

'!.31i (Fraximus americana), and beech (Fagus grandifol.ia). About 2 percent of 

~ area is in scattered plantings of pines (Pinus spp). 

. 'Approx1mately 50,395 ac,'es of NWSC Crane are clac;c;.ified in the Central 

-:udwoods Forest of the United States. Commercial trees ·;nclude black 

~!inut, red and white oak, sugar maple, yellow poplar, white ash, beech, 

•. i :kory, and sycamore. When the Navy obta ined ti.tl e to the 1 ands, appro x

~tely one-half of the forested area was overcut, burned, pastured, con

:!ined undesirable spedes, or had little growing stock. Since the be

?inning of the Navy Forest Management Program in 1963, much of .the depleted 

: ~.'ld has been restored and many young healthy stands of timber can be 

'~~d on the installation (See Appendix B). 

An estimate 959,820 board feet of hardwood sawtimber have been 

::~'Jested during the last three years. The timber was sold by competitive 

~ r~ and returned nearly $67,000 to the Government. The timber was marked 

·~cer the direction of profess1onal foresters who prepared environrnentnl 

':::;)a:t a'ssessments to allow proper review of possible environmental problems . 

., T -1 r. f 



Timber stand improvement operations were conducted on 800 acres. Most\ of 
these operations were to remove unmerchan~able'; diseased, cull, or stunted 
trees left rematning after a timber harvest. Rem~val of these trees allows 
growing room for new trees and helps perpetuate a~oung healthy forest. ' 

,,- -------------._----_., ------
, ,Insect. al'!d , di ?~!i?~_ 'p'~qbJefT!s.~, ar:!LI)l,i no.!:' ,.an.~'-:t:~_e_!!I.~:l!J., prot~_cti on 1 ~_j:'~.r:=

nished by the young diversi fi ed forest being produced by present s i1 vi
cultural practi ces. Careful inspection of timber harvesti'ng operations 
he1 ps to keep logging damages to the resi dual stand to a mi nimum and 
reduces th~ common but costly insect and rot damages associated with 
logging. Crane natural resource personnel keep abreast of pot~ntial 
insect and disease problems by reviewing current reports and literature 
from Fp.np.ral. St.atoP.. and professional ~ourC'.P.~. 

The diversified and extremely interesting 'biological resourceS of this 
area owe their origin and character in part to the vqriety of habitats 
produced by present climate, soils, and topography .. The diversity of 
habitats is evident when one considers that with the possible exception of 

,marsh and agricultural habitats, Crane has an excellent interspersion of 
all other habitat types of the region. Crane's central position on the 
continent has also resulted in the, converging here of floral elements 
traceable to origins .in.,othet.direction. For a)isting of flora including 
tr'ee5 aml pl~nts see'~e~e~di~,_~_ ~r~u B·il.Jl iography references 1 Z and !JG,:' 

.The Bio';-o'gYSurvey Committee, lndi ana Academy of. Sciences, has prepared 
u list of'485 species of rare plants in Indiana. A county breakdown of 
these species may be obtained from the Department of Biology, University 
of Notre Dame. . , . 

Although a complete list of rare plant species,is not available for 
NWSC~ the following plants in need of conservation have b,een recorded'from . 
the base: 

Showy Orchis 
Lesser fringed Orchis 
Ginseng (This' species i.s dug for commercial sale). 
Nodding Trillium 
"Large White Trillium 
Yelluw Tr"illiulIl 
Sessi 1 e Trill; urn 
Twinleaf (Suspected as being present on NWSC (found nearby» 
Sullivantia Sul1vantii (Ohionis) 
Asplenium penvatifidum 
Asplenium trichomanes 
Vittaria lineata "herb-wagneri" 
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c. Fauna. The mobility of animals generally, except in some of 
the lower orders and specialized forms, tends to create wider distribution 
patterns and fewer specialized ecological limitations than is the case with 
the plant base upon which-animal life depends. Thus, there are few really 
distinctive zoological resources. However, the representation of the 
aboriginal fauna, with the exception of such major mammals- as black bear 
and rrountain lion, is surprisingly complete. There is- a great variety and 
abundance of bird and mammal life, and the prosepct for perpetuating and 
improving this situation is very good. 

White-tailed deer are abundant throughout the area .. It is interesting 
- to note that deer were exterminated from Indiana by 1900, due to unrestricted 
hunting and the clearing of ,the land for farming. Crane1s present herd of 
3,000 to 4,000 deer has grown from a s.tock1ng of 12 deer in 1942 by the 
Indiana Department of Natural Resources. A controlled hunt is held annually 
to help maintain a healthy herd. 

Another. animal that had to be reintroduced to Indian.a is the beaver. 
While sightings of beaver are rare, the many dams and -lodges constructed by 
beaver ~re easy to find. Several of the beaver--dams provide \..rater for._ the 
only natural resident duck, 'the. wood duck, on the installation. ' 

Small mammals such as opossums, raccons, cottontail rabbits. and red 
and gray foxes can be seen frequently. Carnivores that are seen less 

. frequently include the long-tailed weasel, striped skunk, mink, and coyote. 

- . Larger rodents which are commonly seen are the muskrat, woodchuck,* 
gray squirrel, fox squirrel, and eastern chipmunk. Woodchucks are especially 
abundant and conspicuous along roadsides and on storage magazines~ One 
rodent that is rarely seen, since it is almost entirely nocturnal ~ is the 
flyi n9 squ; rrel . ' . , 

Lying along the Mississippi Valley flyway of wat~rfowl and shore 
birds, the installation receives seasonal influxes of'numerous species in 
these categories. In the inlet on Lake Greenwood between the Commissioned 
Officers Mess and the Housing Area, a resident free-flying'flc>tk of Canada 
geese and mallard ducks is maintained. The nucleus of this flock was re
leased in 1974. Outing the winter months, a bubbler system maintains open 
ice-free \oJater and food;s provided for the birds. It is not unusual to see 
over 500 birds in this inlet during extremely cold weather. Other migrating 

_ waterfowl which have been seen include the ringnecked ducks, lesser scaups, 
hooded mergansers, black ducks, redheads, common merganSe~s, bufflehead, and 
common loons. 

*Of'ten referred to as a groundhog. 
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Game' bi rds at the installation i ncl ude wil d turkey, r'uffed grouse, 
bobwhite quail, and woodcock. The wild turkey wa~ reintroduced to the 
installation in"1974 and many sightings of this noble bird have since been 
made. Restocking efforts have also been successful with the ruffed grouse 
and several makes are heard each spring .when they "drum" the air with 
rapidly beating wings in an attempt to attract a.female. 

Raptors that. rest on the installation include the red-tailed hawk, 
redshouldered hawk, broad-winged hawk,. sparrow hawk, Cooper's hawk, sharp-

'shinned hawk, great horned owl, barred owl, screech owl, and turke.y vulture. 
Frolll 50 tu 100 turkey vultures 'live on the installation from late February 
through November. The hills and valleys provide good physical conditions 
for thermal updrafts in which the turkey vultures enjoy soaring in lazy 
circles. 

Fall and winter raptorial visitors to the installation include the 
roughlegged hawk, marsh hawk, short-eared owl, long-eared owl, 'saw-whet 
o'f{l, 'bald eagle, and golden eagle. This is probably the only place in 'the 
state where two speci es of eagl es can be seen with any regul arity. The 
primary foods of hawks ann owls are the sma1l .... ·animals.of the woods, ~fieids, 
and roadsides; and where cover ;'5 sufficient, these predators have only Q 

minor impact· on popul ations of game animal s. These raptors are all pro-
, tected by state and' federal 1 aws. 

Many other species'of birds can' be found.on the installation. The 
follo\'1ing checklist is by no means complete; however, it does give a 

'good 'indicatton of the types of birds present: 

Arne ri can coot 
Rock dove 
COrmlon flicker 
Yellow-bellied sapsucker 
All/p. jay 
Tufted Titmouse 
Red-breasted nuthatch 
Mocki ngbi rd 
Gol den-crowned ki ngl et ' 
House sparrow , 
Rufous~s;ded towhee 
Fiel d sparrow 
Red-winged blackbird 
Song sparrow 
Yellow-breasted chat 

Ki 11 deer 
Mourn; n9 dove 
Hai ry ,woodpecker 
Downy woodpecker 
Common crow 
Brown creeper 
Winter wren 
ATTErican rober 
Ceder waxwing 
Cardinal 
Da rk-eyed junco 
Whi p-poor-wi 11 
Swamp sparrow 
Great blue heron 
Common grackle 
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Herri ng gull 
Belted kingfisher 
Red~bellied woodpecker 
Horned lark 
Carol'irld chickadee 
White..;,breasted nuthatch 
Carolina wren 
~astern bluebird 
Starling 
American goldfinch 
Tree ,sparrow 
Purple martin 
White-throated sparrow 
Ruby-throated 
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. There- is a good variety of land reptile life including the box turtie, 
several lizards, and a number of species of sna~es. Poisonous land snakes 
are represented by copperheads and rattlesnakes. Nonpoisonous land and 
water snakes are fairly. common. 

Quite a few species of frods nnrl salamanders inhabit the installation. 
Bullfrogs can be heard nightly during the summer months. Toads.are comrron 

. and several speci-es of water turtles are present. 

The aquati c 1 i fe of the lakes, ponds ~ and streams is i nteresti ng. . Many 
invertebrate for!J1S occur. Crayfish are abundant and fresh\'1ater .mussels can 
be found in some locations. fish life is represented by the following 
speci es: 

Golden shiner 
Redear ~u/lfish . 
Channel catfi sh. 
Spotted sucker 
Carp 

. Bl ack crappi e 

. 3. Geology 

Yellow perch 
Wa fmo uth .' 
Largerrouth ·bass 

·White bass 
Brown bullh~ad 

Bluegill sunfish 
Walleye pi ke _. 
White crappie" 
Yellow bull head 
Longear sunfish 

·a. Ph*siographY and Topography. The NWSC lies in· the Hitcheil 
Plain section of t e Interior Low Plateau Province. The topography con
sists of flat to gently undulating surfaces dissected by numerous drajnage
ways, with ranges in elevation from 470 to 860 feet above mean sea level 
(msl). Bounding .inclines along the stre~ms have slopes that appro~ch 20 
degrees and r-i~e up :to 150 feet o.~ove the valley floor. The boundin!) 
inclines of the smaller drainageways are V-shaped while the larger drainage
ways occupy floodplains up to 2000 feet wide. 

b. Subsurface Geology. The NVISC is underlain by geologic rock 
formations of lower Pennsylvanian and upper Mississippian age. Figure I-8 
indicates the areal distribution of three units with unit 1 representing 
the Raccoon Creek group (Pennsylvanian) and units 2 and 3 representing the 
Stephensport group (Mississippian). The Illinoian glacial drift overlies the 
rocks in the northwest sector of the installation; however, this unit is not 
mapped in Fi gure I -8. . 
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Character; stics of the three mapped units are very simil ar and consist 
of gray to tan, .fine to coarse-grained sandstone and limestone interbedded 
with seams of dark gray shale, clay, and,light gray siltstone and mudstone. 
The total thickness fa the three units ranges between 350 and 475 feet. 

c. Soils. From the boring logs, the major soil type is a 2- to 3-
inch-thick surface layer of brown to tan organic clay loam underlain 
by clay intermixed with silts. and sand. The United States Departw~nt of 
Agriculture identifies three-fourths of Martin County (which includes the 
NWSC) as the Zanesville and Muskingum soil series. These series are 
identified as a dark brown organic silt loam at the surface, underlain by· 
48 inc:hes of mottled tan. gray. and yell ow cl ay with varying percentages of 
sand and silt. ,Occasionally, a clay hardpan occurs between'25 and 32 inches 
below the surface. . 

Subsurface exploration at the sanitary 1 andfill incl uded observation 
wells, auger, qnd splitspoon borings.· Data from seven observation wells 
indicate that clay occurs from the surface to a maximum depth of 19, feet. 
Sand rock·, assumed to be sandstone, is at depths between 5 and 19 feet. 
Data from 15. auger holes show clay to sandy clay down to a maximum depth 
of·10.5 feet with the top of sandstone ranging from 4.5 feet to just b~ond 
10.5 feel.. Data from sp11tspoon borings B50 tnrougll B52 provide a 'mo're 
detailed description of the soil above the sandstone that was reached at 
16.6 feet. The top 2 feet consist of dark brown soft inorganic silt grading 
to dark yellow in color and becoming s'anay down to approximately 3 to 5 feet. 
The next 2 feet are dark yellowish brown, dry, hard lean clay. This clay 
zone is absent in the ,data from boring 851. ' The reniai'nder of the overburden 
i~ a light brown. mottled gray hard silty sand with scattered ~andstone 
~~~. '. 

. Ten borings at the compactor site id~ntified 14 to 18 ·feet of'light . 
brown to yellow silt and sand with an occasional zone bf le·an clay overlying 
sandstone. Data from six auger holes show 8.5 to 10.5 feet of red, blue
gray clay over shale. 

One boring at Trinity Springs (some two miles east of the southeast 
'boundary in the floodplain of Indian.Creek) presented 13 feet of gray clay, 
72 feet of gray s11tY'clay, and 5 feet of brown silty; sandy clay. No rock 
was encountered in this hole. 

, The location of the above borings are_~hown in Figure 1-9 and the 
drilling logs are presented in A?pe~~j~,,~:_ 

1-24 



L 
I .. 

L 
L' . 
L' 
L 

......• _------_ ... _-_ .... _ .. -_. _ .... ' 

<lJll) TRINITY SPRINGS' 



'" re 
r 

,.( 

"r' 

l,· 
~~. 

1 ' 
l • .-

I· , 

L 
L, 
L 

I 
I 
I 

L 

II. CONTAMI~ATION ASSESSMENT 

A. Industrial Operations 

The major source of industrial contaminati~n at NWSC is from con
taminated wastewater from the filling and demilitarization operations. Much 
of the present and practically all past (prior to 1970,ls ) operations dis
charged contaminated wastewaters directly into the nearby ditches and streams 

'or into sump pits or settling ponds that overflow directly into the streams. 
Most af the contaminants 'identified are explosives or explosive related 
chemicals carried by the wa~tewate'r into the nearby dit'ches and streams. 
These contaminants, include,d' RDX, tetryl, 'ComP9sition A, 8&D, TNT, HMX, 
aluminum, lead chromate and alkaline nitrates. Each 1nd,ustridl area is 
discussed below. 

, Large quantities of ammuni~ion have been loaded anp demilitarized at 
~MSC in the past (see Appendix G). These figures show that large quan~ 
titi'esof explosives have'bee'n""haridled at NWSC. Ol;le to the manner in 
which wastewater has be,en handled, a high potential exists in the, 
industri~l areas for contamination of nearby ground~, ditches, and streams 
with explosives and associated chemicals. 

, ? 'r. Rockeye/3-Inch E~pl osive Loading Area 

This area is located in the northeastern portion of the 
installation and is presently a cast loading line for the Rockeye Rocket. 

,Figure II-l is an aerial view of the' complex. ,Records indicate that many 
thousands of 3-inch munitions were filled in this are'a during WW'II, and the 
Korean and Vietnam confhcts. At present, TNT is the, principal contaminant 
in the area; howev.er-, records indi cate that 1 arge quantities of RDX. HBX, 
and Composition B muniti ons w,ere handled in the area. The primary cause of 
contamination in this area is' a result of wastewater discharge and run-off 
from the filling operationw Wastewater from the tray and bomblet washing 
areas runs into sumps. The drills used in this operation are water-cooled 
with recirculating WQter and the slush is gathered daily and also placed 
into the sumps. The sumps are periodica11y pumped and the residue is sent 
to the burning ground for disposal. It should be noted that once the s~mps 
are filled. the excess wastewatp-r'drains directly into the drainageways, and~ 
(depending upon which' side of the complex the sump pits, are located) even- -
tually to Sulphur or Boggs Creeks water beds. 

All explosives spilled on the floor are coi1ected and sent to the burning 
ground for disposal while the cleaning water from the floors runs directly 
into the sumps. All of these factors contri,bute to the contamination of the 
drainageways leading from this complex. The new milcon project to control' 
this contamination is scheduled for operation in January 1978 and should 
greatly reduce furture contamination. 
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F.IGURE /1-1 ROCKEYE MANUFACTURING AREA N"WRr., CRANE, INDIANA (ARROW INDICAT£:S POINT OF DISCHARGE OF RED WATER 'THROUGH FENCE AROUND ROCK EYE AREA) 

FIGURE 11-2 RED WATER. DISCHARG[ POINT AT FENCE SURROUNDING 
THE ROCKEYE AREA 
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FIr,I.IRF /1:""4 RED WATER 200 YARDS DOWNSTREAM FROM ,ROCKFYE FE~CE 
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Red watel~, indicative of TNT contamination, was observed by team 
IIICIIIU!:!T"S' 'irl Llle surface water- ur'd';ndye diLc.:lles 011 the northeestern side of 
the complex. This wastewater drainageway was followed by team members and 
red water was observed where the stream enters Sul~hur Creek approximately 
2 1/2 to 3 miles from its source. Although no water sampling and analysis 
of Sulphur Creek could be found in the records, concentrations of 150 to 200 
parts per million (ppm) of TNT were reported in water samples taken in the 
drainageways near the 'complex~ The vivid red color of the water shown in 
Figures lI-2 through II~6 indicates a significantly high concentration of 
TNT in the stream even at the point of entering Sulphur Creek. It would be 
expecte,d that this situation would become more critical as the workload' 
increases and additional shifts are added. This complex presently employs 
a single shift of approximately 100 employees; however, as many as three 
full shifts have been employed in the past during peak times of national 
emergenci es. 

2. 40-Millimeter, Loading Complex 

The 40-Millimeter (mm) Loading CO'mplex is located at map 
coordinates Q-3l (Figure II-7)*. All reported loading 'and demilitarization 
operetions are confined to Duildirig 146. This,complex has been ~sed for 
cast loading munitions with TNT, 'RDX, ,and HBX explosives along with the 
demil itarization of such ammunition as: \ 20mm, 30 and 50 cal mun.iti ons, 
shotgun shells, fuzes, detonators, boosters, tracers, flares~ and various 
types of smoke munitions. 

The major contamination in this area is from the dainilitari'zation of 5-
inch munitions filled with Composition A. ,One interviewee r.eported that 
numerous ArmY ammunition and rockets were demilitarized in this complex 
during the mid~fifties; this demilitarization was said to be a steamout 
procedure of TNT and Composition B filled ,items., the present demi,litariza
tion activity is reported to be intermitte'nt in nature with overall total 
of approximately 300 projectiles being washed out over the last 2 to 3 
years. At present, 5-inch munitions loaded with Composition A are being 
washed out with 9,000 to 10,000 psi water after 5 pounds of material is con
tour drilled out and sold. The remaining material (3 to 31/2 pounds per 
round) is washed out; nto a hopper and tak~n to the burn; n9 gro.und for des':" 
truction. The, water is filtered and sen~ to the sumps where it is cooled and 
recycled. This recycling system has been in use for the last 2 to 3 -years;" " 
however, prior to this, all water went directly' into the sewer 'that drained 
into the Boggs Creek watershe,d. The extensi ve pri or use of this camp 1 ex has 
contaminated the area with explosives 'especially from the steam demilitariza
tion facility and with residual contamination from theaemilitarization 
furnaces. 

*All map, coordinates will be identified on Figure II-7. 
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3. Booster Area 

, .The Booster Area 1s located at map: coordinates W-26. This 
comp.lex is presently used .to load initiating devie;es with tetryl, lead 
azide, and'lead stephnate; however, in the past, large quantities of booster 
devices were loaded with TNT and tetryl. Each building in the area has a 
sump and all screening and rinse waters go to the sump. All sumps are 
treated to neutral ize th~ materials and any overflow of the sumps enters 
into an earthen dammed holding basin. The operation is well controlled 
and little contamination is permitted due to the sensitive nature of the 
explosives. No contaminated material enters the sewer from th~ assembly 
roolT5. and all coll ections are sp-nt tn the burning ground and destroyed. 

.4. Mi ne Fi 11 i ng Area A 

Mine Filling'Area A is located' at map coordinates E-24 and is 
a cast loading area (Figure II-B). ,This area has been extensively used in 
the past, with TNT and Rbx as the most significant contaminants from past 
operations. The major sources of past contamination were from the wastewater 
disposal and the exhaust ventilation systems. Explosive contamination through 
the exhaust ventilation systeJII lidS been mea.sul"edat approximate'IY-"4U',OOO 
pounds per, year. 1n diScussions of the procedure with employees', it was " 
reported that during peak filling periods, the roof .of the building near the 
exhaust ventilation system had to be hosed down to prevent the buildup uf 
explosive material on the roof. ' This materi~l was washed off the roof onto 
the sur'rounding ground and into the ditches that lead into Turkey Creek and 
eventuallY into Boggs Creek which drains off the installation. In addit5on, 
the hot water-steam demilitarization facility at Building 160 also con
tributed to ,the explosive wastewater contamination .. It was reported that 

'120mm rounds loaded with Composition'B were stearred out in Building 160 as 
recently as 6.months ago. This operation was used bncast loaded explosives 
such as Composition B, TNT, HBX, tritonal, etc, but not on the highly 

, sol ub.l e expl osi ves such as amatol and ammoni urn pi crate. Most of the ex
plos1ves reclaimed by this operation were reported to have been ~old or 
sent to the burning ground; however, some of the TNT was reported to have 
been reused. This area has new pollution cOntrol equipment installed for 
both the wastewater and ttl!:! exhaust vent1l at10n system, but the plant· 
has not been operated since its installation. 

5. ~1ine Filling Area B 

This area is similar to Mine Filling Area A except that it 
has larger kettles. Explosives loaded in this area within the last 10 to 
12 years included Composition B, H6, and tritonal. The line was operated at 
full production during the 1967 through 1973 time frames; however, it 'has 
not been in operation since that time. The Fill Une was built during thE' 
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W~II II era and large quantities of TNT and possibly some Compesition B 
explosives were reported loaded during that tfme frame. It was also reported 
'that spin stabilized r-ocket ItE:!Cld!:i were loaded in this area during the latter : 
part of WW I I. 'Our; ng the Korean War, the area wa's used to load MK53 and 

MK54 aerial depth bombs with TNT and HBX: Also, it was reported that during' 
the, 1950's this area was used to load large quantities of depth charges 

• 
of the ash can type with TNT and.to load MK25 and MK39 mine casings with 

. HBX. 

'" Minol was reported to have been loaded into some rounds during the 
., V;,etnam period. It was also reported that H6 was loaded into 250, 

500, 1000, and 2000 pound bombs during thp. 1958-1960 time frame. In 
addition, Building 160 was repo,rted to have been used for downloading, 

" washout/steam out of bombs .and mines from 120mm up to 1000 pounds in size. 
.~~ •.. , 
,,',' There were reports that 1 arge quantities of TNT, Composi.tion 8, HBX-l. 
HBX~3, and H6 were treated in the sumps in this area. In addition, 
explosive contamination through the exhaust ventilation system similar 
to the Mi·ne Fill Area A was als.o reported. This was estimated to be 40,000 
pounds of explosive per year when in full operation. 

. '~~:' . '. Operations over the last lOla 30 years perm1tted the ,exoess water from 
the sumps to flow di rectly into the ditches that eventually flowed into the 
Boggs Greek watershed. Thus, the entire ground area and particularly the 

, ditches leading from'Mine Fill Area B are considered heavily contaminated 
, with.explosives as a result of these extensive past operations (See Figure 
,. II-9). 
. ':.~~'}~ . 

.... :. .. ~ .. 6 . Loading and Filling Area 
l~' . 

. :",~ , 

•. ',,!. ·The Loading and Filling .. Area is located at map coord'inates 
EE-17, Figure II-10. This area was built in 1942 and 1943 and has been in 
use since that time. Large quantities of ammunition were loaded in this 
area. Contamination from past o~erations wo~ld pt:0bably b,e ,from explo~ives 

,such dS Composition A and Exploslve D (ammomum plcrate), and from varlOUS 
':acids and caustic materials used in the area. The most contaminated area ., 
;would be around Building 104 where most of the past loading and washout was 
. conducted. The txplosive D is highly !:ioluble in water, and over the yea'rs 
.large 'quantities have been discharged into the nearby stream' that· leads into 

, Boggs Creek. The Explosive 0 ;s washed out with hot water until saturated, 
: . then sent to hol di ng tanks to cool. The expl os ive is crystal i zed out, 
, collected, and sent to the burning ground. The water is then reheated and 

,recycled. This.process continues, for approximately 1 week; then the water 
;':is sent to the sumP pits and the system is recharged with a new supply of 
fresh water. It is estimated that 20,000,000 pounds of Explosive 0 and 
10,000,000 pounds of Composition A have been processed ~hrough this area 
since its start. Practically all the Composition A operation has been a 
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loading process while the Composition 0 operation is estimated to have been' 
75 percent loading and the remaining 25 percent demilitarization. 

One other co'ntamination spot of concern in th£;O Loading and Filling Area 
is in the vicinity 'of old Building 225. A fire destroyed this building 
and its contents on 13 July 1976. This building was reportedly used for 
storage of large quantities of paints, solvents, dyes, inks, wood preserva
ti ves. etc. Over 600 ~OOO gallons of water were estimated to have been 
pumped on to the.blaze and pollutants were reportedly found in downstream 
samples of wa~er. Detail s of ti:Jis fire and subsegl!e~t .activ~.ties_ are in 
the "Green Water ll Report dated 20 September 1976 (See Appendlx F). 
Bui 1 di n9 225 has si nee been razed andthc area reportcdly C1 eane=d; however, 
as a result of the large quantity of chemicalS stpred in the bui1ding,.it 
would be expected that ~e .general area,in and around where Building 225 
stood would continue to have residue from the building contents. The ~urf~cp. 
water in this area drains to the west and into the Furst Creek watershed. 
Reports have been made of small amounts of dye 1eaching from the nearby 

. railroad bed during periods of heavy rains, but no toxic results could be 
i dent i fi ed. . . 

. I 

7. Pyrotechnic,Area 

The Pyrotechnic Area is located at ·.map coordinates U-24. 
The buildings in. this area use sump pits in collecting waste and washdown 
wa ter. Red phosphorus is considered the mos t s'i gni fi cant contami nant in' 
the area. Other possible contaminants identified are chlorates, dyes,' 
ox; dizers, and fuel s for f1 ares and srroke munitions. All waste and wash 
watcr reportedly drains into the rC5pcctiv.c building sump 'pits which are 
periodically 'pumped out into tank trucks and'taken to the burning ground. 
All overflow of these sumps pits drains into' the Boggs Creek watershed .. ' 

.. Also within this area ·is a plating shop that utilizes heavy metals, 
.caustics, acids, and cyanides. Records of past operations indicate that a 
cyanide neutralization treatment facility has been uti1ized at least, 
the' last 12 years .. However, it is expected that significant heavy metal' 
contamination (zinc, cadmium) has been experienced from wastewater being 
discharged into an open ditch that drains into Boggs Creek. The acids and 
casutic wastes are mixe~ before sewer;ng and are reported to be neutralized; 
however, no tests or samples are made to'support this. 

With the pyrotechni c Area, there are al so two 01 d burning areas 
that were used many years ago. One is located behind Building'126; the 
other is located across Highway 5. Wastes from past activities. of many 
years ago could still be leaching into the P1ts from these areas; however~ 
neither burning area has been used. for over 6 years and contamination waul d 
not be expected to be significant. . 
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8. Old 16-Inch Loading and Demilitarization Area 

'This area is located at map coordtnates HH-13. These facili

ties have not been used for 16-inch loading and demilitarization for 12 to 

'15 years. When this facility was in operation, large quantities of Explosive 

o (ammonium picrate) were loaded and washed' out and heavy explosive con

tamination would be expected; howeve·r, due to the high solubility of Explosive 

0, there is little likelihood that extensive contamination of this material 

remai ns in the a"rea. These facil ities have since been converted to a 

pyrotechnic assembly area and little contamination would be expected.from 

the operat"iurl. . 

9. Building l~l, Clothing Change House Area 

Thls area is located at map coordinates JJJ-22. Many years 

ago, this building "\ias used as a chemical warfare agent decontamination 

building, but has not been used as such for more than 12 to 15 years. The 

EOn Team is presently using this area for sawing bombs into sections, etc. 

There was a report that CW agents (probably mustard) were burned nearby; 

however. this could not be con~ir~d by any formal documentation or by ~ny
one intervi ewed at the install ation. Most of:/the det:ontamination equi p.:. 

ments (tanks, exhaust hoods, charcoal fi lters, etc.) haye been removed 

from the building and little hazard from past contamination would be expected_ 
. \" 

10. Transfer Depot - Building ~OO 
", ". 

This facility is" located at map coordinates FF .. 27. This is 

where the trucks used to transport bulk explosives to and from storage 

were cleaned. The trucks were backed· up to a pit and the truck beds were 

hosed down to remove any explosive contamination. Over the years, signif

icant amounts of explosives have been washed. into the pit and allowed to 

accumulate. No estimate of actual amount coul d be obtai ned during the 

records search; howl?vpr. due to the lar~e quantities moved in this· manner 
in the past, it would be expected that the amount of w~ste mater1al wuuld 

be significant. Portions of the explosives have probably leached out and 

into Turkey Creek which flows nearby. 

11. Laundry (Building 180) 

The Laundry is located at map coordinates T-22. This is an 

industrial laundry and. is used primarily to launder clothing worn by 

explosives and pyrotechni"c workers. The primary contaminant identified is 

phosphates .. This con"taminant ;s a result of applying fire retardant to the 

clothing in the laundering process. Other contaminants identified are 
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detergents, ammonia, explosives, and solid matter. Prior to 1973, the 
wastewater from this operation was directly discharged into,an open ditch 
thi\t. cfrCl.;nc:; intQ Roggs r.rP.p.k_ This rrncpdul"P w;,c:; .in operation from thp. 
early WW II era to 1973; si nce 1973, the, wastewater has washed into the 
sanitary sewage system. Th\,lS, this area is not considered to be. a seriously 
contaminated area. 

. 12. Small Arms Area 

The Small Artns Area is located at map cordi nates G-1B. This 
facility is mainly a packaging and preservation operation. It has a metal 
coating facility that uses caustics, phosphates, and acids; however, no 
5 i.yrl"if·icant I;ontamination was iuenUfied in the recur-u.s 5earc;h.·. 

B. Laboratori es 

. 1. Quality Evaluation Laboratory Complex 

This complex is located at map coordinates R-29. Building 
20.44 of this complex is probably the most 1 ikely buil ding to have caused 
contamination in the past. Located within this building is a laboratory 
(1 ab) complex that incl udes a 'chemi strv 1 ab, a.1Jh.vsi c lab, a microbial 09i cal 
lab, a metallurgy lab, an X-ray facility, a photographic lab, a model machine 
shop, and .a testing area for explosives. 

In' the past, the buil ding wastes were discharged into sept; c tanks 
and absorption fields. These areas were apparently overloaded, as seepage 
onto the ground surface was reported in documents reviewed by the team, . 
(Pullution Ct?ntrul Pruyram 1971).· PullutClnb identified Wf::!rE:! fOl"lualuehyue; 

. Elan, hydroquinone, sodium sulfate, .sodiUTil sulfite, borax, and bleach. The 
drainage from this area is into Turkey Creek which drains into Boggs Creek 
near the center of the install ation. The bui 1 ding wastes are presently 
connected to the sewer line. This action is considered to correct the 
on-going operation of the building; howe!ver,the past pollutants remain in 
the ab~orption fi~lrl_ 

2. Appl i ed Sci ence Department Compl ex (ASD) 

This complex is located at map coordinates GG-14. This area 
has been used primarily for research and development of pyrotechnics •. Past 
operations sent chemicals directly into the stream that flows into Boggs· 
Creek. Explosives and magnesium oxide are the heaviest pollutants in this 
area. In addition, it was reported that dyes, some of which are carcinogenic, 
and chemiEal. waste in s~pport of the research and development (R&D) 
1 aboratory have been discharged into the stream. Si-nce the quantities used 

_ Il ... J4 



! 

I, 

r 
~ 
I: 

" r'l' 

r: 
j", 
r 

L 

f ' 

L. 

for'R&D are much less than the quantities used in the nearby Loading and 

Filling Area (see paragraph II.A.6 above), it is concluded that this 

laboratory compl.~x is not d /IIajor contributor of P?llutants in the nrp.a. 

3. Naval Ammunition Production Engineering Center (NAPEC) 

This complex is located at map coordinates G~1B. 'This is a 

research and development (R&D) tenant activity responsible for providing 

engineering suppqrt for naval ammunition. This R&D group is an organiza

tional element of the Naval Sea Systems Command. The R&D effort includes 

producibi1ity studies, design roodifications, development of imporved pro-

'duction methods. 'processes' and 1 ine layouts, development of Techn; cal Data 

, Packages for porduction, preparation of qual ity acceptance procedures, 

production facilities and equipment design, and investigation and correction 

of malfunctions. Little contamination as a result of this R&D effort could 

be identified.' ' 

C. Field Test Ranges 

1. Pyrotechnic Test Range 

Th1 s tes t; area is locnted at map ~oordinates VV-1B. and Fi gure 

II~ll. Tests performed in the area are functional test;s on flares, S'igna1s, , 

and other marki ng devi ces . A drop test '.tov~er ; sal so located in the area, bl,lt 

should not be 'il major contributor'to contamination. Most of the contamination 

,would bea result of pyrotechnic testing. , Chlorates, dyes, oxidizers, fueis, 

and other by-products' of fl ares and smokes cou1 d be' in' the area; however, no 

tests have been mrlnp. to document contamination even though Boggs Creek flows 

through the middle of this test range. 

2. Range 2l67/Pyro Control Test Range 

This range'is located at map cQordinates CC-24. This range 

is used for quality assurance testing of pyrotechnic devices. Trees in . 

the area are dying; however, the reC15UII in uilkno\'in. It is believed to re,;. 

sult from the pesticide control program, but no data could be supplied 

to support this. L,eacLchromate contamination was also identified on the 

sUrface of the gruund and was reported to be a result of t.esting of the 

Mark 1-3' flare. It was reported that more than 100 of these flares have 

been tested to date'. 

3. Rocket Range 

This range is located at map coordinates KKK-lB. It was 

reported that 7.2, Rockets were tested at this range during the early to 

mid 1960's. These rockets were reportedly dummY loaded and'little h~zard 
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would be assoc;at~rl with them. Very little documentation of this test 

range was in the records; however, it was reported that a few rounds had .--

been found as a result of excavations at the range. This range has not I,. . 

been hp.avily usea in recent years and contaminatio'n is considered to be 

minimal. ' 

4. Conservation Dam (Facility No. 2845) 

This test area is located at map coordinates ZZ-lB near the 

intersection of Highways 161 and 30. This conservation pond was· reportedly 

used in the past for testing floating type pyrotechnics. No documentation 

could be found to support this; and as nearly as could be determined, only 

limited testing was performed. Little contaminaiton could be expected 

from past operations. 

5. Old Pyrotechnic Test Area 

This area is located at map coordinates S-26. Until about 6 

years ago, this area was heavily used to function test flares, firing 

devices, and smoke markers .. Contaminati on woul d be simi 1 ar to that at 

the Pyrotechnic Tes,t Ranges. No testing has been conducted at ,this site 

for approximately 6 years; however, there is a potential for pyrotechnic 

. by-products remaining in the area. Most likely, contaminants are chlorate 

dyes, oxi dizers, .and fuel s from the funct1 on1 n9 0 r f1 ares' nnd sr;noke' clevi ces . 

6. Lake Greenwsod 
, . 

This is an BOO-acre 1 akel ocated in the northwestern portion of 

the center. As many as four sites were re'ported as test sites for floating 

type lJI~kE:H'S and flares in the past (see Figurp TI-7). It was reported by 

interviews that the MK-25 and MK-72 were tested in this area during the 

1950 through 1960 time frame. Also, it was reported that mine location 

markers were tested on the lake'up to the 1968 through 1969 time frame. 

Little or no contamination is suspected as a result of these tests .. 

7. I.ake Oberlin 

. . This lake ;s located at map coordinates L-10. It was reported 

tnat this lake was used in the mid;...to-late 1950's ·for testing submarine 

floatation flares. No documentation could be found to confirm this 
report; however,.little contamination woutd be expected as a result of 

these tests. 

8. Rifle Range '~nd Old Ordnance Ground 

This range is located at map coordinates GG-24. Little 

documentation could be found on testing at this area; however, interviewees 
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did state that the area had been utilized for bomb cook-off testing. It 
was reported that black powder had been destroyed in this area over the past 
6 to 8 months. In addition, it was reported ~hat a nearby area on the jeep 
trail was used as a demol ition area pri or to 1946.·, contaminants in these 
areas would be from explosive residues and their by-products. Turkey Creek 
flows nearby this area; however, no evidence of contamination from this 
area could be'documented, therefore the extent of contamination cannot be 
determi ned. 

D. ' Burial S1 tes of Hazardous Materi al s 

A 'revi ew of avail able records and interviews with present and 
former employees indicate that biological materials have never been buried 
on NWSC. The records do. however. indicate the burial of chemic~l~ 
radiological, and ,explosive materials in the past. 

1. Burial Sites of Chemical and Radiological' Materials 

a. Chemical Burial Ground., The location of the chemical 
burial ground is at map coordinates FFF-29. DetailS of the buri,aJ p.lot are 
in P.W. Sketch 238 dated 2-24-72 (see Figure 11-12). It was rep6rted that 
several hundred pounds of mustard agent and several pounds of pyrotechnic 
mixtures containing radioactive, thorium were disposed of at this b.urial 
ground in the mid-1950's. 

The,radioactive thorium was, excavated and removed in May 1974 and 
the sunounding ~oil has been' certified free of raq; oacti vc contam; nation. 
The records indi-cate that the material was disposed of by the AEC at a 
1 icensed disposal point. During the excavation, one mustard site was 
excavated and three roun~s containing mustard agent were found; Dne round 
was complete while the other two has apparently been emptied and the con
tainers and other material thrown into the hole. The ArmY Technical, Escort 
Team at Edgewood Arsenal was called in and the rounds were sealed and 'stored. 
The records indicate that at least five additional sites are located within 
the confines of the burial ground '(Figure 1I-12); these sites are suspected 
of containing unknown amounts of mustard agent. As nearly as could be determined 
from the records and in interviews with present and former employees involved 
with the burial, the burial operations were also handled by Technical Escort 
personnel from Edgewood Arsenal. Rounds were taken to Building 600 ,,,here the 
good rounds were loaded and shipped to Ogden, Utah and the leaking con~~i~ers 
were taken to the burial ground, ,emptied into holes 12 feet deep and covered 
with a heavy lime slurry. The ,containers were then thrown into the holes and 
covered with soil. Since one round was in complete state when found d~ring 
the excavation in 1974, the possibility exists that other complete rounds could 
be in the remaining burial sites. 
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No record" r.oulrl hp. found on any wate'r analysis in thic; ;lrp';l. pither on 
surface or subsurface. However, because of the manner in which the agent 
was buried~ ther.e, is a good possibility that mustard agents or their by
products coul d be gettin'g ·into the surrol:lnding wat-ers via surface or sub
·surface. 

, ' , 

b. Burial of Pyrotechnic Dyes. This burial site is located 
in th~ Ordnance Burning Area at map coordinates AA-47. This site \lIas 
reportedly used from the 1940's until 1969 for the disposal of scrap. 
material. This material was dumped in~o open trenches. During interviews 
wittl several eruJ.lluyee!:i~ there were verbal reports of dyes overflowing from 
the pits during periods of rain. Some of these dyes are 'considered 
carcinogenic but no data could be found to support any contamination as a 
result of this operation. The pits were 'filled with soil in 1972; however, 
colored material seeps from this area at times of heavy r~ins. There is 
the possibility of contamination by these dye materials, but since no 
data is available, the extent·of contamination cannot be determined without 
further tests: 

2. auria1,Sites of Explosive Material 

a. McCamish Gorge. This gorge was reportedly used for 
disposal of construction and .odd type materials.' Documentation of what was 
-dumped into the gorge could not be found; however, during an interviewt one 
past employee reported that "all-kinds of material including possible' live 
rounds" were dumped into the gorge. The material identified by the past 
empluyee i nc1 uded tree stumps, concrete-f'lll ed pract', ce 7.2 pruJ ect il e 
warheads, and other materi'al not acceptable for landfill or ordnance b,urriing 
an.d demol ition areas. Contamination from this gorge is not considered to 
be serious; however, due to the lack of knowledge of exactly what was 
.dumped into the gorge, the gorge should be considered,as a p'ossible 
hazardous area., 

b. Ordnance Demolition Area. This area is located' at map 
'coo'rdinates GG-21. Although there is 1 ittle· 01 d documentation on quantit~es 
and types of munitions detonated. this facility has been used extensively 
for many years and is presently active approximately 4 months out of the 
year. During the active period. approximately 20 shots per day are fired 
and the limit per detonation is 500 pounds. Unexploded ordnance (UXO) was 
reportedly fou.nd within the range area. Also, it was reported that sometime 
during the 1950 1s, insulation contaminated with 'Exp10sive D was buried in 
the demolition area. No documentation on just where it was buried could be 
found. In addition, FS smoke mixture was reportedly disposed of by being 
included with the explosives. The major contamination in this area would 
probably be from .UXO'·s. ~/ater samples from Pond 333 which is located 
nearby and receives the area1s surface runoff has shown contamination from 
explosives. Figures 11-13 and 1I-14 are views of the demolition area . 
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E. StDrage of To xi c/Hazardolls Mntprin 1 

Large quantities of explosives, explosive loaded ordnance items, 
red phosphorous, pyrotechnic, and riot control agents are stored in more 
than 2300 ~torage magazines at NWSC. A listing of these materials is 
available :on computer. printout. There is little probability of major con
.tamination'from th,is. storage operation. There'are no toxic chemical 
'muniti-ons stored at }MSC, however, there are 2808 obsolete \~ar Gas Identi-
fication Sets on record being stored in several magazines. 

F. Sup~6rt Activities 

1. Water Supply 

. :::S.uf:fieienj:.,water is provided .by Lake Breenwood for all phases 
of operations q09 activ.ities of the NWSC. Although surface runoff from 
industri~l, areas and'storage areas empties into the lake, this runoff is 
not believed to be trans'porting contaminants. No groundwater data. 
associated. with the lake is available. , 

2. Waste Disposal 

, . The prilT!at-y and secondary trea'tment process of the sani tary 
sewage adheres to all .regulations pertaining 1:0 effluent treatment prior 
to discharging it into Boggs Creek-. Previously, three small sanitary -
~p.wilgP plant~ were it:l':the system but these plants are presently being .used
primarily as aerati.on basins and 1 itt stations associ ated with the main 

i"..: plant near Boggs Creek; . . : 

L 

l. 
L 
i 

fe' ~', ... 

i 
L 

Drainage from inq~strial operations is carried to the treatment plant 
or is discharged intq:~pen ditches. Red colored water leaving the eastern 
perimeter of the Roc-keye Pl ant is discharged into a tributary of Sul phur 
Creek which eventually leaves the installation. . 

Go Land Use Factors 

1. Pesticide/Herbicide Usage 

'A wide Yari .. ety of pesticides and herbicides is' used at the 
installation to control pests. Table II-l shows usage of pesticides and 
herbicides for the period 1 August 1976 through 31 August 1977. 
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J.AB~~_.II-I. Pesticide and Herbicide Usage 
(1 August 1976 Through 31 August 1977) 

TRADE NAME 

Carbaryl 

Malathion 
". 

Chlordane 

Pentaur 

Bendomyl 

Uyrene 

t-1e thy 1 B rami de 

Promethone/2,4,5-T 

Bromacil/Dinron/2.4.5-T 

MBC 

Bnomyl s 

Baygon 

FORM 

Suspension 

Emulsion 

Emulsion 

Sol uti on 

Suspension 

Suspension 

Liquid 

Emulsion 

Suspension 

Powder 

Suspension 

Emulsion 

AMOUNT USl:U 

5320 gall ons 

2 gallons 

139 gallons 

208 gall o'ns 

247 gall otis 

82 gallons 

72 pounds 

1815 gal.1ons 

644g. gallons 

2992 poun~ 

. 100 gall ons 

60 gallons 

f~ Diazinon Emulsion 17 gal lons 

f 

L 
L 
L 
L 
I 
( ".i ~~" 

Ours-ban 

Pyrethrum 

Pyrethrum 

2. Sanitary Landfills 

'Emulsion 

Aerosol 

Sol ution 

'25 gallons 

. 68 pounds 

25 gallons' 

Prior to 1971~ two landfill areas 1n the northwest sector were 

used for solid waste disposal. One was for lumber •. old trees, and rubble 

from constru'ction operations. The other was the depository for daily 

refuse which was burned. Both locations are inactive and are covered with 

soil. 
.~. 

. ~ .'" 
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Operation of the present landfill began 'in 1971, utilizing the trench 
method. As a trench 1s fllled w1th refuse)i L h compacted and then 
covered with impervious soil and seeded. Certain .areas have been designated 
as IIhot beds ll wh1ch contain. toxic or contaminated .waste. As waste is placed 
in these trenches, a neutralizing agent is added. before the placement of the 
soil cover. The quantity of contaminated waste placed in this area has been 
very small. 

Surface seepage has been detected from the landfill area. A drainage 
system (simi 1 ar to a storm drai nage systein, with manhol es J has been com
pleted to col1@.ct this seepage in a basin where the leachate can be 
analyzed. Monitoring wells haVe been placed around the perimeter of the 
landfill to monitor the subsurface in respect to leachate migration. 

H. Geological Migration Potential 

Present day technology and restraints placed on manufacturing 
processes uti.l izing contaminated agents have reduced the possiblity of 
contamination leaving a military installation either by surface or subsur
face means. Prior to these practices, it was like1y.that some· surface 
migrat10n of contam1nants rt:!tH,;ht:!u the boundary. and even n1igrLltec! .. ·beyond 
the boundary. The most susceptible area for contaminant migration was east 
of the Rockeye Plant where the red water was allowed to be discharged into 
natural dl-ainageways. The amount of res'i.pue that has settled out in pockets 
and slack water areas of the drainageways has not been determined nor has it 
been determined what effect flushing action'by.intense rainfall would have 
in moving the residue further dbwn~trp.am or' even dff the installation •. 

. . . . 
From the available subsurface soil data, the NWSC is. ·underlain by a' 

silty to sandy clay that ranges in thickness from a few inches to 26 feet. 
Because the soil thickness is determined by the topography, the valley 
bottoms of the larger creeks 'could contain clays in excess of the 26-foot 
depth. No permeability ~or ino9~anic silts and mixtures of sand, silt, 
and cl ay ranges from 10- to 10 cm/sec. These val ues repre::'t:!rl L moveme~t 
rates of 3 to 0.0003 feet per day, respectively. The lower range of 10-
em/sec is for a homogenous sand and silt that is found in the subsurface. 
The control 1 1 ng factor 1 n respect to n ui d movement is the presence of 

. clay zones tha~ would retard the movement considerably. 

I. Environmental Indicators 

1. Land Indi cators 

Plants along the streams near the Bomb and Mine Filling Area do 
not seem adverseiy affected by TNT spillage, but;n the immediate vicinity 
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of the plant, the around vegetation is strongly affected and is either 
depauperate or missing (with patches of bare g·round). The TNT spill age 
seems to be deep.; perhaps 1 to 3 feet of the top soi 1 is app·arently heavily 
contaminated. . 

2~ Waterways Indicators 

·Small streams in the immediate vicinity of the Bomb and Mine 
, Filling Area A a~e apparently contaminated to a great degree -by the 

explosive waste spillage. The streams and ditches show a pink color and 
although the larger aquatic flowering plant vegetation does not seem 
affected by the explosive wastes, the animal life (e.g., insects, snail!;, 
amphibians, fish) is not present, indicating very heavy pollution. 
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II I. FINDINGS 

A. Crane Army Ammunition Activity (CAAA) Lice.nse . 

A license, NF(R)-36943, was granted by NW5C to the Army, effective· 
1 October 1977 which authorizes the use by CAAA of a significant portion of 

. the facilities at NWSC, Crane. The license was required for the establish
ment of the CAM as Single t-ianager of conventional arrrnunition with as·signed 
responsibilites as set forth in DOD Directive 5160.65 of 26 November 1975. 
Facilities are to be utilized for the accomplishment of ArmY functions 
required fn the procurement, production,.storage, supply, demilitarization 
and maintenance/renovation of conventional ammunition. A copy of the sub-
je<.;t l"i<.;ense is included as Appendix r of this report. . 

B. Industrial and Production Operations 

1. ProductioFl areas of the installation potent·ially contaminated 
with waste from explosive and pyrotechnic operations include the 3-inch 
(Rockeye) and 40mnexpl os; ve loadi ng compl exes, the boo"ster area, mine . 
filling areas A and a, and the old l6-inch loading and demilitarization 
facility, see· Chapter IIA of report. Contaminants identified include TNT, 
RDX, tetr.vl, lead styphnate; Compos·ition A and-S, Explosive D. HMX, aluminum, 
alkaline nitrates, lead chromate, and other explosive/pyrotechnie:'·waste . 
products. . . 

2. Potentially contaminated wastewaters from manufacturing and 
demil itarization operations are dumped initially into sumps with the 
overflow gOing directly into open ditches. Prior to the recent installation 
of efficitm~ dust; collect.ors, considerable quantities of explosive powders 
were vented directly into the atmosphere. The soil in the vicinity of these 
sites is heavily contaminated and. vegetation in the area of the plaht is, 
either missing or in a state of stress (i.e., dying, stunted, .discoiored). 

c. Testing and Firing Ranges 

1. Extensive testing of explosive and pyrotechnic munitions has 
been conducted and fs beilig conducted at several locations on the. instal
lation. The principal ranges include three pyrotechnic ranges, a rocket 
range, a rifle range, an explosi ve demol ition area, a small arrris testing 
area, and an ordnance burning area. Types of munitions tested include 
small arms, 40mm grenades, pyrotechnic flares and smoke Signaling devices, 
.mortar, bomb and projectile anrnunition, and experimental devices. 
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2.' Unexploded ordnance (UXO) \'1ere reported at several of·the 

ranges and the demolition pits. UXO munitions include small pyro~echnic 
.devices, ~erial dispensed devices, mortar rounds, and other navaJ' 
artillery shells. At the'demolition area, explosive munitions are scat
tered as a result of'demilitarizatio~ operations. During the Tea~'s ground 
tour, UXO with parachutes were observed hangi ng from trees. ; ~ .. 

3. Lake Greem'loo.d, which is the source of drinking and p~oduction 
water at NWSC; was used from the early 1940's to the late 1960's:-'for the 
testing of floating pyrotechnic dev ices Incl ud1ng s1gnal i ng smokes" and 
flares. Four locations were identified at Lake Greenwood \'/here t~sting 
was conducted. ::I~ 

I • 
D. Disposal Op~rations 

. 1. Two landfills are presently active at the lnstallati9'~; they 
are the sanitary landfill and the McComish Gorge landfill. The sanitary 
landfill began operations in 1971, replacing the old open bu'rnin$,?'pit as 
a means of disposing of daily refuse. This lpndfill has a· leach,'ng problem 
dnd the 1nstallat1on is attempting to rectifY th'e problem by constructing 
a pond to hold the leachate. The McComish Gorge landfill is ,uti1Qzed for 
timbers and other large items not suitable for the main sanitary Qandfil1. 
Personnel interviewed by the Team indicated that a potential exiSts for 
both landfills to be contaminated by wastematerials. I: . . 

2. r.nnttlminnte.d waste from installation activitic!> i5 dilS'posed of 
by burial or burning at variqus locations on the i-nstallat'i6n. Di:sposal 
'areas include a chemical agent· burial ground (1947), an ordnance:1'buming area 
used since 1965, an old pyrotechnic b.urning pit used from the early 1940's to 

. 1970, and a pit where approximately 50,000 pounds of smo.ke dyes \,[e're buried 
1'n 1969. Some of these dyes (auramine hydrochloride, yellow dye}l·:·a·re re'ported 
to. be carci'nogenic in ·the lastest R.egister of To.xfc Chemical Substance pub-
1 ished by Nat10nal Inst1tute for Uccupational Safety and Health. A': 

3. The chemical agent burial ground is located in the solitheast 
quarter of the NWSC. Several hundred pounds of lIIustdrd agent an~-.;several 
po.unds of radioactive thorium were b~ried here in 1947. One of t~e mustard 
pits was excavate,d in 1974 and several bombs were found tq conta'iif.,l' 1 i ve 
mustard agent. The bombs were sealed by an Army Technical Esco.rt Team ~nd 
stored. To.tal number of pits isl not known and a project ;s being.i conducted 
by the installation' to determine if migratioh of mustard ag~nt i~ occurring. 

i The thorium was removed from the site in 1974 and shipped to. an Am (DOE) site 
:for storage. The site was ·then surveyed and certified free of radioactive 
contamination by the Materi·a1 and Safety Department of NHSC, Cran·e. 
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a. Necessary disposal of l':·:cess, obsolete, and dangerous ordnance 

i terns is accomplished by contr.ollcd open-air detonation. Itenls deto~lated 

include bombs, rockets, projectilcs, boosters, fuzes, and miscellaneous 

explosive articles of many kinds. 

h. This opc:ratiotl -js done at a speci.ally 'developed site, located ..' :( . , 
.-

.,. 
ahout: 2.5 miles in~ide the nC<lrc:.;t boundary, \..:'hich is the Hest side .of·· 

" 
NAn Cl:<lllP. Utilizing pits, bar.d.c"-h1c:s, and other blast-muffli.ng featUl:::'es,· 

the explosjves arc hatched into permissible quantities and detonated bv 

highly trai.ned s.pccialists. 

c. AtL:acllment (1) is a detai.led listing of all types anJ quantities 

of onlnance l!1atcri.:lls bUl'u(:d and detonated by NAD Crane du:ring calendar 

ye:n- 1977. . Approx-Lli1ntely !15'X. of these materi.als \,cre disp~ied of b)r Clpen-

.-d.r dcton'ltinn.· 

()'\ )O~)(l ~1C:J:l!f; ()r l:tlldi.1l South Ct'llLral Illtl:i.'llla. Topography \vithin tiH.~ 

Appr0~i- • 
Ill"i '·l',l. ~:t.;II·I.'~;, L.lkc Cl'l'CIHvLHl(!) 8(10 acres in size, is the SOnn~e Llf r";lt('r 



~;ld:in('.. Tn od.]i.tioll, IltlTllt:J:O\lS snI'lll pond:; and tr;10 flood t-mtcr control 

(Luns h;tv(! UN'Il built. Plant:;) in~;ects, reptiles, and ",lldlif:e of all' 

types typ-i.cal of Soutllcrn IndiaL1a are numerous on station. Eagles, otter;, 

and l)Qheats ~'Il:e the only rare Ol~ endnngcrcd species currently on station;, 

uithin the vicini.ty of Lhe ':lcU.cm;" nor are there any archeological or 

historic sites. 

c. Pollution <1!-:l?ccts: Disposal of these materials by open-air 

. 
detonation results in scattering scrap metals within the confines of the 

.. ' c:ontl:ollecr al"(~a, a pl'ohlem Hhich is ,easily solved by collection, salvage, 

• Clnd further dispos.:ll . 

(1) The dctonatio~ also results in several typ~s of b~th gas~~u9 

and p':'i1:'ticulate emi.sHions irlt() the atmosphere.. Elements released 'consist . 

m;tinl~T of nitrogen (N), oxygen (0), carbon (e), and hydrogen (n) •. Some 

matcrinls may have other toxic or damaging elements, stlch as lead (Pb) , 

mercury (I1g), magnesilun (Hg), sulfur (S» altuninum (Al), phosphorous (P), 

potas~.:itull (K» .:1l1c1 ~;il'ver (Ag). Quantities of these latter clements r~lnge. 
, 

fUl:71 r:nw.ll to non-existent) dcpl~ndillg 011 typo of item or material being 
• 110., 

deton:".tcd . 

.en The opentUon also results :in cOlu;idernble noise pol)ution, .. 

!~i.!ilcr<ttl~d hy tile ~;(~:t.!"ml.C and I;(nli.(; ('norgy releasc~d by the .detonation~ 

( •. 
~ 

f'ror:1 (lp(~n do I:onatio,) are \\1ltll~!-d 1.";1h10) they an~ current 1y cxelnpt frani st"ate 
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Mr. Tim Miller 

, 
DEPARTMENT .OF THE NAVY 

NAVAL WEAPONS SUPPORT CENTER 
CRANE, INDIANA 47522-5000 

Indiana Department of Environmental Management 
Solid and Hazardous Waste Management 
105 S. Meridian St. " 
Indianapolis, IN 46225-6015 

Dear Mr. Hiller, 

IN REP"'\' IIEFltIl TO. 

5090/HIO.O 
0924 

8 OCT 1987 

Enclosed for your review is the Interim Draft Report for the 
Geology and Hydrology Study being done at the Ammunition Burning 
Grounds. This report presents findings of work done prior to 
September 4, 1987. We are continuing with ·the study so the 
Interim report is subject to change with new findings. Any 
findings or data collected from work done after the 
aforementioned date will be presented in a Final Report which 
will be submitted at a later date. . 

NAVWPNSUPPCEN Crane point of contact is Mr. Jim Hunsicker, 
Code 0924, telephone 812-854-3114, zip code 47522~5009. 

J. D. FARIS 
'~"'n" c'er E· . r.,-. . 
.. 1' ... ::r-. . ngmeer!;'1:; l,1)V isjljr\ 
l'l'b·· .... "i\'O,·I- ~ D • J1I";; " .l.l\') ,~p2.r .. r .. ~.-:~~t . 
Py c,itr~ctjon or ';''': 
Cummanding 0'::::, ~::~. 

Encl: 
(l) Interim Draft Report k Drawings of Geology k Hydrology of the 

Ammunition Burning Grounds 

Copy to: 
Northern Division, Naval Facilities Engineering Command 

(Code 14) '. 
Naval Sea Systems Command (SEA-06Gl12E) (w/o encl) 
U.S. Environmental Protection Agency, Region V 

(Marty Hamper) 

. -- . ..:..::._.:...:: .. .:...;...:..="=='=-======='====. i 



Letter of Trans~ittal for Interi~ Draft Report: Geology and' 
Hydrology of the A~~unltion Burning Ground, Crane Naval Weapons 
Support Center. 

16 5ep 1987 

Fro~: USAEWES 6R-6S 
P.O. Box 631 
Vicksburc. Mississippi 39180-0631 

To: Mr. Ji~ Hunsicker 
Crane Naval Weapons Support Center 
Crane,. Indlana 47522-5009 
Code 0924, Bldg 2516 

Dear Jilll, 
Enclosed 15 the interi~ draft of Richard Hunt's report for 

the ABG. The draft is COMplete exce~t for well installation 
diagra~s and so~e of the discussion of cross sections. ~ichard is 
sending ~e the rest of the text and diagra~s soon bu~ we have 
enouQh now to sub~it the interiM draft. We will continue to review 
the draft internally at WES to prepare It for the final report, 
which will also contain conclusions and reco~~edation5. There are 
currently B figures included with the text and 20 oversize plates 
enclosed as bluelines. You ~lght want to have Richard ~ake you 
",ore copies of the plates froM his originals. We will obtain a 
cost/tillle esti~ate frolll our Reports section for preparation of the 
rinol report here at WES ond get back with you on that 1I00n. 

Look over the draft and if you have Questions, co~~ents or 
suggestion~ get back with us and we'll work the~ out. Thanks. 

R~ 1I./J7~ 
Ja~es H. May 
Chlef, Slte Char. Unit 
WESGR-G5 
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INTERIM DRAFT REPORT 
Geology and Hydrology of the.Ammunition Burning Ground, 

Crane. Naval Weapons Support Center 

I. INTRODUCTION 

Baokground. A ground water monitoring program was established in 1981 at the 

Ammunition Burning Grounds (ABG) treatment site at the Naval Weapons Support 

Center (NWSC), Crane, Indiana. The monitoring program was initiated to keep 

NWSC, Crane in complianoe with 40 CFR 265 Subpart F, whioh requires ground 

water monitoring by manageroof hazardous waste in surface impoundments and/or 

waste piles. Results of the monitoring program suggested the presence of 

ground-water contamination at the ABG. A baokground well was found to be con

taminated with explosive. Other wells showed evidenoe of oontamination as 

determined by statistical analyses of results of indioator parameters. 

Subsequently, after notifYing the State and Region V EnVironmental Protection 

Agenoy (EPA) of the findings, a Ground Water Assessment Plan was prepared 

(NWSC, 1986). This report presents .the results of a detailed hydrogeologio 

and geologiC study of the ABG oonduoted in 1986-87. 

Soope. The main objeotive of the study was to identifY and derine the !actors 

that influenoe and oontrol the flow of ground water into and out of the ABG. 

Onoe the contrOlling ractors bi:lve been identified the potentiel areas and 

routes of oontaminant migration oan.be olosely monitored and oompared with 

ground-water oonditions around the AB~. 

The soope of work inoluded the emplacing of several oontinuous oore 

borings whioh were fitted with well screens. During the drilling program the 

~ield data were evaluated and updated continuously. Geologic oross seotions 

were prepared and kept current with each additional boring. Field mapping, 
literature surveys, and interviews with personnel from the Indiana State 

Geologioal Survey were oonducted in conjunction with the drilling program. 

The location of each new boring was seleoted to offer the greatest information 

using the previous borings as a guide. The boring locations and time of 

drilling were planned so that the work would not interfere with the ongoing 

ABG aotivities. 

As the site inve~tigations progressed, the accumulating hydrogeologic 

data indicated a need to include the area surrounding the ABG as a general 

part of the overall study. Springs issuing both north and south of the ABG 

are hydraulically oonnected to ground water at the ABG. Several borings have 

been drilled to the north and south of ABG in order to trace pertinent 
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hydrogeologic relationships assooiated with the ground-water flow pattern at 

t~e ABO. A line of mOnitoring wells is ourrently being installed aoross the 

Little Sulphur Creek valley at the NWSC boundary as a part of the overall ABO 

ground.water/contamination investigation. 

Study Area Location.' The NWSC, Crane, is located in Southwest Indiana ap

proximately 75 miles southwest of Indianapolis and 71 miles northwest of' . 
Louisville, Kentucky (Figure 1). The NWSC occupies 62,463 acres or ap-

proximately 100 square miles of the northern portion of Martin County and 

small portions of neighboring Oreene, Daviess, and Lawrence Counties. Sur

rounding towna that are within 30 minute~ or leaa driving time from the NWSC 

ino1udeB1oomington, Bedford, Bloomfield, and Washington. 

The Ammunition Burning Grounds (ABO) study area lies in the eastern part 

of the NWSC (Figure 2). 

II. REGIONAL GEOLOGY AND HYDROLOGY 

Regional Geology. Indiana lies in the midwestern region of the United States 

where stresses within the earth's crust have been relatively mild throughout 

geologio time. The deformation, that has occurred has produced struotural 

arches and basins of 'regional proportions where the sedimentary rocks ,are 

gently tilted and faUlting, has been minimal. The major struotural provinoe~ 

of the region are shown in relationship to the state of indiana in Figure 3. 

The boundaries of the Geologic Provinces lying in the state of Indiana are 

shown in re1a,tionship to county locations and the general location of the NWSC 

in Figure 4. The Kankakee and Cinoinnati arohes join and extend diagonally 
across Indiana from the southeast to the northwest. The combined arohes form 

a struotural divide from whiqh sedimentary rocks dip northeast into the 

Michigan Basin and southwest into the Illinois Basin. The sedimentary rocks 

were deposited in cyclic seas that fluotuated across the region during a time 

span ranging between 2BO and 500 million years ago. Geologic time periods ex

tending from the Pennsylvanian through the cambrian in descending order by 

age, or nearly all of the Pa1eozoio Era, are represented in the sedimentary 

, sequenoe underlying the region. Total accumulations of the sedimentary rocks 
~ , 

range trom 3500 rt across the arche~ to in exoess of 13,000 ft n~ar the center 

of the Illinois Basin. Surface rocks are older and thinner across the arches 

and beoome progressively thioker and dAeper in the subsurface as the strata 

dip into the basins. Consequently, the surface rocks become progressively 

younger in a direction outward from the arches toward the basins. In Indiana, 
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,the youngest ~ed1mentnry rooks assoajated with the regional geologic struc

tural features are Pennsylvanian in age. The absence of younger strata im

plie3 ~hQt Indiana has remained above sea level for the past 280 million years 

or that younger strata have been subsequently removed by erosion. 

The NWSC lies in the eastern edge of the Illinois Basin Where the under

lying sedimentary rocks dip west-southwest at approximately 50 ft per mile. 

Tbe surface rocks underlying the NWSC are in the Lower Pennsylvanian an~ Upper 

Hlss1ssippian geologie time periods. A generalized stratigraphie oolumn at 

the NWSC is presented in Figure 5. Mississippian rocks of the Chester series 

are extensively exposed in the valley wall~ and hollows along the eastern por

tions of the NWSC and 1n the lower zones of deeper valleys toward the west; 

Pennsylvanian rOCkS or the Pott~ille series cap most of the hills and ridges 

along the eastern side of the NWSC and become the predominant surface rooks 

toward the west boundary of the NWSC. The stratigraphie units in the 

- Pottsville series consist of interfingered sandstones, shales, claystones, and 

clastic siltstones. with occasio~l, relatively thin interbeds of coal that 

were deposited in multlcyclic seas and swamps. The stratigraphiC units in the 

Ch'ester series consist of alternating and repetitive sequences of limestones, 

shales, and sandstones that were deposited in shallow seas. Several hundred 

feet of continuous limestone, Middle MissiSSippian in age, underlie the 

Chester rocks but remain-in the subsurface at the NWSC. The contaot between 

the Mississippian and the Pennsylvanian rocks is an unconformity where 

erosional processes extending over a long period' of time removed upper por

tions of the, Chester series prior to Pottsville deposition. Local, relief 

along the unconformity may be as much as 150 ft in some areas. 

~" No faults bave been mapped in the NWSC generai area~ The- Closest mapped 

maj~~ fault, known as the Mt. Carmel fault,'trendsNW-SE and passes ap

proXimately 20 miles east of the NWSC. 

Regional Physiography. Figure 6 presents the physiographiC divisions of the 

state of Indiana, the limits of Pleistocene glaciation and the location of the 

HWSC. The NWSC lies in an unglaciated area of the Crawford Upland, a rugged 

dissected plateau bound on the east by the Mitchell Plain and on the west by 

~ the Wabash Lowland. The Mitchell Plain 1s a low dissected limestone plateau 

characterized by sinkhole'topograptiy and other karst features. The boundary 

between the Crawford Upland and the M1tchell Plain is called the Chester Es

carpment, a highly irregular ea::Jt-fooing Questa escarpment. The escarpment 

trends northwest-southeast and passes just east of the NWSC. The face of the 

escarpment is somewhat obscured by elongated upland spurs and upland outliers 
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along with karst valley re-entrants that extend into the uplands for several 

miles. Numerous springs, cavern passages and caves occur along the escarpment 

and in the eastern part of the Crawford Upland. Some of these solution fea

tures are fo~nd in the eastern portion of the NWSC. The Crawford Upland 

grades into the.Wabash Lowland near the western NWSC boundary. Elevations on 

the Crawford Upland at the NWSC range from less than 500 ft msl to greater 

than 850 it msl. Relief on the upland varies from about 100 ft to 350 ft, 

with higher elevations and greater relief occurring generally in the eastern 

part of the NWSC. Surface drainage in the upland is to the south and 

southwest • 

. Regional Drainage. The surfaoe drainage along major streams in Indiana is 

ahown in Figure 7. With the exoeption of the extreme northeast corner of 

Indiana, all the surface drainage is to the southwest and south. 

Approximately two-thirds of the state drains into the Wabash River whioh in 

turn empties into the Ohio River. Surface drainage at the NWSC eventually 

fiows into the White River and thence to the Wabash to the southwest. The 

major drainage at· the NWSC is divided into five basins as shown in Figure 8. 
The ABG site is located in Basin I~I, near the headwaters of Little Sulphur 

Creek. 

Regional ground-water trends. Ground water in the unglaciated southwest por

tion of Indiana in general is contained in joint openings of l1mestone and 

sandstone aquifers. In the area of the Crawford uplands (Figure 6), the 

aquifer zones are more or less isolated from each other vertically by inter

layered shale beds which aot as aquicludes. Ground water enters the aquifer 
zones through outorops and ~lows by gravity down .the dip of the strata. 

Because the regional dip of the strata ·is to the southwest, the large scale 

flow pattern of ground water in each aquifer zone is also to the southwest. 
Locally, however, the regional ground water flow pattern may become more oOm

plex due to ohanges in hydrogeologic conditions. Looal variations in the 

stratigraphie dip, and inoisions into the aquifer zones by surface drainage 

oan produce anomalies in the regional ground water trends. Local folding and 

flattening of the strata that occurred during regional uplift have altered 

ground water flow patterns relative to local ohanges in dip of the strata. 

• 

• 

Numerous springs and seeps 1ssue from the aquifer zones in areas ot valley in

Cision, and looally oomplicate ground-water flow patterns. Ground water issu

ing from spring~ in higher aquifer zones beoomes surface water that has the 

potential for re-entering the ground water system of a lower aquifer exposed 

downstream. • WORKING DRAFT 
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Figure 7. The stream system in Indiana. 
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III, SUMMARY OF PREVIOUS HYDROGEOLOGIC STUDIES 

Past drilling programs at the ABG produced a large number of roller 

rock bit borings which were drilled with air. Consequently, the only samples 

available were as cuttings. Determining stratigraphic breaks and lithologic 

conditions based on drilling characteristics and cuttings at best was dif

ficult and somewhat of an educated guess. Well screens were set in each of 

the borings based on the first enoounter with water, but without reliable data 

to correlate the stratigraphically controlled ground water occurrences between 

bor1ng~, One of the main objeotiveA of the earlier studies was to aid in 

verifying and identifying any contaminants that might have entered the ground

water system at the ABG. The objective was accomplished and certain oon

taminants were found to be present in the ground water at several boring loca

tions. In fact, two of the supposed background wells, one located at the west 

end of the ABa, and the other at the northwest end, showed contamination. 

With this in mind, the line of complianoe at the east end of the ABG beoame, 
questionable, and the need for further investigations arose. AlSO, severa1 

borings located in the eastern zone of the ABG enoountered large cavities the 

presence of which has 1n1t1ated add1t10nal lnvestlgatlon~ to determine the 

relationship of the cavities to the ground-water flow system out of the ABa 
area. 

IY. ABG INVESTIGATIONS 

~eliminarv suryeys 
Prior to the start of drilling operations, literature and field surveys 

were conducted to establish background data on the geology of the area. The 
results of the pre-drilling surveys showed that the analysis of the stratig

raphy' presented in earlier reports on the ABG was in error. The stra,tigraphic 

units identified in earlier reports were out of sequence by one formation (too 

high) in descending order of occurrence. In ~ther words, the formation 

labeled Hardinsb~rg in earlier reports is actually the Big Clifty formation 

and the Golconda limestone is actually the Beech Creek Limestone (Figure 5). 

Boring 10g3 of two produoing water wells at the ABa, one installed in 

1941 and the other in 1968, were reviewed and discussed with personnel from 

the Indiana State Geological Survey. The aquifer supplying these wells was 

determined to be the Beaver Bend limestone. Drinking water at the ABG is sup

plied by one of these wells. The Bethel Formation 'underlies the Beaver Bend 
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and is relatively impervious. The boring logs indicated that the formations 

between the Beech Creek limestone and the Beaver Bend limestone contained 

thick, low permeability shale beds. The boring log data and the discussions 

with the State Survey indicate that these shale formations would serve as 

aquicludes to prevent ground-water interconneotion between the two limestone 

formations. Personnel trom the State Survey also advised that there was a 
. 

possibility of encountering sulfides in the ground water contained in the 

limestone below the Bethel formation. Based on the above data, it was deoided 

prior to the beginning of the drilling operations that the Beaver Bend would 

be the lowest ground-water zone of inveAtigation and that only a few widely 

spaced verifioation wells were neoessary in the Beaver Bend. 

Boring nrogram 

A total of 54 borings have been completed as part of the ABG subsurface 

investigations. A plan of borings at the ABG site is presented in Plate 2. 

Boring looations outside the ABG site are shown in Plat.e 12.' A',summary of 

boring data is presented in Table ~. The borings inolude 25 core borings, 
11 roller rook-bit borings, and 18 splitspoon soil samp~e borings. Monitoring 

well soreens were set in 42 of the borings. Twelve of the splitspoon borings 

were used to obtain s011 samples of the ABG valley till material and were 

backfilled after oompletion. The remaining six split-spoon sample borings are 

loeaLed along the HWSC boundary in Little Sulphur Creek alluvium. Well 

soreens were set at the base of the alluvium in these six borings. Three ad

ditional split-spoon borings are planned to complete the closure across Little 

Sulphur Creek Valley in this area. 

Well screens were set in all of the 25 core borings and 11 roller rock 
bit borings. Five (5) of the core borings extended through the Beaver Bend 

limestone and bottomed in the Bethel formation; twenty-nine of the oore and 

rock bit borings extended through the Beech Creek limestone and bottomed in 

the Elwren formation; seven of the borings extended through the Golconda/Haney 

limestone and bottom~d in the Big Clifty, Indian Spring shale member. 

The borings drilled with a roller rock bit were located near deeper 

borings in which core samples had been obtained and in which the stratigraphy 

had been established. Detailed field logs were made for eaoh of the oore· 

borings and are inoluded as Appendix A (not included in this draft). The well 

screens were set in each of the borings at depths determined by the aquifer to 

be ·investigated. Each well soreen was set in a separate boring with as many 

as three (3) wells looated within 5 ft of each other at a few of the boring 

"olusters.-

• 

• 



• 

• 

each boring log in Appendix A. The boring "cJUl'lters" correspond to the oore 
, . 

boring numbers, i.e., WES-3-Cl-86 through WES-3-C25-86. Where more tban one 

well screen is set at a partioular "oluster," there is a detailed well screen 

plaoement sheet inoluded at the baoks of the appropriate boring logs for eaoh 

of the wells set at eaoh of tbe multiple well sites. The well numbers at the 

multiple wel~ sites oorrespond to the following example: WES-3-C1-B6 (oore 

boring and deepest well screen); WES-3-C1P2-86 (roller rock bit boring and 

middle well soreen); WES-3-C1P3-B6 (roller rook bit boring and upper well 

screen). 

The first boring, WES-3-Cl-86 was 1nItially started with a ~x5-1/2-in. 

diamond core barrel, but required three separate set-ups and an HQ wireline 

oore barrel r1gging to complete. In the first set-up the oore barrel was hung 

and lost along with approximately 30 ft of drill stem at a depth of about 

70 ft. A new ~x5-1/2-in. oore barrel was used to continue ooring to a depth 

of approximately 1111 ft in a seoond set-up offset 5 ft from the first, before 

it was also lost. A third boring, offset an additional 5 ft, was finally oom-

.pleted to the required depth using an HQ wireline core barrel. The third 

boring is numbered WE8-3-Cl-86 and inoludes the well screen set in the lower 

aquifer. Sinoe the second boring had penetrated through the middle aquifer, a 

well screen was set in it, but the well includes the lost oore barrel at the 

bottom. The first boring was grouted to the surface. Theremainl~ oore 

borings throughout the 'drilling program were completed with theHQ wireline 

rigging. 

The deep oore boring, WE8-3-CB-86 was found to be plugged by grout (?) 

1n the rl~er pipe. A ~econd deep borins. WES-3-C8A-86, located approximately 

40 ft east of the original site, was drilled with a rock bit and a well screen 

was set as a replacement data point. The surfaoe evidence of WES-3-CB-B6 was 
destroyed and the well was grouted to the surface. 

Three additional oore borings with well soreen emplaoements are planned 

as part of the ABG ground-water studies. These core borings are in addition 

to the three splitspoon borings mentioned earlier that are to be located in, 

Little Sulphur Creek Valley alluvium. One of the core borings will be between 

existing borings WES-3-C5-86 and WES-3-C6-B6; one between WES-3-C7-86 and WES-

3-C13-86; and one is to be located farther north of WES-3-C9-B6, in lIne with 

Mt. Spring. 

Dr1111ng and Well InstallaL!on Procedure~. 

Drilling. Prior to the start of drilling and between set-ups at each of 'the 

boring sites thereafter, the drill rig and drilling tools were steam-oleaned 
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or in a few instances flushed with clean water. After set-up, the soil zones 

in each of the core borings were sampled with a 7-in. diameter folding auger 

down to refusal. If the depth was less tban 'approximately 11 ft (the depth 

needed to start coring with the HQ wireline core barrel) then a 2-ft long NX 

core barrel was used to sample to 11 ft. All the remaining core samples below 

11 ft were taken with the HQ wireline system with the exception of boring WES-

3-C1-86, as discussed earlier under the heading "Boring Program." The core 

samples were placed, in order of removal, into plywood boxes for future 

reference, and detailed geologic logs were prepared. 

The drill outtinge were removed by oi~oulatins olean wate~ in a steel 

mud pan sealed around the boring top. Most of the water used in drilling was 

obtained from a hydrant located in the heavy eQuipment shops area at the NWSC. 
At the beginning a small portion 'of the drilling water was obtained from the 

well located near the center of the ABG, which is supplied by the Beaver Bend 

aquifer. This well had been checked previously and is supposedly free of any 

contamination. Another well located near the ABO office shack is supplying 

drinking water from the same aquifer. 

During drilling operations the mud pan was cleaned and refilled with new 

water whenever conditions became necessary. In most bor1ngs the drill1ng 

water was lost 1n the more porous and jOinted aquifer zones. When water loss 

occurred, the mu~ pan was replen1shed with a continuoue flow of clean wotor. 

Where more than one aquifer zone was penetrated in a particular boring, the 

upper zone or zones were sealed off before advancing the boring deeper. PVC 

casing was grouted 3 to 5 ft into the relatively impervious shale beds that 

underlie each aQuifer and allowed to set, generally overnight. The procedure 
used in casing the higher aquifers was to set 6" diameter casing in the upper 

zone, followed by 4" diameter casing in the middle zone. The 4" casing was 
grouted up through the previously set 6" casing. Where there was no upper 

aquifer, the 6" casing was used to seal off surface soils. In all borings 

where drilling water had been lost in the aquifer zones, the water circulation 

returned after the casing was set. In most of the borings the circulation was 

again lost in the next lower aquifer zone. 

After completion of each boring a bailer was attached to the drill cable 

hoist and the drilling fluide were bailed out until the water beoame rela

tively clear. Usually the bailing operation lasted 1 to 2 hours using a 

2-1/2-1n. diameter, 10 it long bailer. In most borings the water flow into 

the boring Was adequate to maintain a r'egulated steady pace of bailing. In a 

few borings, the aquifer was tighter and there were slight delays in bailing 
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operations to allow the intlow ot additional water. After the bailing opera

tions, monitoring well screens and riser pipes were installed in each boring. 

~~~or~ vell Lasta11ation. A system of 2-in. diameter Teflon and PVC pipe 

was used to install the monitoring wells. The screens are all made from 

Teflon, having three vertical columns of horizontal slots .020-inch wide and 

spaced approximately 1/4-in. apart. The riser pipe oonsists of Teflon ex

tended upward to a point approximately 5 ft above the previously measured 

water level in each aquifer zone. The.upper portion of the riser pipe oon

sists of PVC extending from the Teflon oonnection to approximately 2.5 ft 

above the ground surfaoe. The bottoms of each well screen have non-slotted 

Teflon traps extending 1 ft below the screens. All screens in the middle and 

lower aquifer zones are 10 rt 1n length. ~reen~ in the upper aquifer are 

5 ft in length. The top of eaoh well has a vented PVC cap. The riser pipe is 

protected at the surface by outside 3-in. diameter steel pipes with lockable 

caps and are grouted 3-1/2 ft inSide the 4-in. and 6-10. diameter PVC surface 

eQoingo A typioal vell installation 1s shown graphically in Figure __ (not in

cluded in this draft). A, summary of all well installations is presented in 

Table __ (not included in this draft). In the first two or three wells, which 

were installed prior to the establishment of the above system of well place

ment, the PVC pipe, extends below the aquifer water level. 

Once the pipe system was installed in the boring, the screened sectlon 

and the total aquifer zone were packed with a siliceous coarse sand-pea gravel 

filter material. The filter material was poured in from the top slowly by 

hand and ,checked for depth periodically with a tape measure. The bottoms of 
all the screens were placed at or near the baDe ef the partioular aquifer 

being tested. The bottom of each boring extends 1 to 3 ft into the shale beds 

below the aquifer zones. The filter pack was brought up to the next higher 
shale zone in order to obtain a good seal above the aquifer. In the lower' 

aquifer the filter pack averages between 15 and 20 tt thiok. In the middle 

aquifer the filter pack averages about 60 ft thick. In the upper aquifer the 

filter pack averages 10 to 12 ft thick. A thickness ranging from 3 to 5 ft of 

bentonite pellets was poured in from the top to secure a seal above the filter 

paok in each well. The bentonite was allowed to set 30 minu~es to 1 hour for 

Swelling time, and the well ~as grouted to the surface above the bentonite. 

The grout consisted of a oement-bentonite mixture and was pumped in from the 

bottom through a 3/ij-in diameter pipe. 

VeIl development. Initially, the first 12-15 wells were developed by pumping 

oompre~sed air through a filtered hose system placed at the bottom of the 
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screen~, forcing water out at the riDer topa. The blowing operations were al

ternated with periods of surging in the screened intervals. Tbe surge tool 

aonsisted of an 18-in. long. 1-1/~-in. diameter stainless steel rod with rub

ber washers attached at each end. The washers were cut slightly smaller than 

the inside diameter of the well pipe. The surge tool was lowered into the 

well with 1/8-in. diameter stainless steel cable and pulled briskly up and 

down in the slotted zones to create a pumpinglpushing action. The processes 

were repeated for several hours in each well or until the water forced out at 

the top became relatively clear. The time involved usually required an entire 

day, espeCially in wells where the recovery rate was slower. 

As experience was gained over a period of time it became apparent that 

even tbOUgh tbe 1Dl1De f1lters were changed periodically, a certain amount of 

oil was escaping into the wells. The use of compressed air. for well develop

ment was terminated. 

The new procedure for developing the remaining wells was simply to bail 

out the water. alternating with periods of surging. The same stainless steel 

cable used for surging was used t9 lower and raise a 1-1/8-in. diameter, 5 ft 

long stainless steel bailer. In order to speed up operations and ease muscle 

strain, a frame was constructed on a small trailer in conjunction with a port

able wireline winch to run the tools in and out of the wells. The time for 

development was about· the same as when using air.. The wells were bailed until 

the water became clear. The developing tools were flushed with clean water 

between each well setup. 

Physiography and Geology of the ABO. 
Pbys1.ograpby. A topographic map that inoludos the t.ot.a.1 study area and shows 

the ABG site location is presented in Plate 1. The map was prepared .by con

neoting the Indian Springs and Williams. USGS 7-1/2 min. quadrangles and 

photOgraphically enlarging them to a scale of 1 in. = 1,000 ft. The topog

raphy of the study area is relatively rugged, consisting ofoa series of steep 

sided, narrow ridges and valleys. The topography is a product of erosional 

inCision into gently dipping strata of varying resistance. A major drainage 

divide extends southwest-northeast through the area and is followed by NWSC 

Road 161. East of the divide approximately 2/3 of the area drains to the 

south through Little Sulphur and Sulphur Creeks. West of the diVide tbe 

remaining portion of the area eventually drains into Turkey Cree~, which lies 

farther to the wes~. The entranoe valleys show strong ea3t-west, Douthwest, 

and southeast trends. The overall drainage pattern is a reflection of joints 

in the bedrock. Joints having strikes similar to the drainage trends were 
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~ea~ured at a number of outcrops. Elevations across the area range from about 

480 ft MSL in the lower drai~age valleys to a maximum of 8~5 ft MSL along the 

major drainAge divide. 
Tbe ABG site lies across the northern reaohes of the Little Sulphur 

Creek Valley. The site is. approximately 2,000 ft long by 500 ft wide with the 

long axis oriented east-west. A detailed topographic map of the ABG ~ite, 

with a contour interval of 1 ft, is presented in Plate 2. Elevations in the 

valley portion of the site range from 620 ft HSL at the western end to 580 ft 

MSL at the eastern end. Elevations on ridges bordering the site range from 

720 to 810 ft MBL. Surface drainage nows lnto tne slte trom tne west and 

northwest, and flows out of the site to the east.· At the east end of the site 
Little Sulpnur Creek turns south and continuos off the NWSC boundary, 1-1/2 

miles south of the ABG site. The Little Sulphur Creek eventually jOins Sul

phur Creek which in turn empties into Indian Creek, approximately 5-1/2 miles 

south of the ABG site. 
Geologv. 

Surface geology. The general distribution of surface rocks within the 

study area is shown on the geologic map presented in Plate 3. The geologic 
map was prepared as an overlay to the topographic map of Plate 1. Data to 

construct the geo10lgio map was obtained from "Preliminary Coal Map No. 11. 

Distribution, Structure, and Hined Areas of Colals in Hartin County, Indianan, 

by Harold C. Hutchinson. The outorop pattern on the geologio map refleots 

oontinuing headward erosion of drainage in the area, and is representative of 

the surface geomorphology. Younger Pennsylvaninan sediments of the Racooon 
CreeK Group cap the ridgos, and progroDDively· older Mississippian sediments of 

the Stephensport and West Baden Groups are exposed downward into· the valleys. 

The oontaot between the Pennsylvanian and Mississippian sediments is an unoon
forminty, marked by evidence of an extended period of surface erosion prior to 

Racooon Creek .deposition. 
Tbe area geologic map (Plate 3) inoludes structural contours on top of 

the Beech Creek limestone. The Beech Creek is the basal formation of the 

Stephensport Group and is used as a datum for stratigraphic oorrelations 

·~throtighout southwestern Indiana. The structure contours show that the 

regional dip of strata underlying the study area is to the south~est at ap

proximately 50 ft per mile. Where the Beeoh Creek has been removed by valley 

down outtlng, tbe struoture contours are shown dashed. The general oonfigura

tion of the Beeoh Creek structure contours was obtained from data available in 

Bulletin No. 12, Indiana Dept of Conservation, 1958, entitled "The Meramec-
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Cheater and Intra-Chester Boundaries and Associated Strata in Indiana",' by 

T.G. Perry and Ned M. Smith. The structure contours as shown in Plate 3 are 

modified from the original trends in Bulletin No. 12 from elevation data on 

the Beech Creek that were obtained from borings and outcrops during the ABG 

investigation. 

A lineament shown on the area geologic map (Plate 3) crosses through the 

approximate center of the ABG site in a northeast dir~ctlon. The lineament 

was transferred directly from the "Geological Lineament Map of the 10 x 20 

Vincennes Quadrangle, Indiana, Illinois." The Vincennes Lineament Map was 

prepared from remote imagery under contract tor the Ind1ana Geological Survey. 

Very few field checks were made for verification. The lineaments are believed 

to repre~ent joint5 or other fractures in the bedrook and 1n most oases they 

agree with mapped joint orientations. A brief survey of local panchromatic 

aerial photos did not reveal evidenoeof the lineament through the ABG, nor 

was there any apparent offset of the strata in borings located to either side 

of the lineament position. The significance of the lineament remains uncer

tain at this time. Interpretive data may be gained from additional borings 

that .are ourrently being drilled farther away on either side of the lineament. 

Ground-water data from borings to date do not indicate any hydrau1io connec-

tion along the proposed lineament between the vertically separated aquifers at I.·~"'··· 
the ABO site. 

A larger scale, detailed geologic map of the ABG site, constructed from 

boring data and outcrop examinations is presented as Plate 4. The site 

geologic map .(P1ate 4) defines the surface formations that underlie the 
gonoral aron o~ the ABa disposal aotivities. The Mansfield rormation of the 

Raccoon Creek Group occupies the higher elevations' at the ABG. In the order 

of increasing geologic.age. the Hardinsburg, Golconda/Haney, and the Big. 
Clifty formations of the Stephensport Group occupy the lower valley slopes and 

valley floor. The Hardinsburg and portions of the Golconda/Haney formations 

have been thinned by pre-Mansfield erosion at the Pennsylvanian-Mississippian 

unconformity. The Big Clifty formation is divided into two map units: the up

per Indian Springs shale member and the lower sandstone member. 

In the eastern area of the ABG, a number of borings, drilled during 

several previous study phases, encountered large cav1t1es 1n the contact zone . . 

between the Big Clifty sandstone and the underlying Beech Creek ~1mestone. 

The area of cavity development i~ shown crooo-hntohed on the site g8010g10 map 

(Plate 4). The geologic·development and hydrogeologic significance of the 

cavities are discussed later in this report. 
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The surfaoe rormation~ in the ABa valley floor ar.ea are oovered by a 

blanket of alluvial and colluvial soils ranging from less than 1 ft to ap

proxima~cly 15 £~ in th~okness. The soils predominantly oonsist of yellow

brown and tan firm silty to sandy clay, with occasional to numerous weathered 

sandstone fragments, cobbles and pebbles. No zones oonsidered to be permeable 

were encountered in the alluvial materials. Thin residual and colluvial silty 

olay, generally less than 5 ft thiok, covers large areas of the ABG valley 

slopes. These soils have oont1nual~y been reworked by dozers during main

tenance operations at the ABG (large areas of the valley floor have also been 

reworked). Windows of underlying rock are exposed at scattered locations 

around the valley slopes. 

Stratigraphy. The geologic format10ns enoountered b,y boring~ in the study 

area are described in the following paragraphs, in descending order of 

geologio age (youngest units first). 

a. Racooon Creek Group 

Mqnsfield formation. The Mansfield formation caps the hills and 

ridges in the study area and varies from 0 to 65 ft thick in the core borings. 

The formation consists of interfingered fine to medium grained, oross-bedded, 

friable, and oxidized sandstones; thinly bedded laminated shale and sandstone; 

thinly bedded to massive carbonaceous shale; massive claystone; clas~ic 

siltstone; and oooasionalthin seams of coal. The various beds tend to lense 

out rapidly in a lateral direction. 

b. Stephensport Group 

(1) Hardinsburg formation. The Hardinsburg is in contact with the 

Pennsylvanian-Mississ1pp1an unconformiLy and i~ mi3Ding or greatly thinned in 

many borings. The thickness varies from 0 to about 14 ft. The formation con

s1sts of olive to dark gray, thinly bedded, carbonaoeous shale. 

(2) GolcOnda/Haney formation. Several years ago the name for this 

formation was changed from the Golconda to the Haney. However, to insure easy 

cross reference to earlier reports both names are used in this report. The 

formation is in·oontact with the Pennsylvanian-Mississippian unconformity in 

several borings. The thickness varies from a few feet to about 14 ft. ·The 

~formation consists of gray-brown~ medium to coarsely crystalline, fos

siliferous limestone in beds ranging from 2 to 14. ft thick, with interbeds or 

zones of dark gray shaley limestone encountered in several borings. A 1-1/2 

to 2 ft thick shale bed occurs near the mic1CUe of tile formation in m03t 

borings. 

(3) Big Clifty formation. The Big Clifty formation is divided into 
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two distinctly d1fferent.lithologic members. The upper member is known as the 

Indian Spring shale and consists of a 20 ft thick bed of dark gray, thinly 

bedded, platey to fissile, carbonaceous shale that is fossiliferous locally. 

The lower 3 to 4 ft of Shale is generally massive, olive to olive gray and 

tan, and oxidized in contact with the underlying sandstone. The Indian Spring 

serves as an aquiclude at the base of the Golconda/Haney aquifer zone. The 

lower member of the Big Clifty formation oonsists of 40 ft of yellow to olive 

tan, massive, rippled, very fine, well sorted, friable sandstone that is out 

by numerous intersecting joints. 

(4) Beech Creek formation. The Beeoh Creek consists of tos- . 

siliferous, very hard and dense limestone that ranges from 18 to 22 ft thick 

except in areas where downward solutioning has removed the upper portions. In 

the upper one third to one half of the formation the limestone is light to 

medium.gray brown, medium to coarsely orystalline and has oocasional 

stylolites. In the lower zone the limestone is dark gray, fine to medium 

crystalline and oontains occasional to numerous wavy shaley partings. 

Generally, the lower few inohes of limestone contain rounded shale inclusions 

from the underlying Elwren shale. The limestone has numerous intersecting 

joints. The Beech Creek limestone an~ the overlying Big CIllY sandstone 

together represent the middle aquifer zone at the ABG site. 

e. Vo:.t Baden Croup 

(1) Elwren formation. The Elwren averages 20 ft thiok and consists 

of massive to thinly bedded, dark gray-green relatively impervious shale with 

interzones of red-brown olaYstone. The Elwren serves as an effeotive 

aquiclude at the base of the Beech Creek l~mestone. 
(2) Ree1syi11e formation. The Reelsville averages 10 ft in thick

ness. The formation consists of an upper 1 to 3 ft of hard sandy limestone 

that grades laterally into calcar~ous sandstone: a middle zone of massive to 

thinly bedded dark gray to gray-green shale: and a lower 1 to 3 ft zone of 

fine grained sandstone that is looally oalcareous. 

(3) Sample formation. The Sample formation ranges from 40 to 45 ft 

thick and consists of dark gray to black, thinly bedded, platey to fissile 

shale with occasional thin to thick beds of light gray, fine grained, massive, 
\-
~1able sandstone. The sandstone beds generally occur in the lower zone. 

Approximately 1-1/2 miles north of the ABG site an outcrop of the Sample for

mation consists of sandstone in a 25 to 30 ft section. 

(4) Beayer Bend formation. The Beaver Bend ranges from 10 to 12 ft 

thick and consists of medium gray-brown, medium to ooarsely crystalline, fos-
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oiliferous, very hard and dense limestone that is occasionally oolitic. The 

formation has numerous intersecting jOints. 

(5) Bethel formation. Only five wells bottomed in the upper por
tion of the Bethel formation. Tbe zone penetrated consisted of black thinly 

bedded shale with oooasional light gray sandstone lenses and light gray 

sandstone with shale lenses. 

ADalysis of geologic cross sections. The controlling geologie and 

hydrogeologio faotors underlying the ABa site and interrelated portions of the 

total study area are graphically portrayed in a total of thirteen geologic 

cross seotions (Plates 6-11 and 13-16). The cro~~ sections were oonstruoted 

primarily from boring data, but in some cases include data trom outorop ex

amination. Ground-water profiles and the str~tigraphio positions of well 

screens are included on the seotions. Borings shown on the cross seotions as 

having 2 or 3 well screens located in different stratigraphie horizons repre

sent well cluster sites, w~ere more than one ground water zone was enooun

teredo The well screens at the cluster sites are numbered beside the boring 
to correspond to ground-water levels shown on the oross sections. 

The exploratory drilling program has oontinued to provide additional 

boring data since the oonstruction of the cross sections. The later bor1ngs 

have not been included on the seotions. However, preliminary analysis'implies 
that the new data will onlY'oomplement the ex1st1ng seotions. 

The geologic cross sections are divided into two interrelated sets or 

groups. The first group of oross seotions represents the geologio

hydrogeologic conditions underlying the ABG site. The second group of cross 

seotiona io at a smaller scale than the first and represents the ge010gic

hydrogeologio conditions related to and extending beyond the ABG site, includ

ing springs. A plan of the ABG site geologie cross sections (AA' through II') 
is presented as Plate 5. The geologie cross seotions Al' through lI'are 

presented as Plates 6 through 11, respectively. A plan of the area geologic 

cross sections (JJ' through MM')-is presented as Plate 12. The geologic cross 

seotions JJ' through MM' are shown in Plates 13 through 16. 

The general geologic charaoteristics associated with each of the cross 

sections are disoussed in the following paragraphs. The geological develop

ment of the solution cavern passages that are shown on many of t~e oross sec

tions will be discussed in detail in a separate section followi~ the discus

s10n oC cro~s sections. Detailed ground-water data analysis is presented un

der the next major heading (Hydrogeology) and will make reference to the 

g~ologlc cross sections. 
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A composite of geologic cross sections AA'through DO' (Plate 6) was con

structed to present a panoramic encompassing view through borings located 

around the perimeter of the ABG site. The individual sections can be viewed 

separately, but are oonnected to show the continuity of the geologic oondi

tions underlying the site in all directions. The composite seotion begins at 

boring C16, runs olookwise around the outer portion of the ABG site and con

oludes at C16. The individual seotions are views looking north, east, south, 

and west from a point located in the oenter of the ABG. The geomorphology of 

the ABG valley floor, in relationship to elevations and stratigraphic 

hor1zona, 1~ ~hown in the north, east and west views (seotions AA', BB' and 

DO', resp.). The highest elevation and stratigraphic horizon in the ABG val

ley floor region lie in the west view. The oorresponding lowest zones lie in 

the eas t view. 

The well screens shown on the cross sections are in the Golconda/Haney, 

Beech Creek, and Beaver Bend limestones, representing the three ground-water 

zones.encountered at the ABG site in descending order. The ground-water 

profile shown for the Golconda/Haney is somewhat misleading in the perimeter 

section (Plate 6). Aotually, all of the ground water in this upper zone at 

the ABG has a flow potential downward into the ABG valley, and eventually into 

the middle ground water zone through the Big Clifty sandstone outorop area 

(more discussion under Hydrogeulu8Y, below). The effeotive drawdown of the 

middle ground water profile ooourring in the area of solution oavities and 

shown in section BB' (Plate 6) is obvious. Four of the five deep borings that 

extended into the Beaver Bend limestone are inoluded on the perimeter section 

(Plate 6). Well screens in the lower ground-water zone revealed a horizontal 
piezometrio surface at an elevation slightly nigher than 512 ft MSL. The 

highest. and lowest elevations on the middle ground water profile are ap
proximately 558 ft and 545 ft (MSL), respeotively. 

Geologic oross section EE' (Plate 7) runs from west to east along the 

ABG valley floor, beginning with boring C1 and concluding with boring C5. Tbe 

alluvial thickness ranges from about 4 to 12 ft, and averages between 5 and 7 

ft thick. The section shows how the upper and middle ground-water zones are 

hydraulically conneoted through the Big Clifty sandstone outorop area. The 

m1ddle ground water profile ·drops rapidly in elevation to the ea.st (between 

borings C3 and C1.1) as the influence of ground water outflow thr5>Ugh the solu

tion passages is approaahed. The headward advancement of the solution pas

sages underlying the eastern ABG valley floor ends between borings C11 and 

C12. 
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(Discussions or sections FF' ~nrough MM' are not included in thio draft 

but will be presented .later). 

5Dlu~iOD caTer.D paD~e3. The ourrent hydrogeologioal investigations 

being conducted in the ABG study area indicate that the following modes of 

. formation of solution cavern passages are in effect in the study area. The 

caverns encountered by borings in the eastern portion of the ABG have been 

identified as part of a complex solution cavern passage system. The cavern 

passages have formed in the Beech Creek limestone in the area underlying and 

bordering.the Little Sulphur Creek valley. Tbe cavern system began in the 

lower reaches ot Little Sulphur Creek and has migrated headward into the·ABG 

as a by-product of the erosional processes that have carved out the present 

Little Sulphur Creek valley. 

Solutioning in the Beech Creek limestone begins when the overlying Big 

Clifty sandstone is initially exposed to surface waters during valley 

incision. The Big Clifty sandstone is highly permeable and accepts nearly all 

or the water that oomeo in oontaot with its surfaoe. ThA water seeps rapidly 

downward through the sandstone and into the underlying Beech Creek limestone. 

Atter entering the limestone the ground water can go no deeper because of the 

aquiclude formed b.y the underlying Elwren shale. The increasing ground water 

supply entering through the Big Clifty sandstone' is forced to move horizon

tally through joints in the limestone. Cavern passages are opened along the 

joints and at the top of the limestone by solution resulting from the increas

ing ground-water flow. The ground water finds outlets through springs issuing 

from Beech Creek outcrops along the valley flanks farther downstream. The 

solutioning has continued to work its way neadward to its pre~ent p051tion in 

the ABG in conjunction with inCision along the Little Sulphur Creek valley. 

Caverns that have developed on top ot the Beeoh Creek limestone have resulted 

in the subsequent collapsing·of overlying blocks and slabs of the Big Clifty 

sandstone. Tbe solutioning processes as described above are illustrated in 

geo10gio cross section JJ' (Plate 13), whioh extends along the Little Sulphur 

Creek valley from above the ABG to the NWSC south boundary. The solution fea

tures can be seen in an outcrop in the east valley wall just south of spring 

Solution caverns have developed in the Beech Creek along o~her drainage 

ways both north and south Of. the ABG, where favorable stratigrap~ic conditions 

have evolved similar to those along Little Sulphur Creek. ODe or these 

drainage ways, of great importance in the ABG studies, lies along Johnson Hol

low, loaated south-southwest of the ABG (Plate 1). Solution aaverns in the 
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Beech Creek along Johnson Holloware believed to De connected to thoss in the 

Little Sulphur Creek valley in the area near the south boundary of the NWSC. 

The relationship of the solut10n teaturc8 in 'John&on Hollow and the west end 

of the ABG is illustrated in geologio cross section KK' (Plate 1~). The 

relationship between the Little Sulphur Creek valley and Johnson Hollow is 

, shown in geologio oross seotion MM' (Plate 16). Solution caverns along Little 

Sulphur Creek and Johnson Holloware the controlling conduits for the greater 

part of ground water flow from the middle ground water zone at the ABG. 

Springs issuing from the base of the Beeoh Creek limestone north at the 

ABG (Mt. Springs and, springs "D", "E" and "F", Plate 12), are part of cavern

ous systems, but are not believed to be oonnected to the solution systems 

~outh of the ABG. The relationship of Mt. Springs to tne ABG 1s shown in 

geologic cross section LL' (Plate 15). At this point in the ABG studies, 

there is still a possibility that Mt. Springs may in some way be influenoing 

the ground water oonditions in the middle aquifer at the ABG. 

BJdrogeology or tbe ABG. 

lbree separate and progressively deeper zones of 'ground wa'ter were iden

t1f1ed by boring8 at the ABO site. The lower ground water zone 1s in the 

Beaver Bend limestone; the middle ground water zone is in the Beech Creek 

limeotone and the overlying Big Clifty sandstone; and the upper ground water 

zone is in the Goloonda/Haney limestone. The relative positions of the three 

aquifer zones can be seen on the geologic cross sections. The ground water in 

each zone is primarily oontained in rock jOints, with the storage oapacities 

and flow rates dependent on the joint frequency, size of openings, and inter-' 

connection of openings. 

Lower ground vater zone. Ground water in the Beaver Bend limestone is 

confined by the overlying aiu! underlying aquiclu,de&, the Sample and Bethel 

shales, respeotively. The Beaver Bend aquifer produces piezometric levels in 

monitoring wells that range from 50 to 60 ft above the 'top of ~he aquifer, or 

33 to 47 ft below ground-water levels in the middle zone. Five monitoring 

wells were set in the Beaver Bend aquifer. The wells were located at the 

north, south, east, and west ends of the ABG site, with one well located near 

the oenter of the site. Water levels measured in the wells over a period of 

time showed that the piezometric surface of the ~eaver Bend aquifer rema1ns 

about horizontal at approximately 512 ft msl. The depth to the piezometric 

surfaoe below the ABG valley floor range's from approximately 112 t't at the 

west ~nd to 70 ft at the east end. 

Eeoharge into the lower aquifer is from areas of Beaver Bend outcrops 
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located in 3ulphur Creek and other favorable drainage va1leY~t l1'il1& updip to 

the north and northeast of the ABG site. Examples of surface drainage in con

taot with the Beaver Bend are presented in geologie cross sections LL' and MM' 
(Plates 15 and 16, resp.). 

It is doubtful that any significant connection exists between ground 

water in the middle and lower aquifers at the ABG site. Totaling the combined 

thickness of the Sample, Reelsville and Elwren formations, approximately 70 

teet of predominantly impervious shales separate the two aquifers and provide 

an effective aquiclude. The non-connection between the two aquifers is em

phasized by the difference in ground water surface (piezometric) elevations 

and the contrasting surface geometries. Another preliminary indicator of non

oonnection was evidenced by measurements madeln tho wells following a period 

of heavy rain. HOst of the wells in the middle aquifer showed higher read

ings, ranging from 0.2 to 0.5 ft above previous readings. In oontrast,the 

ground water levels in the lower aquifer remained about the same as previous 
measUrements. 

Middle ground vater zone. 

a. General analysis. The middle aquifer is partially open to surface 

water infiltration within the ABG; has hydraulic connection through solution 

caverns to springs south of the ABG (and possibly north, also); and is the 

most likely aquifer to receive and transport contaminants from the ABG dis

posal aotivities. The greater part of the study effort was applied toward 

. defining the hydrogeologic parameters surrounding the middle aquifer. The 

middle aquifer includes the Beech Creek limestone and the Big Clifty 
sandstone, Which are hydraulioally connected and total 60 ft in tb1nkness. 

The Elwren Shale formation underlies the Beech Creek and provides an aquiclude 

at the aquifer base. The surface of the Elwren aquiclude under the ABG is 
defined by one-ft oontours from boring data (Plate 17). The Elwren surface 

has looal irregularities, but the general dip of the surface is from northeast 

to southwest, consistent with the regional stratigraphic dip trends. 

Elevations on the Elwren surface range from 539 ft, MSL, in the northeast area 

of the ABG, to 520 ft HSL in the southwest area. 

A total of 22 monitoring wells has been set to date in the middle 

aquifer during the course of this study. Seventeen of the wells are within 

the ABG Site, three wells are to the north of the site and two w~ls are to 

the south of the s1te. Contours on tbe middle aquifer at the ABC site were 

constructed from water levels measured in the monitoring wells on April 1, 

1987 and on June 25, 1987. The resulting ground water maps are shown in 
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Plates 18 and 19, resp. Additional data from wells set after April 1 are in

cluded on the June map. '!be June map also includes an overlay of ground water 

contours on the upper aquifer where data were made available in the western 

part of the ABO (discussed below). 

Tbe ground water trends in tbe middle aquifer are nearly identical on .. 
each map, and show a complex multi-directional flow pattern. Oround water en

ters the ABO from the north-northeast, flowing downdip through joints and 

along bedding planes in the Beeoh Creek limestone. The zone of ground water 

entry into the ABO lies between borings C7 and C13. (Boring C26 has since 

been dr1lled near the mId-point between tbe~o boring3 and will probably repre

sent the background well at the ABO site). Reoharge into the middle aquifer 

apparently originates trom updip, to the northeast and north of tbe ABO site. 

Surfaoe waters enter through outorops of Big Clifty sandstone and Beech Creek 

limestone lying in favorable areas west of Sulphur Creek and along drainage 

ways flowing into Sulphur Creek north of the ABO. Recharge into the middle 

aquifer also ooours within the ABO through the Big Clifty sandstone area shown 

in Plate 4. The high zone on the middle ground water sUrface at the ABO lies 

slightly above an elevation of 558.5. rt msl. The high zone encompasses 

borings C3, C9, C13 and C26, and covers the central and north-central portions 

of the ABO. Tbe 558.5 it contour defines the high on the ground water maps. 

Oround water 1n the eastern half Of tne ABG 1s flowing rapidly out ot 

tbe middle aquifer through the cavern passage system along Little Sulphur 

Creek. Oround water from the middle aquifer in the western half of the ABO 

flows at a slower rate out to the south and southwest, following the 

stratigraph:f.n dip. There is a slight component of flow, indioated' by tbe 

ground water oontours on the middle aquifer surface, to the northeast from the 

northwestern.portion of the site. 
b. Detailed analysis. Where erosion bas not intervened, the top of the 

Big Clifty-Beech Creek aquifer zone is protected from direot downward seeping 

water from the upper aquifer by the Indian Springs, a 20 ft thick shale 

aquiclude. The areas that are underlain by all or part of the Indian Springs 

shale lie along the valley slopes and in the northwestern and western valley 

floor regions (Plate 4). In the central and eastern regions of the ABO valley 

floor. eros1on has progressed below tho Indian Spring3 and expo~ed a large 

area of the Big Clifty sandstone. The sandstone is highly per~e~ble and is 

capable ot taking most of the water that oomes in oontaot with its surface. 

The clayey nature of the relatively tbin valley allUVium that blankets the 

sandstone retards the downward flow of surfaoe water, but does not appear to 
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bold water for any great length of time. Once the water reaches the top of 

the sandstone, it seeps rapidly downward until it reaches the ground-water 

level in the middle aquifer. Ground water seeping from'the upper 

(Golconda/Haney) aquifer into the ABG valley flows down the eroded slopes of 

the Indian Springs shale at the base of the alluvium and into the Big Clifty 

sandstone similarly to surface water conditions. 

Surfaoe water enters the Big Clifty sandstone outcrop area from two 

souroes within the ABG. One souroe is from rainfall. The other souroe is 

from two oreek branches that flow into the ABG from the west and the northwest 

ana represent tht= headwater:s of Little Sulphur Creek. '!be branoh water is 

derived from ground water in sandstones and possibly from ooal seams in the 

higher Pennsylvanian strata, and from seeps out of the Goloonda/Haney lime

stone. The branohes join near the oenter of the ABG and the flow oontinues 

out the east end of the site, then south down Little Sulphur Creek valley. 

During drier periods and in light to moderate rains, all of the ~urfaoe water 

in the branohes becomes ground water in the middle aqniferthrough the Big 
Clifty sandstone within the ABG. During wetter periods and heavier rainfall, 

a large part of the branoh water enters the ground-water system within the 

ABG, and the remainder flows out the east end of the slte. All of the surface 

water that exits the ABG eventually beoomes ground water through an outcrop of 

Big Cllfty sandstone located In the creek bed app,roximately 300 tt eouth of 

the ABG. The one exoeption is during periods of very heavy rain, when water 

flows freely along the creek bed for short periods of time. Normally, the 

Little Sulphur, Creek bed remains free of water flow until a point is reaohed 

downstream where the valley downoutting has progessed to the top of the Elwren 

shale. The Elwren shale is reaohed approximately 3/4 mile south of the ABG 

near Spring "C" (Plate 12)., Spring "C" issues a moderate volume, of ground 
water from the base of the Beeoh Creek limestone, and starts a new source of 

surfaoe water flOWing down Little Sulphur Creek. The oreek bed remains in the 

Elwren shale past the south boundary of the NWSC, whioh lies approximately 1-

1/2 miles south of the ABG. Springs "A" and "B" (Plate 12) issue additional 

waters from the Beeoh Creek limestone to the surfaoe flow before the oreek 

orosses the NWSC boundary. A number of springs are reported to issue from the 

Beeoh Creek along the Little Sulphur Creek valley flanks south Qt the NWSC 

boundary. Groundwater is also seeping from the Beeoh Creek intQ the Valley 

alluvium below thc surfaoe. 

The ground water that is issuing from the springs and seeps along Little 

Sulphur Creek is hydraulioally oonneoted through the solution oavern passage 
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syst~ to the middle ground water zone at the ABG. The hydrogeologio 

relationships in the above statement are illustrated ·in geologic cross seotion 

JJ' (Plate 13). The ground water in the middle aquifer in the eastern half of 

the ABG flows·praotically unrestricted out through the cavern passage 5,Ystem. 

Evidence of the rapid transfer of surface waters through the solution 

oavern ground water system was observed during two periods of heavy rainfall. 

The observations were made at springs ftCft and "Aft, where shortly following the 

rainfall the volume of outflow had greatly increased above normal. The larger 

volume of water issuing from the springs had turned murky and light grayish 

tan in oolor. In each ca:se, by the next day the :springD·hBd oloQrod up Bnd 

returned to their normal flow. Seasonal changes in rainfall also produce a 

gradual inorease and decrease in the total volume of outflow from the springs. 

However, the springs never seem to run dry. 

The system of solution cavern passages that has developed in Johnson 

Hollow is interrelated to the cavern 5,Ystem along Little Sulphur Creek valley. 

The two cavern systems intersect at the junction of Johnson hollow and Little 
Sulphur valley, near the south boundary of the NWSC. Ground water flowing 

southwest out of the middle aquifer in the western half of the ABG is 

-gradually pulled south-southeast, toward oonduits in the solution cavern sys

tem along Johnson Hollow. Geologio oross section KK' (Plate 14)~ includes two 

borings (C24 and C25) 1n JOhnson Hollow and shows the dr~down on the middle 

aquifer water surfaoe induced by the free flow provided along the solution 

passages in Johnson Hollow. 

The ABG south valley wall projects southward and becomes a broad high 

ridge that is bounded on the west by Johnson Hollow and on the east by the 
Littie S1ll:phur valley (piate 1). .The ridge terminates a~ a nose at the junc

tion of Johnson Hollow and the Little Sulphur valley. The Beeoh Creek lime
stone has been breached at the base of the ridge, around the nose and up both 

drainage valleys for a considerabie distance. Geologic cross section MM' 

(Plate 16) outs the ridge normal to·its axis and shows the isolation of the 

middle aquifer zone between the two valleys, caused by the breaching. The 

oross section also shows that the flow component from Johnson Hollow at boring 

~ C_ is toward Little Sulphur Creek at Spring "Cft. The only active springs 

issuing from the Beeoh Creek at the base of the ridge are o prins. ftBft at the 

end of the nose, and spring ftA"; located near the nose on the L1~tle Sulphur 

Valley side. Geologic cross seotion LL' (Plate 15) extends along the axis of 

the ridge from the ABG to below spring ftB". Section LL'illustrates the poten

tial lowering effects on the middle aquifer induced by the breaching of the 
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Beech Creek aquifer base • 

South of the ridge nose and just inside the NWSC boundary, an alignment' 
or n1ne alluvial wel13 wa3 ~3~allod corODD the valley as part or the ABG 

study. (The details ooncerning these wells have not been finalized for 

reporting at this time~ but will be included in the final report.) the nine 

borings revealed an abundanoe of ground water oontained in gravelly sands in 

the lower half to two-thirds of the alluvial valley fill. the allUVial fill 

ranges from 10 to 15 ft thick and is resting on the Elwren shale. The souroe 

of the alluvial ground water,is from seeps out of the basal Beeoh Creek lime
stone below the alluvial surfa,oe. A large portion of the seepage water 

originates from the zone bounded by Johnson Hollow and the Little Sulphur val
ley. As stated earlier, there is no ground water in the valley alluvium at the 

ABG. 

In order to illustrate the middle aquifer flaw pattern beyond the ABG, a 

ground-water contour map was oonstructed as an overlay to the area topographio 
map (Plate 1). Tho map waD oonstruoted ~om data points at the ABG: the two 

borings in Johnson Hollow; one boring at the NWSC south boundary; and surveyed 

elevations at springs "A", "B" and "C". The ground water map has a 5-ft oon
tour interval and is presented as Plate 20. The flow pattern shown on the map 

implies that all or nearly all of the ground water in the middle aquifer at 
the ABG eventually flows out through the Little Sulphur Creek valley, either 

as surface water issued from springs or as ground water in the allUVium. The 

above statement applies both to ground water flowing rapidly out the eastern 

half of the ABG, and to ground water flowing more slowly out the western half 
of the'site. 

Approximately one mile north of the ABG site, Mt. Spring (Plate 12) 
"issues a large volume or water from tho ba30 of the Beeoh Czoeok and starts a 
major branch flow ~ich,empties into Sulphur Creek. There is evidence (not 

conolusive) that Mt. Spring may be hydraulioally connected to ground water in 

the northwest portion of the ABG as shown on geologie oross section LL' (Plate 

15). Mt. Spring appears to' be flowing at an elevation that is 3 to 5 ft below 

the higher water levels of the middle aquifer at the ABG. The elevation at 

"Mt. Springs was estimated from contours on the topographic map. Beech Creek 

springs "n", "E", and "F", lying north-northeast of the ABG,als9 flow into 

Sulphur Creek, but appear from topographic map elevations to be ~11ghtly 

higher then ground-water levels in the ABG. A survey is planned to determ1n~ 

the true elevations of eaoh of the northerly springs. 
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Upper groUDCI vater lIone. The upper sround water zone at the ABG is in 

the Golconda/Haneylimestone and is underlain by the Indian Springs shale . 

aquiolude. The aquifer is opened or breached in the ABG valley slopes, and 

underlies the extreme western portion of the valley floor. Six monitoring 

wells were installed in the upper aquifer at the west end of the ABG and one 

well at the C,8 boring site. Contours were construoted on the upper ground 

water surface at the west end. of the ABG and are shown as an overlay to the 

contour map of the middle'aquifer in Plate 19. The western end of the ABG is 

the lowest zone in relation to the stratigraphie dip at the ABG. If ground 
water were to be exiting from the ABG through the upper aqU1Cer, 1t ShOUld be 

occurring in th'e western zone. Instead, the ground water contours show that 

ground water trom the upper aquifer is actually flOWing into tbe ABO. Tho 

available evidence supports the Observation that any ground water seeping from 

the upper aquifer within the ABG eventually ends up in the middle aquifer 

zone. There is no evidence that possible oontaminants entering the upper 

aQuifer would exit the ABG other than through the middle ground water system • 
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· Although Indiana Is a water-rich state, few reports have summarized Figure 1. Indiana Water Management Basins 
the state's water resource on a regional basis. Perhaps the most . 
comprehensive treatment of Indiana's water resource can be found 
in a series of reports published by the Indiana Department of 

'. Resources, Division of Water. In these studies, the division summa
rizes the amount, location, and characteristics of surface water and 

· ground water for regionDI riycr basins (figure 1). By comparing the 
supply potential of surface-water and ground-water systems with 
current and projected water use, the division can identify areas of 

· potential water-use conflicts and areas of underutillzed water supply. 

Topics covered in the basin study reports include: 

Socioeconomic setting 

Geological framework 
Climatic features 
Surface-water hydrology and quality 

Ground-water hydrology and quality 
Current and projected water use 
Potential for water use conflicts 

· Of the twelve regional river basins shown In (figure 1), five have 
been completed. They include the S1. Joseph(fIIe size 831 kb}. 
WhltewaterUile size 1 .020kb). Kankakee(file size 1.649kb). 
Lake Mlchjgan(file size 1.991kbj. and Maumee(flle size 1.918kbJ 
River basins. Work is presently underway on the White and West 
Fork White River basin. To view An P.YAr.lJtiVA /':ummary of a given 
report, please select from the above list. 
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4.0 ARCHAEOLOGICAL AND 
BUILDING SURVEYS 
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HIGHLIGHTS 

The archaeological survey 
revealed 19 historic and 
prehistoric sites, or 
possible sites. The 
buildings survey revealed 
six sites that are eligible 
for listing on the National 
Register of Historic Places. 

4.1 ARCHAEOLOGICAL 
SURVEY 

The archaeological investigations 
were designed to sample the range 
of environmental settings at Crane 
and test the validity of predictive 
models developed for adjoining 
areas at Crane. 

The existing site location model 
was provided as part of the Over
view Survey Report. Naml Weap
OilS SlIpport Cemer. Crane. 
Indiana. prepared by Greenhorne 
and O'Mara Inc. October 1990. In 
that model areas with high potential 
for prehistoric archaeological sites 
are upland rises overlooking 
streams. heads of drainages or 
swales, and rocksheIters. Areas of 
low potential are steep slopes with
out rock shelters or overhangs. 
Areas that had undergone intensive 
construction were identified has 
having liitle or no potential for ar
chaeological resources. Local infor
mation used to assess the predictive 
site model was obtained from the 
SHPO. the Hoosier National Forest. 
Crane. and the Hoosier National 
Forest overview prepared by the 
Glenn A. Black Laboratory of Ar
cheology (Sieber et al. 1989). 

Data on historic settlement was ob
tained from Crane personnel and 
from maps and local histories re
viewed at county government of
fices and local libraries. Early Soil 
Conservation Service maps were 
also examined. Modem topographic 
maps were reviewed for cultural 
features and for landforms. The site 
predictive model was modified. in
corporating this research. The re
vised model adds low terraces. 
floodplain rises (knolls. levees. 
etc.). and floodplains inside stream 
bends and at stream confluences to 
the inventory of highly likely loca
tions for prehistoric sites. For his
toric sites. it was assumed that 
agricultural settlements would not 
be found on the limited tillable 
land, which would have been re
quired for crops. On the other hand. 
it was assumed that the camps of 
those involved in exploiting spe
cific resources (e.g .. loggers. or bog 
iron or early drift miners) would be 
found convenient to work places. 
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Sites for 60 shovel pits were se
lected using USGS topography 
maps. to test the revised model. In 
selecting locations. the two major 
considerations were presence of a 
"desirable" topographic feature and 
easy road access. Test locations 
were submitted to the Navy for re
view and provided to the SHPO as 
a professional courtesy. Several 10-
eations proved to be in unsafe 
areas, or areas where special escorts 
were required. Alternative sites 
were selected. 

For the broadest coverage. the test
ing program was designed to test 
for presence/absence of cultural 
material in one pit at each shovel 
site. Some evidence was found that 
cultural resources are present and 
not rare at Crane. Cultural re
sources were found in 13 (23 per
cent) of 60 test pits. The high 
success rate was significant. espe
cially since just one shovel pit was 
made at each location. 

A total of 19 historic and prehis
toric sites or possible sites were re
corded on state survey forms. Of 
these. 13 were found by shovel test
ing; one discovered in the field at a 
previously unselected location: and 
the remainder identified by Crane 
personnel. The methodology of 
testing was simple. The field team 
walked to the approximate location 
selected. chose a reasonable place 
for a shovel test. and dug an irregu
lar hole through the "C" soil hori
zon. The walls of the pit were 
inspected. then fill was broken up 
and sifted back into the pit by hand. 

A summary of tested areas is in
cluded in Appendix B . 
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4.2 BUILDING SURVEY 

4.2.1 Purpose of the 
Survey 
The building survey evaluated aU 
buildings. structures. and sites for 
eligibility for the National Register 
of Historic Places. The survey was 
conducted by direct observation of 
the developed areas. comparing the 
types and quality of buildings. 
structures. and site areas at Crane. 
The intention was to apply the Na
tional Register criteria, in conjunc
tion with functional data and 
records of modifications made to 
many of the facilities. The building 
survey wiII be used as a source of 
information for facilities planning 
decisions and for the ongoing facili
ties management program at Crane. 

The architectural survey began by 
identifying the existing structures 
that were conducted during or be
fore 1946, based upon review of 
Document p-J64. Detailed Illvell
tory 0/ Naval Shore Facilities. 30 . 
September 1990. The architectural 

Building 13 

team photographed each building 
(or building type. if repetitive.) 
Using the photographs. plans. and 
observations. the buildings· were 
evaluated for architectural signifi
cance and integrity. Archival re
search established the original uses 
and appearances of the buildings 
and aided in the determination and 
evaluation of the historical signifi
cance of each structure or group of 
structures within the context of 
naval history in general and within 
the context of the history of this in
stallation. The National Register 
evaluation criteria were used to 
evaluate each building and district. 

There are no previously identified 
historic resources on the siteimd no 
buildings or structures 'are listed in 
local or state inventories or the Na
tional Register of Historic Places. 
The following architectural and en
gineering resources were identified 
during the survey as eligible for 
listing on the National Register as 
individual resources or as contribut
ing elements to a historic district. 
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Pump House 

Crane 

On a national level, Crane is con
sidered historically significant as 
the primary ammunition depot for 
the east coast requirements of the 
U. S. Navy, in its role in the stor
age, manufacturing, and develop
ment of munitions. The site 
structuresand'plan are considered 
to have architectural and engineer
ing significance relating to the 
WPA-<:onstmcted recreation struc
tures remaining from the state for
est and park occupation. the early 
farmhouses remaining before Slate 
and federal ownership of the site. 
and the design of the site. buildings. 
and structures by the architectural 
and engineering firm of Russell B. 
Moore Company. 

District A: Industrial/Administra
tive Area 

This district consists of the group
ing of buildings originally planned 
for the core of the area labeled "in
dustrial area." The district is poten-

.tially eligible under criteria A and 
C as containing the earliest build
ings constructed at the facility. for 
the site plan of the area. and for the 
design of the buildings. The build
ings are assembled along an open 
green. and share architectural style 
and detailing: they form a cohesive 
group. 

The potential district includes all of 
the buildings and structures of the 
original industrial area. the open 
space between the buildings. and 
the open space surrounding the area 
that constitutes the "viewshed" of 
the area. The viewshed area typi
cally includes all land between the 
site and the next ridgeline. It is 
clear from the original site plan that 

the original barracks (Building 13) 
was sited on the highest land point 
of the industrial area and oriented 
to take advantage' of the views the 
topography offered. 

District B: Residential Area 

This district consists of the original 
single-family detached housing. 
constructed on the site. DeSigned 
by Russell B. Moore Co., Archi
tects and Engineers, the houses 
were intended to be consistent with 
the 1938 WPA residence con
structed for the park ranger. ni~r23 
housestian(tY13''t3fug~Sl6utbuild.ID.gs 
are of stone and wood construction, 
masterfully sited to take advantage 
of the topography. to provide views 
of the lake and woodland and to 
provide privacy. The proposed dis
trict is eligible under criterion A for 
its association with the develop
ment of Crane and under criterion 
C for the siting and design of the 
buildings and as the work' of the 
R.B. Moore fum. The district in
cludes the residences and outbuild
ings. the· open space between the 
buildings. and the viewsheds from 
the houses; the views of Lake 
Greenwood are particularly critical. 

WPA Construction 

As part of the White River Land 
Utilization Project. the WPA under
took construction of recreational fa
cilities for the planned state park. 
Several of these structures remain 
and have been maintained by the 
Navy as part of Crane's recreation 
areas along the banks of Lake 
Greenwood. Although primarily 
wood frame and log construction. 
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Building 40 

the buildings have stone founda
tions and substantial stone fire
places and chimneys. In addition to 
the buildings. several stone culverts 
were noted along highway H-438. 
and are considered significant.The 
buildings are considered eligible 
under criterion A for their associa
tion with the WP A program and 
under criterion C for their architec
tural design. 

Bridges 

Several bridges on site are consid
ered eligible for listing on the Na
tional Register. The bridges are 
Navy- and WPA-built. and include 
wood. concrete, and stone construc
tion. Those bridges constructed by 
the Navy were designed by R.B. 
Moore and represent the work of 
the finn. Not all bridges were ac
cessible during the on-si te survey. 

It is therefore possible that addi
tional. eligible bridges may exist. 
The bridges presently identified are 
significant under criterion A for 
their association with the develop
ment of the site and criterion C for 
their design and engineering. 

Individual Industrial Buildings 

In addition to the buildings in
cluded in district A. Buildings 34. 
36. 37. 38. and 40 appear to meet 
National Register criteria. The 
buildings were part of the facility as 
originally planned. before its scope 
expanded after Pearl Harbor. The 
buildings are the same in design 
and detailing as the buildings in 
district. A. The buildings are eligi
ble under criterion A for their asso
ciation with the development of the 
site by the Navy and under criterion 
C for their design. construction ma
terials. and construction methodol
ogy . and for technological 
improvements in the stor.lge of ord
nance . 

Farmhouses 

Two individual. farmhouses have 
been identified as eligible. Both 
farmhouses were remodeled by the 
Navy and continue in use as hous
ing. The farmhouses are eligible 
under criterion A for their associa
tion with farming in Indiana. asso
ciation with the White River Land 
Utilization Project. and association 
with the development of Crane as a 
ammunition depot The farmhouses 
may also be eligible under criterion 
C for use of materials and style 
characteristics of rural residential 
construction in Indiana. 

Detailed descriptions of the engi
neering and architectural develop
ment of the Crane site appear in 
Appendix C. More detailed descrip
tions of the National Register cri
teria and application of those 
criteria to the Crane site also appear 
in Appendix C. Appendix D sum
marizes legislation and regulation 
relevant [0 construction and preser
vation at Crane. 
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govorr~tel.1t to;· t.hG Qontracto _.~I· .. el"[;.b1F~ vtorlt so that tho llCq··. lsi ;,icn of' ad,,'.iLJ.: 
lillie h 1:.:; urson t. one Lfy."l co ~c 
days but that area nor' he 
St. Paul P.a1lros.d tr 
six weeks. 

6. 'l'ha. ar'i;a sou,\; 1 0; thr: J'&ilroad t!,G.;~l.:8 which cont.ain.s moat .I' tlK\ hl.' 6JCr1oni va area ahoulo. be acquil',:.d as 3 b- ving duet c-onsldoratlon to economy all' or t· sent land owners. to ,,~t.t16 thrunsel Vt) loc&ti.olW.. If.' this area is not AC-qu1r~d. no f th~ lhl1.;:l ;;1.11 be: orl..~;:O!:lJ b~i the Depa t de . 1n add! t10D the ownern w111 probsblY J-OY:a!'lle.nts in the t"or'm o.~ hoUSing .• gasollrH: ... eap rostraunts. e~a. which w.iU 00 or no val\.,tI.1 to ,.,. 'ernrt..1':nt but wh1ch 1 t .01.%1 d hfl \'6 to paY' for. '~'h&re are only So faw scattered hou.ae.a a.nd no tcnmSJ in the proposod area. Blankenship,. "'~J.loh SM?i8 5.8 a town" contains onl7 ~ or S houses an.;l a dilapIdated store. 
7.. The D1strict "ttorney adviacl:: thr.-:.t 1r.. this ~o.c.atlon 1 t. 1s his e.xpor1ence that negot.ia tlon 1s more sat1afae tOl"Y to all eonaerned. ~nd much mOJ:ge economical. than condomnatlon. It th-e area. north of the. tZ':'\QKa c.an be acquired b7 negotIation within the next raw weeks or 3'0 .it c,nld b(;"! don.e b:t th1a m&thod, otllenriso eondomt).8.t1on will be neeeas8l7_ The area. south. of' the traoks can bel acquired largely by negotiation. 

• 

• 
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8. '.i'h;e average :price paid by" the Depart.ment or 
Agt91cuJ.. ture fOol> the land already acquired was .~)B.OO ;er acre. 
F'igul'oS are not yet avallable on ths option I))"ice 1fhlch has 
been obtai.nod by thi) lH.nOO uapa.r·ttlOntlo !111e area. which h&.s not 
yet been acqu.ired is the boat la.';d in the al"es. and \vill 
probably coat mOl·~ to obtain thcUl the above r1gure. At an 
estimate east of :120.00 per ncI'e, t.he total land yet to 
aCCl,u!re would cost appro.x1m.atQly ~250,OOC. 

:::. i~ti;G •. ,t1.\ln 13 invitee! to· tl:w ;'sonnel and 
In.d<~str :.;.1 aJ"aliUI· ~ ·"YW41 (m th~ enclosure. I :2. deelrable 
to 5Ie:'ru."o.~!": s,~eh aet.i\!'~tJ .. ·~s fr::'1~ I;h'.'; ax.:'10~L'. t'~ca, and 
the l/).:;Rt1/J~~ ~lJ;al'::::':l -:)11 ,,: .... ~ lr~;..::,': .:.~ e. &re&. and "ell 
sui tee! i'or l"t)oreatl·;'>:l&;.l fac.:i li (.188 ,".,)1' 1..':10 l j G.! "",-", .... ",1. It 1s 
i'7"O;>O::HHl to S b\l"~ n :.)rk iu t:.I.:1. S fir ,;. ayout. 
will b~:· r ~1!"11'r~~··d9·~~ .:rO!o e.:':)rOViU ". . ......... :. daIS. In 
thla ~ ,)~~ltJC tlon 1 t 16 re~r ~tH': t;. . ~,h!L t. ,,~S: 1·::; 't. .~ !':leta ~f.~ plana 
be !'''MV£,,~l''d~d r01' giJnller bu~ "'\ •. !' . .::;~ ·ra'!=t~~/.)l~;:.c. 

10. 

1.. Appro.V,a! 0::" .... .ru:.-r. ............. 

the Bureau nIl r~q 
in OrdS19 to tr6llate 
Department of Agl"l 
2. Parmi •• iQn 
3. ll.pproval 0 

4. Pla~ p~r 
Hawtb.orIlCly~'-'::''' 

. (( ,lj 
\~ 

that 

. t1o-:~.c. .. 
. e1 em· .. ~ l~d~t.·i·l€ll £:.r~~a.. 
~ lnd.ut,tl'"ial b~l~lnt~s ~t, 

7/. 8.. Short. 
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6.1.10.3 Building 600, Transfer Depot 

At this munitions transfer depot, an open storage and trailer 
parking area to the southwest contains a bose and truck washout facility. 
Explosives-carrying vehicles are hosed down in this area. The 1979 study gave 
tbe following values for soil samples taken in the vicinity of the wasbrack. 

TNT z22m RDX z22m HMXz2Em 
Soil (surface) 6.0 2 3.0 
Soil (~urface) 2.8 1,032 12.4 
Soil (l-ft. depth) 1.7 418 60.0 

6.1.10.4 . Conservation Dam No. 2845 

This conservation pond, located south of the Pyrotechnic· Test Area, 
was reportedly used for testing floating-type pyrotechnics in the past. Only 
limited testing was conducted, and the potential contamination is minimal. 

6.1.10.5 Old Phyrotechnic Test Area 

This test area, inactivc since the ea~970S' is located on the 
north side of Highway H-S northeast of Building 940 Extensively used for 
testing flares, ignition devices, and smoke marke the area has small 
potential for significant contamination. 1 

6.1.10. 6 Lake Gre enwood . rp'lP . 
Some four sites were reported as past· test areas for floating-type 

markers and flares on this aOo-acre lake. Also reported was testing of MK25 
and MK72 flares in the 1950s, as well as the testing of mine location markers 
in the late 1960s. The testing of bombs in the lake during World War II is 
documented, but could not be substantiated as to type, quantity, or whether,\ ,JV 
the round. were live .r inert. ~~~uL 

6.1.10.1 Miscellaneous Summary ,~~~~ 

The comparatively low volume of operations throughout these miscel
laneous facilities results in low potential for contamination. The high con
centrations from soil samples near Building 181 and the washrack near Building 
600 are localized. Soil samples taken some distance from the facilities give 
contaminant levels below 1.0 ppm. 

6.1.ll EX2losives 0Eerating Building 

The following subparagraphs list buildings that have housed signi
ficant explosives operations, e.g" black powder, smokeless powder, and explo
sives compositions. The present building title is listed, with the past title 
or function, along with ordnance material handled, enclosed in parentheses. 
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Major Tree Spacies A r, NWSC CraTH: 

l'o I,.::!ck Ash 
'lihir:1l' A~n 
t~rse-rnnched Aspen 
Bs.ldcypr",~,; 

B;:L:;sWQoci 

Beech 
RiveI:' Birch 
Boxeldar 
Ohio BuckGyQ 
Du=terflut 
Bla~k Cherry 
lHilCk Map Ie 
Red Maple 
Sugar Mi:tple 
Yellow Pop lar 
Hlack Oak 
C11I!li:tnu( Oak 
Chinquapin Oak 
Pin Oalc 
Red Oak 
6c:ol:'let Oak 
Shingle Oak 
Cotton~ood 

Re~eived Jul-OB-ZOD3 IO;41aDl From-3174090m 

D-l 

ArneriC.;In Elm 
Red Elm 
Hackberry 
Biccerr.ut Hir:~nry 
Monhernut Hickory 
Pignut Hickory 
Shagbark HicKory 
Hone)'locu:;t 
Black Locu::.t 
Wh.i..ce Oak 
Auscrian Pine 
Jack Plue 
Pitch Pbe 
Scotch Pint: 
Shnn leaf Pine 
Vire:1 nia Pine 
Uhit.e Pine 
Yellow "'nplar 
Swee~sum 
Black tlalnut. 
~ycamore 

Wi 11 ow 

To-MALCOLM PIRNIE WASH' Paie aDZ 
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Partial List of RQr~ plants at NWSC Crane 
(Not listed as threatened or endangered) 

Shouy Orchi3 Se~sll~ Trillium 

Lesser Frin~ed O~chi~ Tw1nleaf 

Gin:sen~ Sullivancia l>1I11vlInti.i 

NucJcJing Trill1um A~pl~ntum penvatifidum· 

Lar~e White Trillillm 

Yellow TT1111nm Vi:tsri3 linc~tQ 

0-2 

. , . 
. ~, . 

Re~oivod Jul-OS-Z003 IO:41am Fro1lt'"317409D030 To-MALOOLM PIRNIE WASHI Pale 003 
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Par [iaL List: of fauna at: I'I"WSC Crane 

WIllLe-cailed deer 
Beaver 

Small Marr.mals 

lIpO!isum 
Mi I".F! 

Rcll:,rnnn 
Cottonr~'l r~bbit 

RQd fox 
Cray fox 
Long-tailed weasel 
Sc:riped sk.unk 
Mink 
Coyote 

LargtH Ruden~s 

Muskral.· , 
Woocchuck (Gt'vulll:lhu~) 
Gray squirrel 
~'nx squirrel 
Eastern chipmunk 
F Lyj n8 ~'1uirrel 

!.later Fowl and ShnT"p. Birds 

Canada Boose 
Mall;J.rd duck 
Ringnccked duck 
Lesser scaup 
Ilooded merg\ln~cr:; 
Black duck 
Rt::llhe: ad 
Common merganser 
Buffl~htli:lu 
Common loon 

G am-a P. ; rei.':; 

Wild tl.lrkpy 
RuffQd grol.Isq 
BobtJhicQ quail 
Woodcock 

Roceivod Jul-OS-ZOD3 ID;41am From-3174G9QG30 

D-J 

Rop~ors th~t Re~t on Cenr~r 

Red t ~ ile d h;!wk 
Red-shou~dered hawk 
Ilroad-winged hawk 
Sparrow hawk 
Cuu!}e l':5 hawk 
Sb.u;~-::.llilll'led hawk 
Gn~at. hUlllteU uP'l. 
Barred owl 
Screech owl 
Turkey vulture 

F~ll ~nd Winter Rapcor Visitors 

Rough l~g8Prt h~~k 

Marih haulc 
Short-Ila-red owl 
Long-eared oul 
Saw whet owl 
aeld eagle 
Golden eagle 

Och'::1: IIiI'd:; 

Aru~ " i. \.: i:UI CuI) 1: 

Rock cloVI;: 
Common flicktlr 
Yellow-bellied 5 ap!;u(;k~l,' 

Blue jay 
Tufte.d t 1tmouse 
~prt-hrp.a~ted nuthatch 
Mockingbird 
Colden-crownqn kinglp.r 

House 5parro~ 
Rufous-sided ~owhee 
Fie Id sparrow 
Red .. winged bl~ckbird 
fiong sparrow 
Killdeer 
Mourning dove 
!laity 'ioIoodpeckeJ: 
Do~ny woodpecker 
C0ffiJ110n crow 
Brown ct'eep er 

To-MALCOLM PIRNIE WASHI PalO 004 
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Partial Li ~r of ~":;I\ina ar WSC CranE} (Continued) 

uther Mirds (Continued) 

Winte.r wren 
American rober 
Ce dar waX"-'"i ng 
C3rdin~1 
Do.rk-ey~d junco 
Whippoorwill 
Swamp sparrow 
Gl:eat blul: lttlron 
Herring gull 
B~lled kingf1sher 
Red-bellied woodpp.~kp.r 
Horned lark 
Carolin~ r.hickacee 
Wh1rp.-~reas~ed nuthatch 
Carol ina wran 
Ea~tarn bluebird 
Starl ins 
Amcrie~n goldfinch 
Tree sparrow 
Purple martin 
Whice-c:hroar.t:u :sparrow 
Ruhy-tl'Lu~l.~tl hummingbird 

East:ern newt 
RedbackAn ~~l~mander 
Twn-lin~M salamander 

nogs anti Toads 

Fowlers toad 
Chorus frog 
Cricket frog 
Spring frog 
Grey tree fl:og 
Leopal:d frog 
Bull frog 
G.t:t:~n (rog 

Tunles 

Spr1ng softl'lhpl I t1ll:'tie 
Snapping rll"n I ~ 
Box t\lrrl~ 

P;ainred r.tlrc:le 

F rOllr31 74090G3G 

1.:-" 

Lizards 

Five lined skink 
fence lizard 
Ground skink 

Snakes 

(i~rrl;'T" snake 
K~ndp.d water ~naka 
Dekays snakQ 
Black racer 
Black r3t !;n:lkc 
Milk !>nilkc 
Rough !reen snake 
Hognose snClke 
Copper head 
Ratr.le $1I~k.1:l 

Aquaric Antmals 

Crayfish 
'r~~h~Rr@~ mussEl~ 

uoJ.c1en shiner 
Redear s'unfish 
Channel catfish 
Spotted I>uc:kcr 
Carp 
Yell ow perch 
'Warmol.lth 
Largemouth bass 
White bass 
DJ:ollol'n bLlllln:au 
Bluegill sunfish 
Walleye pike 
White crappie 
Yellow bullhp.;)n 
Longear ""nfish 
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List of Pyrotechnic Items Produced 

Title 

Signal, Illumination, Marine, 
Mk 2 Mod 0 ................ . 

Signal, Smoke, Marine, Mk 2 
Mods 0 •• a._ •• " •••. _ •••••••••• 

Signal, Illumination, A1rcrarL, 
AN-M37A2 Thru AN-M42A2; 
AN-43A2 thru AN-M45A2 
AN-M5JA2 thru AN-M58A2 ••..... 

Signal, Smoke, Ground, M62, 
M64 and M65 •••••••••••••• 

Signal, Smoke and Illumination, 
Marine, Mk 13 Mod 0 •••••••••• 

* Signal, Smoke and Illumination, 
Marine. Mk 38 Mod 0 •••••••••• 

Signal, Illumination, Ground, 
Green, M125A1 •••••••••••••• 

Signal, Smoke, Ground, 
M128A1 Bnd M129A1 ••• 

Signal, Hand Fired, Mk 80 
Mods 0 and 1 ••••••••..• 

Signal, Illumination, Aircraft, 
Mk 6 Mod 0 ••••••••••••••••••• 

Signal, Smoke, Aircraft, Mk 7 
Mod 0 .........••...•....••. 

Fuse, Warning, Railroad M72 
Cartridge, Signal, Mk 130, 

Mk 138. Mk 139. and Mk 140 
Mods 0 •••••••••••••••••••• 

Cartridge, Signal,Mk 121, 
Mk 122, and Mk 123 Mods. 

Flare, Aircraft, Parachute, 
Mk 5 Mods •••••••••••••••• 

Flare, Aircraft, Parachute, 
Mk 6 Mods 3 thru 6 ••••••• 

Projectile Load, Illuminating, 
Mk 7 Mod 0 ••••.•••••••••••.•. 

Flare, Aircraft, Parachute, 
Mk 24 Mods 2,2A, 3 and 4 

Projectile Load, Illuminating 
Mk 4 Mods •••••••••••••••••• 

*Major items produced 

E-4 

Title 

Projectile Load, Illuminating 
Mk 9 Mods' 0 and 1. • .; ..••.•• 

* Projectile Load, Illuminating 
Mk 11 Mod 0 ••••••••••••.•••• 

Projeetile Load. Illuminating 
Mk 12 Mod •••••••••••••••••• 

Flare, Surface, High Altitude, 
Parachute Mk 20 ••••••••••••• 

Cartridge, 81MM Illuminat ing 
M30 tA2 •••••••••••••••••••• 

Flare, Surface M49 
Grenade, Hand Illuminating 

Mk 1 Mods 2 and 3 •• ~ •••• 
* Flare, Aircraft, Parachute 

Mk 45 Mod 0 ••••••......• 

Warhead, 5.0 Inch Rocket, 
Illuminating Mk 33 Mod 1 

* Marker, LoeRtion. Marine 
Mk 2 Mods 0 and 1 ••••• 

Signal, Smoke and Illuminating, 
Airc~aft Mk 5 Mods 3 and 4 ••• 

Signal, Smoke and Illumination, 
Aircraft Mk 6 Mod 3 ••••••••• : 

Marker, 'Locat ion, Mar ine 
Mk 7 Mods 2 and 3 ••••• 

Marker, Location, Marine 
Mk' 9 Mod 0 •••••••••••• 

* Mark~~, Locotion, Marine 

Mk 25 Mods 0, 1, 2 and 3 
* Marker, Location, Marine 

Mk 58 Morl 0 ••••••••••• 

* Signal, Smoke, Aircraft 
Mk 89 Mod 0 •••••••••• 

Signal, Illumination, Marine, 
Mk 3 Mods 1, 2 and 3 ••.•••• 

Signal, Smoke and Illumination, 
Marine Mks 51, 52, and 53 Mods 

.Marker, Location, Marine, 
Mk 26 Mod 0 and Marker 
Location, Submarine, ••• 
Mk 75 Mod 0 •••••••••••. 

(Continued) .' 
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List of Pyrotechnic Items Produced (Continued) 

Title 

Signal, Smoke, Marine 
(Submarine) Mk 2 Mods 0, 1 
and 2" .. "." .. " ..... """" ..... ,, .... 

* Marker, Location, Submarine 
Mks 21, 22, 23, 24, 76, 77, 
78 and 79 Mods 0 ••••••••••• 

* Signal, Smoke and Illuminating, 
Marine Mks 66, 67 and Q8 ••••• 
Mods 0"""""""""""" .. ",, .. ,,"""""" 

Signal, Illumination, Marine 
Mks 41, 45 and 46 Mods 0 •• 

w Marker, Location, Marine, 
Mk 28 Mod 0 and Marker, 
Location, Submarine, Mk 80 
Mod 0" .. """"""" .. "",, .. ,,",, .. ,,"" 

False Target, Submar'ine 
Mk 2 Mod 0 ••••••••••• 

Marker, Location, Marine 
AN-Mk 1 Mods 0 and 1 •• 

* Marker, Location, Marine, 
Mk 1 Mods 2 (Green) and 
3 . (yellow)""""" ... """""" 

Marker, Location, Ma~ine 
Mk 8 Mod 0 ..... " .. "" .. "" .... 

Bomb. Photoflash M120.~nd 
M120Al " " .. " ................ " .. " " .. 

Cartridge, Photoflash H112A1 
Series •••••••••••••••••••• 

C~rtridge, Photoflash M123Al 
Series •••••••••••••.•••••• 

Cartridge, Signal, Practice 
BombMk 4. Mods 3 and 4 ••• 

Cartridge, Signal, Practice 
Bomb, Mk 111 Mod 0 ••••••• 

* Marker, Location, Marine 
Hk 38 Mod 0 ••••••••••• 

Signal Assembly Mk 25 Mod 2 
Unit, Color Burst Mk 7 

Mod O •••••• ~ •••••••• 
Signal Assembly Mks 39, 40, 43 

and 44 Mod 0 •••••••••.••.••• 
Signal, Smoke and Illumination, 

Marine Hk 55 Mod 0 ••••••••••• 
Signal, Flash, Guided Missile 

Mk 33 Mods 0 and 1 ••••••••• 
Signal, Flash,'Guided Missile 

Hk 37 Mod 1 •••••••.••••••.• 
Signal, Flash, Guided Missile 

Hk 42 Mod 0 •••••••••••••.•• 
Unit, Color Burst Hk 1, 

Mk 2 Mods 0 •••••••••• 

Title 

Unit, Color Burst Mk 3 
Mods 0 and 1 •••••••• 

Unit, Color Burst Mk 5 
Mod 0."" ................ " 

Unit, Color Burst Mk 6 
Mod 0 .......... " .... "." .. 

Marker Kit, Location Mk 19 
Mod 0.""" ....... ,,"""""""""" 

Projector, Marker Mk 23 
Mod 0 ........ " .... " .... " .... " .. " 

Signal, Float, Torpedo Mk 21 
Mod 1. ~ " .. " ................ " ............ ' .. 

* Flare, Target~ Mk 28 ••••.•.• 
Flare, Guided Missile Mk 21 

Mod 0 ........................ '" " ...... ~ .. " 
Tracer Mk 21 Mod 0 ••••••••• 
Flare, Guided Hissile Mk 27 

Mod 0 ••••............•... 
Tracking Device, Smoke, Mk I 

Mod 0 ............. " .. " ............ ·"",, .. .. 
Flare, Guided Missile Mk 25 

Mod 0 ••••••••••••••• ~ •••• 
* Flare, ,Decoy, Mk 42, Mk 43, 

Mk 46 and Mk 47 Mod 0 •••• 
Flare, Guided MLssile Mk '23 

Mod 0 •••••••••••••••••••• 
Simulator, Detonation, 

Explosive Mk 2 •••••• 
Simulator, ~ooby Trap, Flash 

Ml1 7 •••.••••.••••.•••••••• 
Simulator, Booby Trap, 

Illuminating M118 ••• ' 
Simulator, 'Booby Trap, 

Whistling M119 •••••• 
Simulator, Projectile, Air 

Burst M74Al ••••••••••••• 
Simulator, Projectile, Ground 

Burst M115A2 ••••••••••••••. 
fimoke Pot, HC, Mk 3 Mod 0 ••.• 
Grenade, Hand, Smoke, WP, 

M15 ••.•••••••••••••••.• 
Smoke, Pot M6 •••• ',' ••••••• 
Cartridge, Igniter, Turbo-Jet 

Engine Mk 243 Mod 2 •••••••• 
Flare. Ground, Parachute 

XM-184 ••••••••.•.••.•. 
Light,·Ch~mical, Aerosol 

Mk 11 Mod 0 ••••••••••. 
• Marker, Location, Chemical, 

Mk 46 Mod 0 •••••••••••••• 
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,/ Jan F~~ ~r Apt Ma~ Jun Jul Aug SGp Oct foJov C9~ 

RecJ..1hroated loon • • • • 
('.ommen Loon .. >I" ....""", 

Pied-DIled Grebe ,- .. ._ ..... 
Homad GraM 
Ame~Bittem • • •• 
Great Blue Heron 
Great~gret -
UttJe Slue Heron -
Green Heron 
yeflow-crowr~~ .. <t"'lght·Heron .. .... ... ........... ........... .. -.......... " .• . ...... ........ .. A' __ _ . 
Saridhil Crane lee • • 

• • • • • • • • • • 
Snow Goose ~ 

Canada Goose 
Wood Duck .. -
Green-winged Teal 

_0..-___ .. -_.-
. American ~ack Duck 
MaIfard 
Northern Pintail 
Blue-winged T eaJ 
Northem Shove!er 
GadWaD .. 

American Wigeon ,. 

C~ ., . 

Redhead • w",- -
Ai .. lU-(~ Out;k 

Greater ScauP 1!ll1lJ' pill 11m ~~.....,.. ~~-

lesserSca~ 
King Eider i 

I •• • • 
Common Goldeneye 

_. 
t--.";"-

Bufflehead 
Hooded Mernanser 
Common Merganser 
Rod-breasled Msrgansar 

I 
~ 

I 

Ruddy Duck 
I "'. . ... ~ ............. 

Turkey Vutture .. _ ...... _ ..... -... 

Osprey 
, 

. ! 

Bald~le 
! ._- -. 
I 

Northan Harrier I , 
Sham-shinned Hawk I 

'"'TYlrlR"S Hawk 
Red-shouldemd Hawk 

, 

• Broad-winged Hawk 
Red-tiled Hawk 
Rough-legged Hawk 
Golden~e 

1-
Al'Mtnm K~rP.I ... .. - - . .. .. -- .... 
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" ~an Feb Mar Apr Ma Uun IJul- Aug se1 Oct N~ Dec 
Ring-biled Gull 
Herring Gull 
Rook Dove 
Mourning Dove 
81ack-bined Cuckoo 
YelJow-bIlled CUckoo 
Eastem Screech-Owl - --
Great Homed Owl 
Barred Owl 
Lm.:teared Owl 
Norlhem Saw-whelOwi • • • • • • 
Common Nighthawk 
Chuck-wirs-widow 
Whip-poor-will 
Chimney Svlift 
Ruby-throated Hummingbird 
Belted Kilgfisher 
Red-headed Woodpecker --... 
Red-beRied Woodpecker 
Yellow-belned Sapsucker --
Downy Woodpecker 
HaIry Woodpecker 
Northam Ricker 
Pileated WOQdpecker 
Eastern W()()d..Pewee 
AcacfJan ~lAU..l ~r 
WIow Flycatcher 
Least Aycatcher 
Eastern Phoebe 
Great Crested Ayca1cher 
Eastem Kingbird 
Homed Lark 
Purple Mattin 
Tree SwaJlow .. _ ... ___ "W' _ ..... 

f\k). Roug..winged Swallow 
am SwalOlN 
BamSwalow 
81ueJay 
Amerfcan Crow 
carOlina CtiCkadee 
Tufted Titmouse 
Red-breasted Nuthatch 
Whfte-breasted Nuthatch • Brown Creeper -
carolina Wren 

.• ,................ "..'. I r..~ '''''' ''''An .... 
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_ .•.. _-------------_.--_._----_ .. _-

" ~an 
I-eb Mar Apr May Jun Jul Aug Sep Oct Nm Dec 

BTue-winged Warbler 
Gofden-winged Warbler -
Tennessee Warbler 
orange-aowneci Warbler 
NashVIlle Warbler 
Nor1hem Perule -Yellow VVCllUft'Jr 

-Chestnut .. slded Warbler 
MagnOlia Warbler 

-Cape May Warbler 
Yellow-rumped WarlJ!er .' " " 

-eJaCk-throatecJ Green Warbler 
Blackbumian Warbler 
Yelow-throated warbler 
Pine Warbler 
Prairie Warbler 
Palm Wal'b:er ( 

Cerulean Walbler 
BIaCI<-and-Whlte Walbler 
American Redstart 
Prothonotary Warbler 
Worrn-eating Warbler 
OVenbird 
.'turu ""II Water thrush -
louisiana Waterthrush 
Kentucky Warbler 
Common Yelowthroat 
Hooded Warbter ... 

Wilson's Warbler 
Ye8ow-breasted Chat 
Sl.I11lT'19( Tanager 
SC8r1et Tanager 
Northern cardinal 
Rose-breasted Grosbeak 
Indigo Bunting 
RufOU&-Sided TOWhee 
American Tree Sparrow , 

Chipping Sparrow 
Field Sparrow 
Vesper SparwN 
Savannan Vf.IW I VVY 

Le Conte's Sparrow -
Fox sparrow . 
Song Sparrow .. - .... 

LncoIn s sparrow 

t...u_ .... II __ ~ ___ .·.J __ : __ __ ..I ___ !1/.l ___ ! __ tn __ l.1·. 1T"'1r1 n /,-, .. ,............,-.., " ". .,.., - - .- - .- - - -
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NAVY NATURAL RESOURCES AND LAND 
MANAGEMENT PROGRAM 

Page 5 of7 

-_ .. _---•.. 

The Navy and Marine Corps manage more than four million acres worldwide. Much of this 
land is located in sensitive wetlands along valuable coastlines, some of the most 
ecologically significant areas in the world. The location of these real estate holdings makes it 
imperative that the various military missions are planned and executed in harmony with the 
environment. It is a Department of the Navy goal to promote an environmental protection 
ethic within the Navy workforce. 

The Department of the Navy supports numerous partnerships with other Federal, State, 
local and private resource groups to promote such programs as the North American 
Waterfowl Management Plan, Neotropical Migratory Bird Conservation, Wetlands P 
rotection and Enhancement, and Watchable Wildlife. 

To succeed in its mission, and to earn public confidence, the Navy must emphasize natural 
resources stewardship in every aspect of its land use. It does. Come see for yourself and 
discover our resources. 

.. .. 
" .~ 

G 
II 

~------------------------------~~ 

• 

. , 
../ .... 

______ ,-=-===-=-===============W1=l=D=TV==R=K=E=YS=============._= __ =_=._= __ = .. =._,----.1,-,. 
I NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 
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If!II~ltliilltll'111~~~~II~~~~i\'~~!~~~~[;~~~1~1'i%~;~~)i 
I 

The U.S. Navy and the National Fish and Wildlife 
Foundation are coope'rating on an international 
program to promote conservation of neotropical 
migratory birds. For more information, call U.S. Navy 
at (703) 325-0427 or NFWF at (202) 857-0166. 

Back to C.ontents 

07/?Q/?om 
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• ( IV. ENVIRONMENTAL SETTING 

A. Meteorology 

The NWSC is located in a temperate climate zone with an average of ~4 

inches of precipitation annually (Ref. 3, p.5-6). Temperatures vary widely 

throughout the year with a mean winter low temperature of 26 degrees fQrcaheit 

and a mean summer high temperature of 89 degrees farenheit. The humidity is 

generally high, ranging from 40 to gO percent (Ref. 3, p. 5-6). Winds in 

'southwestern Indiana are general~.y from the south southwest at an average 

speed of 8.2 mph (Ref. 21, p.354). 

B. Floodplain and Surface Water 

The facility is characteriZed by well developed dendritic surface 

drainage (Ref. 3, p. 5-19). There are five drainage b.asins. consisting of 
,-

seven streams, that carry surface water off site (Ref. 4, p.14). Flow within 

the drainage basin~ is generally toward the southwest. The following is a 

list of drain~ge basins and the general area that each encompasses within the 

site (Ref. 4, p.l4). 

Streams Site 
Drainage Basin Within. Basin Drainage Area 

Basin I Furst Creek Northwest Section 

Basin II Indiana Creek EztZ'eme Eastern 
Section 

Basin III Sulphur Creek Eastern Section 
Little Sulphur Creek 

Basin IV Boggs Creele Central, Southcentral 
Turkey Creek Sections 

Basin V Seed Tick Creek Southwestern Section 

4-1 
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Bo99s Creek and Turkey Creek provide the primary surface drainage pathways for 

the facility. The facility's water supply is from Lake Greenwood in the 

northwest corner of the site. Lake Greenwood is an 800 acre spring fed lake 

that discharges to Furst Creek (Ref. 3, p.S-19). Figure 2 provides the loca

tion of the surface drainage basins at NWSC. 

Sections of facility property bordering the surface drainage, rOlltes at. 

NWSC are within the 100 year floodplain. According to NWSC's Part B Permit 

Application, ~here are DO hazardollS waste units located within the 100 year 

floodplain (Ref. 6, p.B-7). 

C. Geology and Soils 

The NWSC is underlain by sedimentary rocks of lower Pennsylvanian and 

upper Mississippian Ages. With the ezception of mino~ ou~wash and lacustral 

deposits in the northwest corner of the facility, ~ere are no Pleistocene 

glacial deposits covering ~he site (Bef. 19). Sllrface deposits at NWSC 

consist of recent (Holocene) and Pleistocene unconsolidated alluvial silt, 

sand, and gravel and residual soils developed from the underlying rock (Ref. 

4, p.10). 

The soils covering the NWSC belong to the Zanesville and MuskiDgum 

Soil Series (Ref. 4, p. 10). These soils are characterized as dark organic 

silt loams with underlying mottled tan to gray clay with varying percentages 

of silt and sand. Soil thickness is variable with values ranging from less 

than one foot to over 40 feet (Ref. 4, p. 10). 

The sedimentary bedrock beneath the facility dips gently to the vest 

southwp.st. The inclination of the strata reflects NWSC's location on the 

ea~terD flank of the Illinois Basin. This section of the basin is comprised 

of Pennsylvanian and Mississippian strata consisting of shale, sandstone, 

limestone. and coal (Pennsylvanian) be~s. The PenDsylv8nian Mansfield 

. 'Formation( Racoon Creek Gr.oup) .. unconformably ove. r ~Jes~h~M_iss.i.s~ il>~ian . 

Stephensport and West Baden Groups (Ref. lB. Plate No.1 and p. 151) at the 

site. 

.4-2 
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The Mansfield Formation has two distinct vertical divisions (Ref. 18, 

p.86). The lower division is comprised primarily of sandstone while the upper 

division consists of predominantly shale and mudstone (Ref. 18, p.86). Thin 

bituminous coal beds are prevalent throughout the formation. 

The Stephensport Group conformably overlies the older West Baden 

Group. The Stephensport Group ha3 five formations of which three are lime

stones and two are interbedded shale/sandstone formations (Ref. 18, Plate No. 

2, p.13, 52, 56, and 87). Similarly the West Baden Group consists of the 

alternating carbonate/clastic lithology characteristic of the Stephensport 

Group with one ezception. There is a noticeable lack of limestone tracer beds 

within a southwest trending linear area of the West Baden Group. This area, 

that outcrops northeast of the site, is referred to as the West Baden Clastic 

Belt (Ref. 18, p.43). The Belt consists of sandstone with adjOining banos or 

silty to sandy shale within the Elivren Formation (Ref. 18, p.43) • 

. ' 
D. Groundwater -' 

Groundwater resource~ at NWSC have not been studied eztensively 

because ·the facility utilizes surface waters from Lake Greenwood for human 

consumption, process operations, and recreation. However. the existing lith

ologies. occurrences of springs and seeps. and the veIl developed surface 

drainage indicate the existence of groundwater that is hydraulically connecceO . 
to the surface eQvironment. 

According to a Naval Assessment and Control of Installation 

Pollutants (NACIP) study, the groundwater at NWSC is divided into two 

regimes: one associat~d with soil/alluvial cover and the other associated 

with the bedrock (Ref. 3. p.S-22). This s~udy reports that shallow ground

water is generally transient .,ccurring during high precipitation periods. 

Free water within alluvial deposits is likely to percolate into bedrock or be 

discharged into intermittent streams along alluvial - bedrock contacts (Ref. 

3, p.S-22). Table 1 is adapted from the NACIP study, it e%h~~its the general 

1(at.t;lrbf;!arin.gprgp.~~t~e.s o~ .. th:.~~luvial deposits·a.nd bedrock ac NWSC. 
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Email from Douglas Johnson to Phil Keith. February 23, 2000. 

Subject: Info on Rockeye bomblets. 
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Keith Phillip A CNIN 
From: Douglas Johnson [dgj156@crane-snltp.armY·/TlIIJ 
Sent: Wednesday Fehruary 23. 2000452 PM 
To: 'Keith, Phil' 
Cc: Nina LaMar 
Subject: Info on Rockeye bomblets 

Phil, 

Here's what I found so far on the bomblets: 

Nomenclature: Bomb, Anti-tank, Mk118 Mod 0 Loaded Assembly DODIC ??? NSN: 1325-00-X96-7043 (local stock # assigned at Crane) 
Total Weight: ???.---.-.~ 
N~W: 0.41# Comp B or Octal + fOg' g ains_CH-6 J' I \ .~ 
Nina, ~//.---- ~ 0, 0 9-
Can you fill in the DOOIC and total weight info? I don't have a copy of the drawings available. If you don't have this info, let me know and I'll research further. 

Thanks 
Doug Johnson 
SIOCN-SF 
854-1481 



Shouse, Steve. Personal interview. March 18, 2003. 



ti. .... • Intelview Record 

InstallationJRange or Site: NS WC Crane, Indiana 

8-143 Drop Test 

Date/Time: March 18, 2003 

Person Conducting the InterviewlTitle/Organization: Denise Tegtmeyer, Malcolm Pirnie 

Person Being InterviewedlTitle/Organization: Steve Shouse 

Reason for Selecting Person to Interview (i.e., Years at Installation, Position, Previous 

History, etc.): Fonnerly trained at the B-143 Drop Test 

Interview Notes (i.e., Range History, Ordnance Types, Land Use, Historical Records/Mal 
Available): 

- Currently an Engineering Technician 

- Fonnerly trained at 8-143 Drop Test 

- Used 1968 to 1980 

- Rockeye Bomblets (mark 118, Mod 0) - only 

- pre-anned 

- vacuum tube 

- building was 15'x IS' (had controls for tower) 

- 40 ft. tower (now at OT A) OTA= ordnance test area 

- concrete pad 

- currently near B143, small ordnance component testing (linear, ED, etc.) 

1 



• Keith Phillip A CNIN 
From: 
Sent: 
To: 
Subject: 

Sherry, 

Keith Phillip A CNIN 
F(lday, Nc')ernber 03, 2000340 PM 
rvlcCahili Sherry M I\JOSA 
RANGE SURVEY 

I lucked out - Tom happened to call in so I asked him about the B-141 Drop Test range to clear 
up the inconsistency in answers for sections, VI.A vs, VI, E, 

The answer for VI.A was marked NO because there was never an investigation done on the B-
143 drop site range, VIE was marked YES because Tom thought we could investigate the B-
143 drop site range when the RFI for SWMU 18/13 is undertaken, SWMU 18/13 is designated as 
Load and Fill Area Buildings and is in the same general area as the B-143 drop site range The 
Load and Fill Area Buildings were identified in the lAS report. 

I ,turned-Up a copy of the lAS report and read the descriptions for the Pond 330/333 and 
Conservation Dam No. 2845, also Lake Greenwood. I believe Pond 330/333 is the sedimentation 
pond to capture sediment from the NW corner of our Demolition Range. Apparently the 
Conservation Dam No. 2845 was used for limited testing but none of the folks I talked to when we 
were collecting info for the Range Survey ever mentioned it as a test location. 

I had collected some information on Lake Greenwood - it was used from about 1954-1958 during 
two summers to test Marine Location Markers (MK5-4, MK7-2, MK6-3). About a dozen markers 
were tested each time and they tested about six time each of the two summers. The markers had 
wooden bodies and were recovered. Around 1958 there were about six experimental underwater 
illuminating flares tested - they contained Mg, NaN03, and polyester binder - and all parts were 
recovered. They loaded the items into a boat and put them over the side to test them. The test 
location was about 200-300 yards off-shore at a deep spot (-30 ft.) near the dam. Bernie Douda, 
a Senior Engineer in the Code 40 pyro group provided the information. His number is 812-854-
3420. 

None of these locations meet your definition of military range because they were never 
specifically designated and set aside for range use. Conservation Dam No. 2845 has always 
been open to employees for fishing and Lake Greenwood has always been used for recreational 
purposes as well as our drinking water supply. 

Hope this helps. 
Phil 
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Email from Jack Kramer to Phil Keith. March 27,2000. 

Subject: Re: Navy Range Survey. 
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• iKeithPhillii))~~;CNIN.,:;·'.\ " •....... 
From: . Kramer JackW CNIN 

.......... 

Sent: Monday, March 27, 20007:33 AM 
To: Coyle Robert W CNIN; Keith Phillip A CNIN 
Subject: RE: NAVY RANGE SURVEY 

Bill Felton? Now that's a name I haven't heared in a long, long time. Is he alive? I don't know. 
As for any records of what was tested back then. They just don't exist. 

As far as I know, the drop tower area was never "contaminated" with explosive material. All 
dropped items were removed and thrown away. If they contained explosives, they would have 
gone to CAAA (Ordnance Department at the time). They would have destroyed them. How I am 
not sure. 

Other than Bob, I can't think of anyone that is still here that was around at that time. Boy does 
that make us old. 

Hope this gives you enough information. If I can think of anything else I'll e-mail you. 

jkramer 

-----Original Message---
From: Coyle Robert W CNIN 
Sent: Friday, March 24, 2000 5:25 PM 
To: Keith Phillip A CNIN 
Cc: Kramer Jack W CNIN 
Subject: RE: NAVY RANGE SURVEY 

Phil, 
I know we talked over the phone, but I will put comments after your questions in case 

there is additional info I can provide. 

Robert Coyle 
812-854-5501 

-----Original Message----
From: Keith Phillip A CNIN 
Sent: Thursday, March 23, 2000 10:22 AM 
To: Coyle Robert W CNIN 
Subject: NAVY RANGE SURVEY 

Bob, 
I am trying to complete the Navy Range Survey that OESO developed: I am working 
on data for the B-2044 drop tower complex. Jack Kramer told me you were probably 
the best point of contact for historical information. Some questions from the survey 
that you might be able to help me with: 
1. Range established -1951? (provided by PW planning dept.) OK 
2. Range last used -1973? (provided by Jack Kramer) OK 
3. How often was range use? Daily, weekly, monthly, other? It was used 
periodically, but I would estimate about 9 days per month. 
4. Are there any historical records of range use? NO Who keeps them? 
5. What type of records (if any) were maintained? Any records were summarized 
showing items performance and would not had addressed where the test were done. 
The actual data sheets would have shown the location, but would not expect those to 
have been maintained for more than a few years. 
6. What type of ordnance was tested? 20mm cartridges only? Mostly CAD/PADs 
and 20MM. 
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7. Estimate of avg. annual gross weight tested? Wt of 840 Lbs. For CAD/PADS 
That is assuming 0.5 Lbs per item, 20 items a day, 7 days per month. 

Wt of 250 Lbs for 20 MM. Assume 
about 2500 per year and Wt of 0.1 Lb. Per fuze. 

Total wt of 1 ,090 Lbs 

8. Estimate of avg. annual NEW tested? NEW of 42 Lbs. For 
CAD/PADS That is assuming 0.025 Lbs per item, 20 items a day, 7 days per month. 

NEW of 9 Lbs for 20 MM. Assume 
about 2500 per year and Wt of 0.003572 Lb. Per fuze. 

Total NEW 51 Lbs 

9. Was range debris removed? Yes What happened to it? Visually inspected for 
residue and then put in trash. Any recycling through DRMO? In the later years 
when we had dent plates and things that had a lot of metal we started sending to 
DRMO. But that was about the time we moved this type of work to OTA, PTA then. 
would not expect more than a few pallets ever went to DRMO. We were not into 
recycling and environmental at that time. In most cases we were not even protecting 
ourselves from residue let alone protecting others. 

Jack also mentioned that there was a launch pad that was used to launch a steel 
mass. I walked the site and didn't see anything that looked like a launch pad. I 
noticed an I-beam rail with a movable carrier/pusher. Any enlightenment on these 
features would be helpful. 

The I beam was used as a rail to propel carriages as a velocity measurement in 
the test of CADs. It was replaced by a launch pad. The pad was removed when we 
stopped testing. These test and hardware were moved to OT A and then later were 
moved to Indian Head where the test are still being performed today. 

Am trying to wrap up data collection by 3/29 so I can get the survey to B-1 for review 
and signature prior to the 30 April submission deadline. I know you are on the road 
and very busy but it looks like "YOU THE MAN" on this one . 

. As a POC at Indian Head for additional CAD info, I would suggest LCOl Joe Schuppel 
(he is an AF Officer and the deputy PM for CAD/PAD). His phone number is 301-744-6636 
DSN 354 and his e-mail isschuppeljn@ih.navy.mil<mailto:schuppeljn@ih.navy.mil>. 

Phil, that is the best I can do. I am copying Jack on this e-mail in case some of this might 
jog Jack memory of any thing else that would need to be added. 

Also, Jack if there are any files they would be in 405's area. I do not take info with me 
when I leave an area. Always thought the following person would need them. Would you 
check the repository there? 

Appreciate your help, 
Phil Keith 
x-6157 
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.~Keith 'Ph'iili.p:':A':C,NIN·»::: . "', .: ".: ,-
From: Trout Mary M (Linda) CNIN 

.... ,.... ".::., '". -: .: ...... ; ." ":'": .. 

Sent: Thursday, March 30, 20007:48 AM 
To: Davis Jeffrey M CNIN 
Cc: Keith Phillip A CNIN 
Subject: FW: DROP TOWER 

Jeff - Could you please take care of this and answer Phil? 
Phil - I am sending this to Jeff Davis, Code 50. He will be able to answer your question(s). I am 
Code 80. Thanks. 
-----Original Message-----
From: Keith Phillip A CNIN 
Sent: Wednesday, March 29, 20003:02 PM 
To: Trout Mary M (Linda) CNIN 
Subject: DROP TOWER 

Linda, 
I left you a voice mail but it may have been unclear as to what I am trying to accomplish. I am 
completing a Navy Range Survey for NAVSEA's environmental office. They are collecting 
information on Navy military ranges that are currently in use or have been used in the past to 
test/train with/dispose ordnance. 8ehind 8-2044 there is a drop tower (8-2795) testing area that 
was used to test 20mm cartridges and CAD/PAD items. This facility is still there and Harold 
Stone in PW planning tells me that Code 50 owns it. I found out information on testing that was 
done from 80b Coyle and Jack Kramer. I need to enter this information onto the survey forms. 
There are different forms to use depending on if the facility (range) is in an inactive status or if it 
has been permanently closed. I am trying to find out which status applies to the drop tower area 
behind 8-2044. 

Thanks, 
Phil Keith 
x-5157 

#~ f)Ch~ ,,_~u. c-f .y3 0,/'" 0. :;CL~P t. ~~ 
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Notes from interview of Retiree by Steve Shantz. March 16,2000 . 
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Table of Contents: 
Project Source Data - Pyro Areas Outside Test Burn Pad 

There are no site specific references for the Pyro Areas Outside Test Burn Pad. All source data is. 

provided in Appendix B, Project Source Data - General. 
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Table of Contents: 
Project Source Data - Test Pads on Hill Behind B-198 

1) Naval Weapons Support Center, Crane, Indiana. Special Job Procedure; Procedure for Testing 

of 2. 75-inch warheads at Test Site Behind Building 198. April 18, 1983. 

2) Ordnance Environmental Support Office, Activity Files. List of Items Tested to be Tested at 

Ordnance Test Area, Rocket Range, B- I 98 R&D Test Area. Date Unknown . 



• 

(,. 

Special Job Procedure; Procedure for Testing of2.75-inch warheads at Test 
Site Behind Building 198. 
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SJP: '596' 
DATE: 18 April 1983 

SPEC:AL JOB PROCEDURE 

PROCEDURE FOR TESTING OF 2.7S-INCH WARHBAD 
AT TEST SI1E BEHIND BJILDI~G 198 

! 

~Frepared by 

Applied '~ciences DeJar.tm=nt 
Naval Wea~ons SupportyCenter 

Crane .. ·r nd.i-cri1a 

Prepa red by iZ4U-@ 1i7ylLe.-l 1a6frJ 'j{, J Oa t 

Approved by ;,J dk":"1<- jJ. /(-1t c(l/i.(/;, 'i2fl/8 .) 
'ate 

Approved by ~:\ eP4'ft2. O!'!'.~D L..R--.~ l/-.1~-'6::3 
t'O.n.:. .... t:lvo' c:: c:::. ,nO""\I~c::nV"i Date 

~-,ls-=- B.3 
Date 

I .~ r.;(.t{~r~.~ ;<.Y, //,rc1'f?:~/# Wf (r.3 S:0'9' h .> x ""!1!11 rIlC:+\o'.".H.lnl McNulty ::.+t/ ..J 

Approved by \it~Y;;:;~~tt2~~M~'_ .... _._ ... \ ~J"!.f!!jj 

Approved by ~"V~~..-:. S-/Cf-t53 n;n~ l"'Tmtlnt ni\""Artnl'" 1 71 /"\_~-

i. 
f 
F 
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ASD ~j!I2A!\D AllAl YSlS 
IlW.CC :;100/23 (3/82) 

S.j;· "TITLE: Procedure for Testing of 2.75-Inch Warhead 
---
;1 r~'i) 110. PAGE REF TITLE 

_lie" PAGE TITLE TRIGGERHIG EVEIITS 

1 c, d, e t Current in firing ·leads, static 
and f electricity 

,- 2 Step 1 Current in firing leads, staiic 
electricity 

2 Step 2 Current in firing leads, static 
electricity 

-' 

• I I 

.. 

• 

1 SJP NO: l<;qfi ~TE: 18 April 1983 
1 -- -- -

IIAlAnD AlIAL YST: 

CHECKED BY: 
ACC. HAZARD 

ACCIDENT'S CONSEQUENCES PKUtl. CATEGORY 

Ignition of blasting cap ACC III 

Ignition of blasting cap ACC III 

Ignition of blasting cap ACC III 

-



• " 

. : 

SJP: 1596 
DATE: 18 April 1983 

PROCEDURE FOR TESTING OF 2.75-1NCH WARHEPB 
AT TEST SITE BEHIND BUILD INC 198 

1. Purpose: The purpose of " this Special J"b Prccedure is to establish a safe method of testing and dispos:ng of DaYBlo dyes, Solvent Yellow 33, MIL-STD-3284 (Red)". " 

2. Scope: This procedure applies to all personnel assigned to perform the operations described herein. 

3. RespJnsibilities: 

a. Project Engineer - The project "engineer is responsible for any changes or variations of the test procedure routing. 

b. ~ontrol Technician - The control technician is respJnsible for conducting the test procedure and for understanding and complying with the requirements of NAVWPNSU?PCENINST 5100.'2B. 

4. Equipment: 

a. !'iring Box 

b. Stand 

c. !lasting Cap (M6 or stronger cap) 

d. ladio 

5. Description of Work: 

a. All personnel will retreat to a firL.g si:e (troile,) specified by Code 506: and approved by Code 0412. 

b. :est technician will ensure the firing device is turned off, firing leads are disconnected and properly shunted. 

c. ilace blasting cap in steel tube or behind barricade (M6 or stronger cap). 

d. Froceed with prL~ing by attaching cap lead wires to ground strap. 

e. lttach blasting ~ap to shorted lead vires and remove ground strap. 

f. 7ape cap on or i~to unit wiich may contain C-4, Baratol, or TNT explosives. 

g. Proceed back to trailer and assure a~l personnel are inside trailer. 

h. l"nshunt firing hads and a:tach to f:.ring box. 

• 
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SJP: 1596 
DATE: 18 April 1983 

PROCEDURE FOR 1ESTING OF 2.75-INCH WARHEAD 

AT TEST SITE BEHIND BUILDING 198 

i. Gi~e countdown a~d fire bl.sting cap. 

j. In caSe of misfire, see MiEfire Procedure. 

6. Misfi:e Procedure: 

Step 1. If blasting cap report is not witness~d: 

a. Try firing t.o more tirres. 

b. If still no report, walt twenty minute •. 

c. Shunt firing leads and remove bad cap. 

d. . Repeat steps a through j above. 

Step l. If blasting cap report is witnessed, but high explosive fails to 

detonate: 

a. Wait twenty minutes. 

b. Repeat step b of Step 1. 

c. Remove un·it to a safe area into a: container for further disposal 

at area approved by Code 0412 and Code 0924. 

7. Pollution Control 

a. BEfore firing target marker, spread sand around firing area to a thickness 

of 3 inchES to 6 inches and to a circular dianeter of approximately ~OO feet .. 

b. W!-.en instructed by Code· 0924, remove upper portion of sand are., making 

Sure to remove pigment thlt has bee~ dispersed onto the sand. 

c. Place "wasted sanj" in a location which will be specified by Cede 0924. 

d. Ite "wasted sand" will then be disposed of by Code 0~24. 

8. Safety 

a. Safety shoes and 61asses fo: explosive hanclers. 

b. Test technician wUl have approved respirator and will give the "All-Clear" 

for next test. 

c. Area safety rules apply (see Step 6) 

d. Fire "Stand-by fo: Test" • z.'} • 
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SJP: 1596· 

DATE: 18 April 198; 

PROCEDURE FOR rESTING OF 2. 75-INCH WARHEAD 
Ar TEST SIT! BEHIND BUILDIHG 198 

e. Radio for outside help if needed. 

f. Building 198 supervisor will be cont,cted prior to testing to see if any devices sensitive to radio signals are being used in Building 198. 

g. Radio shall not be used within 300 feet of· Building 198. 

3 
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Hazard Control Briefing Form 

1, Job or Pr~ject 

2.75" Colored Target Harker Program 

. 2. SJP or Authorization Title and 110. 

3. Description 

. A. S~etch (attach if avail abl ei. Attached to work authorization 

B. Assembly Hazards 

Avoid breathing and skin CO:1tact with dust from dye pellets. l-ccidental 

ignition of unit is possibl~. 

C. S~quence of Events when Functioned 

The item is functioned through use of a blasting cap detonating the C-4 

booster which then·detonates the Baratol imploding charge. The imploding 

charge sublimes the dye pellets which for~ a colored smote cloud. 

D. Performance 

The dye pellets. I:ecome an aerQsol cloud up:m detonation of the' 

inploding charge. 

4. Special Hazards 

The dye may be carcinogenic. Avoid breathing and skin contact wib the dye. 

Dye may be- eye and s1:in irritar.t. 

5. Hazards of Chemical Ingredients and/or Conlbustion Products 

The dye pellet dust should not be breathed and not allowed to contact skin 

as it might irritate the skin. 

6. Results of Accidental Activation 

The'dye pellets woul1 become an aerosol. Fra&ments fron the metal case mi~ht 

'cause death. All spilled composition or pellets shall I:e cleaned up with a 

compCSition brush an:! conducti'Je dust pan. Cotton coveralls or sr.opcoat 

to be worn during C-4 operatio], .=--c. 
...: Enclosure (1)' ) •

'~" 
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, Because of he large number of pignents and colorants (considering co~or and type) v.hich Day·Glo Color Corp. offers, it is impractical to conduct toxicity tests 6n all items. . We have, however, had toxicity test run on what we consider to be representative sampl:=s, and the following tests results have been reported: 

z 
Acute 
Oral 
Toxicity LD 50 g/l<g> i6.0 2J1 10.25 
Acute 
Dermal 
Toxicity LD 50 g/kg> ~.o 10.2 10.25 
Acute ) \ Dust 
Inhalation LC 50 mgfL air> (:{hrs.) 3~ 1.1 

No )i'g. ( 
mild.y Eye 

'i~ta. irril irri· Irritation tl n tat,inCj tating 

The representative colors which were tEsted in each s~ries cc'·.tain the same dyes and resin . . matrices similar to'ihe other pigments or colorants in the series (except Signal Green and Horizon Blue). but in diferent proportions. Signal Green and . Horizon Blue materials contain aboLit 1 percent of a pthtaJocY:lnine green or blue toner. These loners are not considered toxic materials.' . None of the pigments are radioactive nor do they contain any inorganic phosphors, lead, or mercury. We do not add metals to our pigments. (n an analysis which we made of one of our pigments, metals, if any, were reported only in trace a;nounts, 

.) 
V A-YC,L (? 

G -;;oft $ GlZH2==:::::.::r:t, .iI" 

TOXICITY 
IfSf"'M," t ;Z'M'yltl :w:.CI: 

\ . :' 
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7. Hazard Data (If not available compare kno,m fo~ulations if possible) 

See attached. 
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Building Supervisor Signature 
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QPERAT,OR SIGNATL'RE SHEET. 

'~ SOP/SJP/AUTHORI7~TrQ" 

Startino Oat!!: Estimated Ccmoletion Dat~: 

Hazard Briefing' (hour;) 

-
- Opera tor SUPERVISOR. -. 

This is to certify that I have 1 have conducted drills/practice runs read, cnd Z. understand, the pro- ,and/cr ob~erved,operations to assure the cedures. I have rece'ved a, person whcse signature appears to the lef hazard briefing and understand can perform the pl""o:edure, descdbed:_ 
t 

the potential danser.s. , , 
I 

--- ... . 
SIGtlATLRE DATE' SIGNATURE: DATE R~M.A.RKS 

, /I 
II ' . 

. 
" : . ; 

, . I . 
. - , 

. ' 
, . 

. . ' .. 
I . , : . . 

. -
I ... 

, 
" . :. II 

' , 

/I 
' . 

U . . ' . 

Enclosure (2) 
n 



-

• 

R'i'" l_r,IETIIYLAi\UNOA,NTBR,\QUINONE 
(1_l'i_l\lrlhybuliIlOalllhraC]uillllll~' Cclliton l'ink fl, Durmnl Ilr.d Gj';, i H·I,411A 

C.1. 60505, C.1. Di"Jlcrsc Hell 9) 

Fcrmul,,: C",l!Il NO, f: NHCH. em 
'. II 

o 

Specification No.: . MIL-D-382-1 
Spec. covers t\l'O grades diffcring in gr~ndation. 

::'blecular Weight: 237.11 -
needles 
yellow-red Crystalline FOlm: 

Color: 
Dmsity, g./ml.: 

Apparent Density: 
Coefficient of Thermal Expansion: 

Heat of Formation: 
F~ee Ener[r)' 01 Formation: 

Entropy: 
?>lelting Point: 

Spec. grade II, min.: 

Heat of FusioT.: 

(Spec) 0.35 ::!: .15 

4430K (FOCC) 
4420K (169°C) 

Boiling Point: 
Heat of Vapori:ation, Kcal./moleatZ5°C and 1 atm.: 28.4 ::!: 0.7 

Entropy of Vaporization, vapor at 1 atm., 

cal./mole/·C: 
Eeat of Sublill1'1tion: Kcal./mole; 
Hcat Content or Enthalp);: 

Heat Capacity: 
Decomposition Temperature: 

For TGA see Ref. 80 
Decomposition Products: 

52,87::!: 0.30 

30.85 

Vapor PressuI:: log"P (cm Hg) = t+ b 
a=-614C; b = 13.435::!: 0.036; T =abs. temp. 

Energy of Activation for Volatilization (97% purity), 
Kca\.!mol! at 297-3760 C: 19.6 

X-Ray Cr)'st.~lIogtaphic Data: 

Hygroscopicit! : 

206 

S~V1-! 

81 

81 

:.;.ddn1. Ref. :. 

Addnl. Ref .. _ 

Addnl. Ref. : 

Addnl. no:. 

80 

l .. !\felh:rJal 

SolubiJit,· 
In We 

In alc 

InCH 
In ;,eJ 
In fun 

Health Ha: 
Spe~. : 
Skin ( 
tion." 

Safety Clll! 

~:: . OSM: 
.~~. ICC: 

Fire and E 
ElectrosClti 

U~e in Pj'rl 

Additionzl 1 
" 
.~;. 

.i:\,,=," 

j: 

1) "Va 
1':8, 

2) "Th 
G.F 

3) ",\.: 
m:m' 
SO!} •• 

4) For 
5) J. So 

l 
~ 

:.::\ .) 
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·c. 1 
f.l 
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..... ;:: " .''" ..... '' .. ~,;: ....... , .' ... ~ "----': 

1·:.rolhyl.minoanlJu:aquinone (pa:;e 2) 

s· .. U;iJity Dnta: 
,n water. gJIOO ml. at ~5°C: 

at EO°C: 
In alcohol (abs.) at 60°C; 

!:l CRCI,. hot dil. Hel, glacial acetic acid: Ia bmzene: 
In tu:ning H,SO.: 

H:cith Hazard: 

< .C002 
O.CO055 

14.£6 gJI. 

soluble 
soluble. red 
soluble, light yellow 
toxicit\· unknown ::;pec. requires each contniner be conspicuously -labeled. "Lautlon-n.vOlO ':kin Contact or Breathillg" of Dust or i'umes. Use with Adequate VentiJ&:'In.'' 

~' .. "Y Cl<.ssiiications: 
; OS~: 

not listed 
notliited 

~ . ~CC: 

I fi:'~ and E:<plosion Hazard: 
E!wrostatic Sensitivity: 

~ 
'j 
, 
i 
1 

j 

L, in ·pyrotechnics: 

.. .. :;::onal Heferences: 

to color smol:e 
mixtures led 

:) "Vapor Pressures of Scme Dispersed Dyes," R. S. Bradler et al., Xatul"e 174,99.8 (1956) , 
2) "T'.e Dyeing Phenomer,1I of Acetate Artificial Silk," V. KlI"tasehoff ani. G. :arine, Helv. Chim.Acta.ll, 822 (1928) 

.3) "A Hadioactive Ionization Gauge and Its Applica:ion to the lIIeasure· me~t of Latent Heat of VlIporization," J. H. Benyon al;d G. n. Xichol. son, J. Sci. Instruments 33, 376 (1956: 
J) For Absorption Spectn. see Ref. 66 
5) J. !:oc. Dyers Colourists70, 68-77 (1954) , 

Addnl. Ee!. 5 

92,88VHI, 
84 

92,93 

, , 
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1 , . 
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!~'~: .. · .... k·. .... '. J 
}d highly vi~ible color for 50 to 90 second:. The data from the yellow-smoke-formulation studi~s are 
~)"esented in lable A-I. appendix 'A; the data from green-lmoke·formulation studies are presented in 
ible "'·2. appendix A. The results of the preliminarv formulati~n studies ale summarized as follows: ~ (a) SuifLiI and sodium bicarbonate were unacceptable as fuel and :oolant. resp~ctively. 
'JellolV-smoke gren'ades lTIade with sulfur or sodium bicarton~te (or both) burned u~evenly and the 
koke color \105 faded. Green-smoke grenade! made with sulfur burned unevenly and D few exploded. 

i 
. ~ (b) Powderecl sugar (sucrose) and magnesium carbonale were the best fuel-coolant combi-

~tion tested. Excellent smoke clouds of bright yell.olV and greer colors were produced. :-he optimum 
~rmlllJtions are shown in table:: . 

i 
~ 

Table 2. Improved Yellow- and Green-Smoke ,"Ii,: Formulations for m 8 Grenade 

Yellow SmOke XII 
Ch~mical ingledient Specification 

teo Solvent Ye:low 33 DOD-D-51485 

reo Sol,ent Green 3 MlL-D-003277 

'I' Parrs by I 
! weight 

I I 42.0 

I -::I . '9uS\lum chlora:e MiL-P-lSO. Grade B. 
j 
i 
I 
I 

2~.0 
OJSS 7 

. I ~""i'm ",bo"" : MIL-M-l1.361. Grade BI 21.0 

i?wdered sugar I JJJ-S-79I. Type!. r4 Class (d) I 
15.0 

Tokr~ce 

±1.0 

11.5 

±~.O 

::1.0 

Green Smoke VII 
Pa~ts by 
weight 

1~.5 

~.5 

~u 

17.0 

lU 

Tolerance 

i\,. 
±0.5 

±I. 0 

±1.5 

!~.O 

::Ol.O 
tl>T~: All proponhns of potassium cluo,3!e and .uBar 10 other insreCienls- ';',i be varied 10 yield the required burn 

11 time. but th, ralio of po.assium cruorale 10 sugar must be mailtlincd in the proportions specified in tne taole. (cJ The oxidizer-fuel ratio (potassium ~hlorate-sug:lr) lVt.ich gave thE best grenade 
ilrfeormance' was determined to be 1.5: I. This is ~onsistent ",ith common practi~e according to 

lern. 6 
. 

(tI) Lactose was not acceptable as a f~l. Althougn lactose was .prefer.cd over suc~ose. as 
~. f:>rmer is nonhygros~opic. yellow-smoke gren;]des incorporlting Iictose burned unevenly and sever,l 
ren'smOke grenades exploded. 

j (d Dextrin is not recommznd~d as a ~olvcn( Y~llo.v 33 diluent. although its usc is allowed 
Illre otha standard military smoke dyes. The presen~e of dextrin :n the improved smoke mLxes was 
~und 10 hJve a si;nificant effect on I.!renade burn time. Althcugh Slllokc mixes were sllcccss:'lIl1r 
:rrmulalcd which contained ~ or 4 percent dextrin. tlte potcn:ial fOI proJucilJility problems !xists 
lh<rc the Jc~trin (On tent varies from lot to lot cf dye. L 
1 
I 

I , 

.) 

\ 

( 
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(b) Reliability 'Ispeets. The r~liability of th: improwd sreen-s,"okc gren~de W;)s not 
significantl~ uiffcrent·from tha of the sta)d~rd green-smoke grenade. ThE uiffcrence in owr;11I reliability 
cstimat~ betwc~lI slundard and improved y:!lIow-smoke grenades was insignificant except that standard 
[.!rcn~des o).Jlperformed improved grenades after hot rough handling and arctic storage. 

1I.lzanis classific~tion testin!!. CI,ssilicalion 0:' the bulk yellow ant.! green pyrotechnic smoke -;1 3.3.2 
.~ 1Il1,IW':S ;111.1 Ihe .:nd ilem improved gren~d~s w~s l.complish,d by .:v~lu~lion of I.:sl d~IJ obt~ined in 
j ~~,ord~llcc ",illl chapler 5 of DOD Explo~ives Classific~lion Pro.edures (draft) d~l~d ~fJrch 1979. ii Uui~ mi.\lurcs wer~ subjecled 10 cilrd g~p, cktonation, ignilioJ: and unconfined burninc, imp~ct, <lnd 
~ Illamal siabilil,· t~sts. P<lckaged end-it.em ~Jenad: tfSts included single pack~ge, stack, lnd e.xtcrnal.lire 
~ sl;ld. This lestin~ was perform!d at the N<tional Aeronautics and Space Administration National Space II T"-:!lIlOlol!Y Llbo~alories, l\'STL Station, 1>Ii;sissippi. The conciJsions. whic!: are publish,d in a US Army 
~l Arnwn.llt Hcscarch ilnd Develcpment Commalld .onlra:tor report," state that both ~ulk mixlllres 

.1 could 11': ;1,".~II.:d a probable D')T Class C IDOD Class :.3) and tlwt both grenades COJld be a5Si~ned 
:~ a ['",(1:111 '" [OOT (lass C (DOD Class 1.4). These clJssifjcation lssi~nm~nts are the same as those for 
;1 111,' 1i;lI1d:trd ,·cllow and green bulk mi.xcs ~1d end item mUllilons. The r",ults of the :eSIS wer~ 
.. ~ Ir"II'IIII1I ... 1 Ihroueh Ihe CSL SJfctv Office 10 Ihe Field Safel\' ACli"itv, Charlestown, hdiana. " _. .. 
~ 

.1; 3.J~J Toxicological testing. The candid~le repl~cement Sol'ent Yellow 33 dye, whi:h was prown 
, t~.:hni.:aJl~' ~(.~pl~ble, must also be shown t:J be nononcogenic and of min:mal toxicity. Alchough 
~ ·101 part of 11e ~t.\!T 5791403 projep effort. a medic~1 :I'alu~tion program (~IEP)" has been planned 
~ ·slli.:h wili prJl'ide for a· toxicolo~y data base to ~nswer :lIes~ (.u~slions. The ~IEP rOClll~S on industrial 
~ ,il~ ,'x I'<.l'ur~ to Ihe worker and the en\'ironU1~ntal. cOllscqu~n.ei of industriJI waste and fallout during 
·11r:llll))I~. The lJS Army .\·kdical ~esearch and Developm~nt Corr.mand (USA\IRDC) through the US 
; Army \kdi.:al Bioengin~eril1g Relearch and Cevelopment Laboratory (USA~IBRDL), Fort Detrick, 

:: )Iarybnd. will provide the heulth Ilarard asse;~m~l\t rel)ui~~d 1'01 the repla.c:nclH smoke formulatiolls. 
". ~um~ pr~liminary toxicological investigations ha\'e been cOll1pleted or are in progress. A literature review 

cf Iii, lo.~i,iIY of D&C Yellow 11 was accompli,!teu by SRI Il1lern~llional.3 T,hcir report W'lS primarily 
a reYlCW of u~ta submillcd to tile Pharmaceu:ical ,\-IJnufacturing Association by llazdtol1 Laboratorks, 
In •. The SRI 'eport concluded tt.at the available data ind:cate that D&C YeJow II is of very low 
toxidty. Resc<rch Division, Toxioology Branch, CSL. is pdently testing both Solvent Yellow 33 ~nd 

.!I S:>lvent Green 3. Results to dater indicate the dyes are of low loxicity. Studies of the combustion 
smoke ;Iaosols have commenced Iiso. Additionally, mutagenicity testing was recently begun by Oak 

HI Riu~c .\alional ~aboratory, Tennessee •. und~r contract to USA~IERDL. . 

4. DISCUSSION OF RESULTS AND BENEFITS 
,nch ' 

Ihe 

The performance ,lIld hazards classification kstin~ of the improved ycllow- and green-smoke 
formulalions have shown that the formulations arc safe and effec:ive. The im?roved grenades perform 
as r.:quireu in .'.IIL·G-(:!]:!6HfMU)7. and produ:e smoke co:ors which, although ·slightly different in 

I I' Ikhll)'I". F. L ARR,\DCOM Cunlr';lor Repon A:l.·TSO·CR. li:Ulrds ClmllicJllon TellIng for Bul~ P),rolcchOlc 
I ,.111.\1111<1 anu End IlelTI •. Febluary 1981. UNCLAS~JFI[D Reron. 
!T ('1 .•• \lJnJL! ... ·nh..'nl rim (or H ... ·dlh:ln~ ToxicilY ~fJz:lrus of 1\(II1~' IIIVL'IllUl)' PyrClcchni.: SmoJ.;" Scrl' .... ml1g. ~IHk.ing 3nd 
i . SI~nJJhll~ I)'''(el. ORC'P\f·S.1I K. Prop;1 ~bnJg<r SnlUke!OulCuI.1I1l1. ~ April 1980. 
i1AC.R.3 t LII.,. lJRO\nCLU·TE. CII,mi,," S)1ICmS Labufllory. 1(1 Jul\' 19SI. SU'!"I: SlalllS I',"I'UII on CSL TOXI,II), 
[ ,S!:h1h,:S ~\"I!h. TI r ...... • Dj'L'S. 

I 

I ' -' •": 
! • 
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MEMORAN:JUM 

From: 50 
To: ')924 

• 
DEPARTMENT OF THE NAVY 
~AVAL WEAPONS SUPPOP,T CENTER 

cRANe, INCJAHA 4752.2 

IN RI:,.LY U"ER TOI 

508T -535: slt 
8050 
25 Janjary 1984 

Subj; ?ossibility of Testing Smoke Candles at Building 198 'Dye Test Area 

1. The~e exists a problem of ,smoke filtering into the Building 190 and 
Building 198 areas fron the burning of ~moke candles in the 8uilding 198 
area. This problem has'been discussed during the Employees', Supervisors', 
and the Departmental Safety Council Meeti ngs. Due to the tieather conditions, 
Appl ied Sciences Department employees have been asked to clieck the wind . 
direction prior to burning smokes. For a "long term" solution, it has been 
suggested that the dye test area behind Bullding 198"be utiliZed, for an 
a lterna:e burni ng area when the wi nd di recti on is toward t1e above areas. 

2. It is requested th,t 0924 eval uate the use of the dye test area' east 
of Building 198 for the burning cf smoke assemblies and ca1dles. 

3. Any additional infcrmation can be obtained by contacti19 Steve Schantz, 
Code 50S!, extensions 1251 or 1022, ' 

~-=-?CD. ~OBINjON 

• 
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fNf~' i)!:it 
itH 5\:):; 

$ti!;J: Variil.:.lC~ f(ir t;~li h!lr.g l~ill Ti,st fll'NI 

;j~~4-ccA:~ 
llJ.qfi 

2 0 J~N 1984 

lief; (1.1) nli24 :lu!,.\O flf 11 A"~;i5t ha3. ~.ilj: VaM(lllCtl fol" f'J"cti:)~ Test~n-;J at 
-'irea AJjlicant ~ ihH1~1"9 l~i; 

1. In ·tl~1" to outaill A 1arillnce f~~ t.M :>t<.w fm' tw..thliJ Ill' flll'rtly tJevr;lOi1c>j 
itR.;;;n Cit 6an\jill~ 138. tft! 1nfornatioll Gutl h.\\(i in l"atGNnC(l (n) sil:Jll1t.l ~ 
S\.u...ittttC to 091.4 Itt tbl! lIilrl il3st ~oss1~j .. liatll •. lith ;,\au !!houl::l ufJ I.t, 
!>puett:!::: <:5 po!;sEJie. 

~. f0r z:l!iitioi\.lll inf-ur..atinn ~I'lceraillt til1s !>~Pject. ~Irttt'r. ce .. tt.~t Cathy 
i\niro'q:;. !!:;l4. i~)ltei'llio:; 3114/H.32. 

J. D. ~A1US 
t.(l~; tG: 
~(n; (f. ~(;jJ()~rj) 

.:~I 

OCW4 

i~ e/ 
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rE!IDIWIOtw. 

FI"Qil): ~9t4 
1(11 5!IS (T. Mo/l~lllery) 

• j 

0924-Jfi ;ae 
11346 
11 AUG l~I:SJ 

$utj: Variance for futlctfe.'1 tastinlj ~t test IU'Y1l adjacent 'b:I 11IrJ1dtng lliil 

1. Tile fnv1l"OMefltlil Protection ~r4IlCt'l f.4An1l.oer (tcdt 0924) h4\$ d&uril1liSd fl"OlU 
n!vi.av1ng .t.'e State Ail" Pollution Control 1a~fS that a variance is I'ilqu1l"ed for 
1unction tast1ft\j at an area adjacent to Building ua. 
Z. It ill rr..q!lest&d tllat the fol1D~i~ fl1iamation tit 6UlP".d.ftW. to Coda ti924 
far t!IOSII ul.its/fttlliis to he testfJd hl the Illlltt jellr: .,. 

Jl.Nsr.lli flf 1tei9 ttl be tested 

h. l'hblwer (}f units pelt eacb iter;! tooe tested 

c. We19ilt aJl(j ~sltton of eac:l unit 

d. L.~t~ uf bUfn/te5t 

3. ThiS 1Rf'oF§l!U01I IIn1 ~ slii.:m1tte~ by Code tlY24 to tiuJ Ail" !'ell uti on 
tCJltJ'Cll ilOard. Illdialiil Stat.! ~ari:.l of lieattnto ~itt!ltn tAe fiilCCSSIU·Y varbltC$ 
feJ" tasting. . 

4. If YOII :llIve (jJly questfollS ~roillg tllis Y,"t please c;Qf1tat:t Cedi! 09,45. 
Jla Hunsicker» ~lttension 3114. 

c. c. A:~WE\iS 
I4l1flagel' 
£Qvt~RtAl ProtectfOIl Ilranc:h 

• CA~'-I 
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FrOill: il9 
ro: 50 

o g24-CCA:ac 
11346 
o 6 ~t.d 1984 

5ubj: Testing of SllICka CflALlles at !lull-ding 1ge Uye ~Ul'$t lest Fll~i1ity 

R(:f: (n) 5{) HeDlO of 25 Jail 1904; Subj: F'oss1bl1ty Cif Testing Smoke Candies l1t 
. IMldiny 198 Dye Tast Area 
(b) 0924 ~ of 11 Auy 1983; Subj: Vari4nce.for Functfon Testing at ~rea 
;' Adjacent to fMhling 198 
(c) Q)lZ4 KIlQO of 20 Jan 1984; Subj: Varhnce for 8ul1dtfl!J 198 Tellt Arl!ll. 

1. Refari!lice (i.I) reqUClit5 thlt usage Qf tl1f! 2..7 - 5- ~hllad .t!yt! color bl,lrst te~t 
(ired nortl:ieast of 13utld1llll 1S8 for tM tOlit1ug of smcko ~!l"dles~ The use of this 
site will craate additionallinviroroool1f;al and huardtiWi ~iu;ta dispoSlllproblC£ls •. 
Ti:e dye·burst area "as constructed with a sand floor to facilitate 41sposal of dye 
u1lbris alldil drainage collection bas·l" to col1tro.l corttaminatcdra.ur-off •. Currently. 
roands l$i!llknow!I COiIIpOS f tiotls c.r:d relativoly iII$cluble cOJl1il()I1eQts :aretniYl{l 
tested lit the color blIl"Slt e.rea. Adverse envirolltll2nbl ~nditiOlls ON! thus . limited 
and d1sPCiSill of conUJoil1!t:ed lllIltarials is easHy fac11itated. 

2. The~I!$t1IlY of nauly de'll!loped Sl'ilIIl:!! candles at tllO!dye wrst ,test fac11fty W111 
rllsult in the lipread of an ullfll"C!di' .. tllble myriad of troubl~liOIll~fah' bOrne ponutant~ 
to II fleW.lirea. resultiny tn additiona1 contamination of lanli an1'ttater' l"(liOUrces. 
hi rv.f'ereuces (b) and (e) 0924 raque.stnd specific informeti<>n Ujl·thfi! ty~£ and 
CCllr,)Ositions of SIIiOke items W 110 tested ill ol"dllr to ob~1:I Il YlIl'i4flce from the 
Stolte of Indillna. Tilts infuma.t1onh~ flot yet baeD received. A r~r~eritativtl 
of 505 verbal1y illfOf'tlOO 09Z4 that tlliiSiI cOI!ipQs1tfons are variej and Are not oaslly 
pred1ctal>1e. sil\~ they rCls\llt ft'ON CI'Intinutng research arId deviloj')mant wovk. '. If 
the <iya.burst ·test faciHty hi us~d fQr a vlIrlety of l',Yl'Otecbnt~·1teDls;~s.s;ir:H,e 
aaturial .'co;;.patab1.lity ,-roblewlS alid c!!1f.teulties with tile disj»sal of .S4Jid and 
cllntalliinatet! ~lIter fro1lI tbe drli1nagf1 of the area 11111 also result. This will' 
contribute 'tamora WGrK $to~;ages tlliO would be eJ!p~rienccoj· by mnd factors 
ullscri!rcd in l'eference (6). 

3. fiecaul!e~f tjlE~ prolllellls described above. I t is rs:ol5llefided ~hllt the test areas 
r~lJiJlsapul''\lti:J and d1stillc;.t 'Arid uSt!d for their (lri!ii~al illtenued pUrjli3S11$. 

J. D. FAR1S 

.,; 
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'!j 5317E/289E 

~'18 SNOKE WIND GRENADE 

(GREE~, YELLOW, RED AND VlOLET)M .j 

1. General information: This grenade is designed to' be used by surface or 

air craft for daytime signaling purposes. 

a. Can produce either a green, yello'il, red or vio'et smoke. 

b. Burn time: 50-90 seconds 

c. Size: 4.5"H X 2.5"0 

2. Number to be function tested: 

a. Approximately 315 grenades each of the yellow, red and green smoke 

wi'1 be tested at Pyro Test ,l.rea. Onl) 128,grenc.des containing violet smcke 

are to be tested. 

3. Total weight of smoke in grenade: .- .. ' 
a. Each grenade contairs 11.5 ounces of either red, green, yellow, 01' 

viJlet smoke mixture. 

U. Smok~ Composition (Percent by Weight) 

i' 
·.ll:i_ 

t' 
[ 

Ii 

"-'''''''''-'.~- .. .J~.l,!. ~~~l,~~L.: .. _.~_ .. *" .... "'''''.-- .. ~. "'42 :: lJ.B~.· . ~ 

~~~~~;I ~ ;, ...... ,~'1:·t'.;.;,I·l~ '~;(::!\;. ... !.'-'':1':'' 

. (d) Sodium Bi"carbonate . . 

( (2) Yellow smoke) ,I • 

'.. . 38.5 ~ '1. yJ 9'ZJ 
(a) Dye I1lX.cur~ 65 0 

Dye, Benzanthrone 35' 0 

Dye, Vat Yellow 4 ? '0 

(b) Potassium Chlorate -~'5 

(c) Sulfur 33' 0 
(d) Sodium Bicarbonate . 

((3) Red Smo.ke) 

(a) Dye, Disperse Red 9 

-:::::.:::;.~~E;:~~::;T.;,;.~:.::::;. f~~ ~~f:~;ium Chlorate 

-.-.... ~-,,--.-. ,.''--.... . (d) Sodium Bicarbonate 

40.0 
26.0 
9.0 

25.0 

~". :. ",:~: 

.~~~~.:iJ.~. . .. _'~ .. '" 

:: <f.~ "P' 

.... -._._-... , 
., _ ...... ~ .. ~. __ .. ___ ,._. __ ....:..o-.-:. 

-. :.~,.tiiw.···:··;·;.=~_~i::::::t:;:2~~:~~.~.t;(:~:;:f.;;;;;',~~~;l~::t.;
;:~rt~~ I , 

I 
I 

•
-~ 

) 



• •. ; 
; . 

.) 
.I 

/ 
531iE/<!89E 

/ 

M13 SMOKE HAHD GRENADE (continued~ 

(Percent by \'Iei ght) 

(4) Green Smoke 53.0 = ~./ '0' 
(a) Dye t1i:<ture 53.0 

Dye Solvent Green 3 4:. 6 
Dye, Benz3nthrone 20.1 
Dye, Vat Yello':1 4 3:.7 

(b) Potassium Chlorate 2[.0 

(c) Su lfur 3.0 

(dy Sodium Bicarbonate 13.0 

''>. ~~.::::-' .:::-::~: .• \. .~:;-'''''''''; ~'>';">,:);o.'~:.."'" .:0-.:.0:--............. ~~~ . - ", . 

:~~;t~1j7:"z.:o:.··;~~·;r-~~=·~;!:;·=-~:~;:~;;l;.~~·;;:~~~;;~r,~:~~.~;~~ ... ; . .:-~~._;.,:.~.~, .:~ - :.; ••. ~.:~"":..: 'J..',.~ ~,; :';.:;::"'-;'.~)J:':; 
_ .. ~.'I.--r.. ... _1,.._.'.·.·.: .. _. 

;~~~;~;;;;; 

·.~;;'~j;!~~r.;J.~0~-::~· .. :~-... , .. ~ .:t: .. ,::~· .~. 

/t{~7;;::';0.·;;Z:~:·~;"~··~~·.~. _ ..... . . ... ~~.~ ..... --'-... ...., ... -- ..... -..... :-.~.~ .. ", : ....... -..... :~ .. \." . .. ---_ ........................... ". 
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List of Items Tested to be Tested at Ordnanc~ Test Area, Rocket Range, B-
198 R&D Test A~ea. 
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LIST OF ITEMS TO BE TESTED AT 

~RDNANCE TEST AREA 

ROCKET RANGE . 

.' B-198 R&D TEST AREA 

71 03E/q·61 E 
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7103E/461E . A. Ordnance Test Area 

'-'.:1." ,:' •. : ..• " ~,-.;..:.: ' ..... 

AN t-1 7 
AN M 8, HC 
AN N 37 

CXU 3A/B 

~X 131 
EX 132 

LUU...,2 

H 1 A2 
M 2 A1 

. M 3 
M 4 
M 6 
M 7 A2 .. , 
M 7 A3 
M 18 
M 25 A1 

MJU 2 
t~JU 8 

MK 1 ~lODS 
MK 1 ~jOD 0 
MK 1 MOD 1 
~1K 2 Frag Grenade 
~1K 2 MOD 0 
MK 2 1·100 1 
MK 3 
MK 4 ~10D 3 
MK 5 ~100 4 
MK 6 MOD C 
MK 6 MOD 3 
r~K 6 NOD 4 
I~K 13 MOD 0 
MK 18 
MK 21 
~lK 22 

. MK 23 
MK 23 NOD 0 
MK 24 
~1K 24 MOD 0 
MK 25 MOD 2 

PAt~AM MK 2 

SOU-28A 

... :--

AN ~1 38 
AN ~1 39 

CXU 4/8 

EX 214 (Seagnat tartridge) (Sea9~at Cartridge) 
EX 216 

N 34" HP 
M49 A1 
M 67 
M 110 
M 112 Al 
M 117 
M 110 
M 123 A1 
M 125 

-.. 
~lJU 18 
NJU 21 

.- .-
MK 25 MOO 3 
~1K 26 
MK 28 MOD 3 

.. 
-., 

,-

MK 33 MOD 1 (ZUNI) 
MK 38 
MK 39-0 Booster 
MK 45 
MK 45 ~iOD a 
rv1K 46 1'100 1 C 
MK 46 MOD 2 MK 47 
MK 50 MOD 0 
MK 58 I'~OD 0 
NK 58 f~OD 1 
MK 58 1'100 2 
MK 66 
MK 67 f~OO 2 
MK 75 I~OD 0 
MK 80 
MK 89 
MK 91 

' .. .:.. ... ' .. ~ '.' : ,-

. M 125 Al 
'M 126 A1 
M 127 A1 
M 128 A1 

'M 129 Al 
N 138 
M 158 
M 159 
t4 257 

MK 99 
~lK 115 
~1K 116 
MK 117 ~iOD 0 
lt1K 117 MOD 1 
f.IK 118 Rock eye Bomb 1 et MK 118 MOD 0 
~1K 118 MOD 1 
MK 120 
~lK 121 
MK 124 MOD 0 
NK 138 ~1OD 1 
MK 171 Chaff Cartridge (RBCC) MK 171 \'i/RP Load MK 182 W/RP Load MK 182-1 SRBOC 
~1K '186 Torch 
MK 193 ~OD 1 Practice Ch~ff MK 379 MOD 1 AUR 
t:1K 407 MOD 1 PO 

.... ::-..;;. \ .. :." 
.=..---==-==-,.,.,....,.-=-
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A. Ordnance Test Area (c6ntiriued) 

Active Electronic· Buoy 
Airboc Cartridge 
Chaff Buoy Cartridge 
Counter Arm Decoy 
Demolition Charge Explosive Sheet 
Emergency Incendiary 
. Document Destroyer 
Flexible Linear Demolition 

Shaped Charge -
High Explosive Cutter 
Lightweight Detonation Cord 

B. Rocket Range 

AN-~l 7 Smoke Pot 

EX 131 

LUU 2 

M 18 
M 23 

t-1J.U 2 
MJU 8 

MK 2 ~10D 1 
~lK 6 ~IOD 0 
MK 6 r~OD 3 
MK 6 MOD 4 
MK 7 .. 
MK 13 MOD a 
t·1K 18 MOD 0 
MK 25 
MK 33 MOD 1 

PAMAH ~1K-2 

EX 132 

N 125 
M 127" A1 

NJU 20 
MJU 21 

HK 32 
MK 40 MODS 
MK 45 
MK 46 
NK 46 MOD 2 
MK 47 
MK 58 MODS 
MK 67 MOD 2 
M 74 

Advanced Marine Location Marker 
2.75-inch Rocket 
S.OO-inch Rocket 

C. 8-198 R&D Test Area 

L i qui d' Pyrofori c 
Metallic-Phosphide 
Minuteman Batteries 

7103E/461E 

~linuteman Lithium Battery Cook-Off 
Pilofilm Reinforced Det. Cord 
Pyrofori c 
Seagnat Cartridges 
Ship Launched Electronic De~oy 
2.75-inch Rocket 
5.DD-inch Rocket 
Wircbound Oct. Cord 

~iK 99 
t>'iK 1] 5 
~iK 116 

. MK 120 
MK 121 
MK 124 
~IK 125 
MK 186 Torch 

Compositions of items tested at Rocket Range 
Developmental pyrotechnic formulations 
Dccoy flares 
Illuminating flares 
Dye formulations 

," ~ 

. . •• _'.' •.. ; .. ;:0.:._ •.••• , ' .. '~-!.'.;4;·p' • '.~ • .:....: ... 

. _---_ ... --_._=-.=============--
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LIST .OF CHEr1ICALS USED IN EXPERIMENTAL PYROTECHN IC COMPOSITIONS 
1,2 napthaquinone 
1,2 methoxyphonolazo-2-napthol ! 
1,4 diamino~2,3 dihydroanthraquinone 
1,4 dimethylaminoanthraquinone 
1.4 diparatoluidnoanthraquinone 
1,5 di chl oro-9, 1 O-bi s (phenyl ethynyl) anthracene 1,8 dichloro-9',lO-bis (phenylethynyl) anthracene 1-chloro 9,10 bis (phenylethynyl) anthracene 
2- (4- dimethylaminoazophenylazonaphthalene) 2-chloro-9,lO-bis (phenylethynyl) anthracene 
4 dimethyl ami noazobenzene . ~- . 

. 9, 10 bi s (phenyl ethynyl) anthracene .' 
Acid fa~t violet B.G. .', 
Acid fuchsia ... ' . ~ 'J":;-.: .. "Acrawax 
Acrylonitrile butadiene-styrene '." 
Al uminum .. 
Aluminum oxide 
Amaranth .' ,-0. 
Alri Iloal] Lhraqul none 
Ammonium perchlorate 
Jlmmon i urn. nit ra te 
Ammonium perchlorate 
Ammonium thiocyanate 
Anthracene 

, "::.~ ':,: . Anthraqu; none 
' .... ' 

.... :;" Antimony 
Antimony oxide 
Antimony trioxide 
Asphaltic compound 

'Barium carbonate 
Barium chroma te 
Barium nitrate .. __ . 

_. Barium bxalate 
. Bari urn peroxi de 
Barium stearate 
Benzanthrone, ,' . 

. Benzo (d,e,f) phenanthrene 
Benzoic acid 
Benzoyl peroxide 
Bismuth 

. Bismuth carbonate 
Bi smuth nitra te 
Bismuth sub-nitrate 
Bismuth trioxide 
Black powder 
Borane 
Boric anhydride 
Boron 
Boron (amorphous) 

.... ,. 
,',' .,' 

,', .; ~ 

~ .• i/.:::-'-:·. .1" __ .. ~ ... ----. 
::." ': 

. ;!;r~~~:"4S~;;:·;:;L:'. __ ·~: .::.:....i:. ,~~::~~.t::~::.~~+:~ ~:~-:;.~. ::::- ... : ' ....... : .... -.. 

;';: 
','--' 
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l032g/307G 
LIST OF CHHIICALS USED IN EXPERIr·IENTAL PYROTECHNIC COMPOSITIONS 

Boron ca rb ide 
Boron nitride 
Butadiene-acrylonitrile 
Cadmium 
Cadmium carbonate 
Cadmium nitrate 
Cadmi um ox ide 
Cadmium perchlorate 
Cal dum 

. Calcium carbide 
Calcium carbonate 
Cal dum fluoride 
Calc1um hydr1de 
Cal dum nitrate 
Calcium oxalate 
Cal ci urn oxi de 
Calcium phosphide 
Calcium resinate 
Cal cium silicide 
Calcium stearate 

~ .... ,. . \ 

.'. Calcium sulfate 
Calcium sul fide 
Camphor 
Carbon 
Carbon fiber 

···-Carbon lampblack .. ~-.. -.... 

~ .. 

•••••••• 
.:- : 

Cellulose acetate 
Cellulose acetate butyrate 
Cellulose acetate propionate 

. Cellulose, nitrate - camphor 
Cerous nitrate 
Cerous perchlorate 
Charcoal - activated 

..... ~ .. Cha rcoal - graph ite 
Charcoal - wood . 

. Chlorinated polyethcr 
. Chromi c oxi de 
Chromium 

.Chromium oxide 
Chromium trifluoride 
Chromium trioxide 
Citric acid 
Cobalt 
r.obal t chroma te 
Cobalt naphthenate 
CobaH ni tra te 
Coba It oxi de 
Copolymer of·chlorotrifluoroethylene 

.. ~. and vinylidene fluoride 
Copolymer of hexafluoropropylene 

·······<·'··and vinylidene fluoride 
",.::;.: ... , ... 

. . ... ", 
" . . 
.: ..... '. 

________ -'--______ 2 . __ 

·0 

...... : ... 3SN3dX3 .LN3WN~3I\O~ .LV a3:>nao~c 
. ....... M.·._ .•• ' 
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1 032g/307G 
LIST OF CHEMICALS USED IN EXPERn1ENTAL PYROTECHNIC cmlPOSITIONS 

Copper carbonate 
Copper chroma te 
Copper fl uori de 
Copper hydroxide 
Copper metal 
Cupric oxi de 
Cuprous oxide 
Cycolac 
Decarborane 
Detasheet 
Dextrin 
Dextrose 
ni i'! tnmil r.P.()IIS Pi'! rth 
Dibutyl phthalate : '. Diesel fuel, oil 
Diisodecyl phthalate 
Dimethyl polysiloxane 
Dimethylsiloxane 
ni ocytl adi.pate 
Dioc:ytl ~hLhdldLI:! 

. Oi phenyl ami ne 
Disperse red 9 
nye amaplast yellow G 
nye anthraquinone 
Dye blue dimethylamino-anthraquinone Dye chrome ye1101." 
Dye green 
Dye green-fluorescein 
Dye orange 
Dye red 
Dye scarlet 
Dye sol ven t green 
Dye vat yellow - 4 
Dye vat ye 1 1 ow - 33 
Dye violet 
Dye whit.e antraquinone chlor beta Dye yellow.,. 
Dye yellow dibenzpyrene quinone Epichlorohydri n 
Epoxy adhesives 
Epsom sal ts 
Ethyl cell ul ose 
Ethyl central i te 
Ferric citrate 
Ferric linoleate 
Ferric ox; de 
Ferrous ox ide 
Fluoranthene 
Fluorescein· disodium salt 

....... 

3 .',. ":.~' , . ".'. . '. '. - . . :':~.:~:~-;;:~'.::':.!:~ .. _._:~_:-:~::: .:.: ':.: .. ~_-.:_~:~:~2b.:. ·:·I~:.~: - . 
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l032g/307G 

LIST OF CHEMICALS USED IN EXPERIMENTAL PYROTECHNIC COMPOSITIONS 
Gall ic acid 
Gallium ox; de 
Gl ucose 
Glyceri ne 
Graphite 
Graphite f; ber 
Guanidine nitrate 
Gum arabic' 
Hexachlorobenzene 
Hexahydro-l,3,5-trinitro-s-triazine 
Hexamethylenetetramine 
Hydroquinone 
Hydl'oxyl tel-mina ted polybutlldi ene· 
Indanthrene golden yellO\'1: . 
Indium phosphide 
Indium ox; de 
Iodi ne pen toxi de 
Iodoform 
Iron 
Iron 1 i nol eate 
Iron ca rbony 1 
Iron octoa te 
Iron ux i ue 
Iron stearate 
lactose 
Lead .--....... -
Lead carbonate 
lead sul fi de 
lead azide 
lead chroma te 
lead di oxi de 
lead fluoroborate 
Leau iodate 
lead nitrate 
lead oxide 
Lead peroxide 
lead styphna te 
U nseed oil . 
lithium (pellets) 
lithium aluminum hydride 
lithium carbonate 
lithium perchlorate 
Magnesium carbide. 
Magnesium Do\·,der 
Magnesium carbonate 
Mdgnesium hydride 
Magnesium hydroxide 
Hagnesi um oxide 
Magnesium phosphide 

(RDX) 

.~.i;'.;·,,:~' _, .. ~ .... ':., .. ' •. ,1 ..... -" .: •••• ! ......... ,::-: ..... . 
,..::~ .• t;:::.:::.'--".-' po: .:~:: .'- .• ~.' ...... .• _.~-:...;,::...-i-_~. -"""':2·!:'.:-:-_-:j:j.'J";c:':·~i:'.3 ~..::::~- .. :. 

--"'-_. __ .-.- -.-
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LIST OF CHEMICALS USED IN EXPERIME~TAL PYROTECHNIC COMPOSITIONS 
Magnesium silicate 
r1a g n e s ; urn s i 1 i c ide 
Manganese 
Man ganese 
Manganese 
Hanganese 
Mann; tol 

carbonate 
dioxide 
oxide 

Mannitol hexanitrate 
Hercury fulminate 
Methyaminoanthraquinone 
Methyl ethyl ketone peroxide 
Min.eral oil 
Molybdenum 
Molybdenum dioxide 
Molybdenum di sul fi de 
Molybdenum silicide 
Nickel - black oxide 
Ni ckel powder 
Nickel carbonate 
Wi t.rocp.lllIl oc;e 
Nitroguanidine 

" .. 

Nylon 
Octahydro-l ,3,5 J 7 -tetran itro-s -tetrazoci ne 
Ortho amino azotoluene 

(Ht·IX) 

... Oxal ic· aci d 

•
................ --Pentaerythrite tetrani trate . 

l •...... 
\ ,. 

'.. : 

Pelltaer"ythritol diacrylate" dinitrate 
Pentaerythritol tetranitrate (PETN) 
Phenanthrene 
Phenol-formaldehyde 
Phosphorous pentasulfide 
Phosphorus, red 
Platinum 
Polyamide resins· 
polybenzimidazole 
Polycarbonate 
polyester resins 
Polyethersul fone 
Polyethyl ene 
polyimide resins 
Polymethyl methacrylate 
polymethylene polyaniline 
polymethylene polyphenylisocyanate 
Polyoxyethylene glycol 
Polyoxymethyelene acetal resin 
Polypropylene glycol (diol) 
polypropyl ene, ten i Le 
Polystyrene 

5 __ . 
e a 

.,' "': .... . .' : ~ . -' 
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l032g/307G 
LIST OF CHEMICALS USED IN EXPERIMENTAL PYROTECHNI~ COMPOSITIONS 

Polytetrafluoroethylene 
Polyurethane resins 
Polyvinyl acetate 
Polyvinyl alcohol 
Polyvinyl chloride 
Polyvinyl fluoride 
Pol yvinyl forma te 
Polyvinylidene chloride polyvinylidene chloride/vinyl Potassium 
Potassium iodate 
Potassium perchlorate 

chloride 

potass1um b1carbonate 
Potassium borohydride 
Potassium carbonate 

.. ' . ''',-

Potassium chlorate 
Potassium chromate 
Potassium dichromate Potass i um-- hydri de 
Potassium iodate 
Potassium iodide 
Potassium naphthalide potassium nitrate 
Potassium nitrite 
Potassium oxalate 
Potassium perchlorate Potassi um perman gana te 
Potassium phosphide 
Potassium superoxide 
Potassium sulfate 
Potassium thiocyanate 
Resorci n01 
Hhodami ne "B" 
Rhodium 
Rosi n, po\'I'dered 
Rubidium nitrate 
Rubidium perchlorate 
Sa 1 i cy 1 i cae i d 
Selenium 
Selenium dioxide 
Si 1 a ne 
SHicon powder 
Sil icon boride 
Silicon c~rhide 
Silicon dioxide 
Sl1icone rubber 
Silver 
Silver iodate 

-. '. . 
~ 

----6 ----;;~=.;;;.-;;--:;;;-;;;;,--.;,;--;";;'-..... - ."j-";'-__ ----~. .. ;. " 
.. :;;",:~-,::;~::"'-.j'~;.\:::. : -::;, ..... : .. : .:..;,. .. ;.:~:::.~':..;: .~ .:~ .~-":.--:,,.;.'.~:-:: .. :--':: ;~: .. ,;- .. 3SN3dX3 .lN3WN~3J\09 .LV 03:::>nooCl 
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LIST OF CHEMICALS USED IN EXPERIMENTAL PYROTECHNIC COMPOSITIONS 
Silver iodide 

. Sil ver ni trate 
Silver oxide 
Silver perchlorate 
Smokeless powder (single and double base) 
Sodium 
Sodium oxal ate 
Sodium perchlorate 
Sodium azide 
Sodi um b i ca rbona te 
Sodium borate 
Sodium borohydride 
Sodium carbonate 
Sodium chloride 
Sodium chromate 
Sodium dichromate 
Sodium fluoride 
Sodium fluorosilicate 
Sodium hydride 
Sodium iodate 
Sodium iodide 
Sodi um n itra te 
Sodi um ni trite 
Sodium oxalate 
Sodium perborate 
Sod; um per-ch lora te 
Sodium periodate 
Sodium peroxide 
Sodium phosphate 
Sodium pyrophosphate 
Stannic oxide 
Stannous octoate 
Stannous oxide 
Strontium carbonate 
Strontium chloride 
Str-ontium dioxide 
Strontium iodate 
Strontium nitrate 
Stron t i 11m oxa 1 ate 
Strontium oxide 
Strontium peroxide. 
Stronti um s teara te 
Styrene/maleic anhydride copolymer 
Sucrose 
Sul fur 
Talc 
Tantalum pentoxide 
Teflon fluorocarbon resin 
Tellurium 
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LIST OF CHENICALS USED IN EXPERI~'ENTAL PYROITCWJIC cm·\POSTTTONS 

Tellurium dioxide 
Tenite polypropylene . Tetrachloro-9,lO-bis (phenylethynyl) anthracene Tetrahydro naphthalene 
Tetranitrocarbazole 
Thiourea 
Thorium nitrate Tin . 
Titanic oxide 
Ti tan ium 
Titanium tetrachloride Titanium dioxide 
Titanium silicide 
Titanium tetrachloride 
Tri n-propyl aluminum 
Tri n-hexyl aluminum 
Tri phenyl aluminum 

.Tricresyl phosphate 
Triethyl aluminum 
Trimethyl aluminum Trinitrophenylmethylnitramine (Tetryl) Trinitrotoluene (TNT) Tripht:nyl ptlOsphate 
Tungs ten 

. Tungstic oxide 
Uran; urn ox; de 
Uranyl nitrate 
Urea 
Urea formaldehyde 
Urethanes 
Vanadium oxytrichloride 
Vanadium pentoxide 
Z'j" c; 

'Zinc oxide 
Zinc borate 
Zinc carbonate 
Zinc chroma te 
Zinc oxi de 
Zinc stearate 
Zinc sul fi de 
Zirconium 
'Zirconium carbide 
Zirconium oxide 
Zirconiu8 hyd~ide 
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Ordnance Technical Data Sheet 
U.S. Bomb Unit, Dummy, BDU-28/B 

70MM 
(2.7S IN) 

1. 
(6.70

U
IN) ~ ',', °
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Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

BDU-28/B 
Submunitions 
Not provided 
N/A 
N/A 
785 g 
70.00mm 
95.00mm 
N/A 

BDU·281B 

Usage: The BDU-28/B is a small, Drag-vane stabilized, inert dummy bomb used for 
training ground handling and loading crews 

Description: The body of the BDU-28/B is painted the same red color as the bdu-271B 
but has no circumferential band. The vanes are anodized greenish-gold and the endcap is 
anodized blue. Markings are stenciled in black on the end cap. 

Reference: ORDATA Online, MIDAS . 
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Ordnance Technical Data Sheet 
Octol 

Octol: Better known as 70/30 or 75/25 Octol. A mixture ofHMX (70 or 75 percent), 
and TNT (30 or 25 percent). It is a solid, buff colored, castable explosive used in HE 
shells and as the filler for bombs. 

Reference: ORDA TA Online 
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Ordnance Technical Data Sheet 
Rocket Motor 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Fuze: 

ROCKET MOTOR: (M447) 

O·RING 

GRAIN PROPELLANT 

Rocket Motor 
Propellant Actuated Device (PAD) 
M447 
High-density carboxy terminated polybutadiene, N-53 
2.56 Ib (17920 grains) 
6.36 Ib (2.9 kg) 
4.202 in. (10.67 cm) 
13.3 in. (33.78 cm) 

Usage: To provide stabilization and improved trajectories of the seat escape system. 

Description: The M 119 tip-off compensation rocket motor is designed for use in the Grumman OV-I 
Mohawk airplane on the MD-S5 seat system. The unit provides sufficient energy to stabilize the ejection 
seat in the correct attitude to insure drogue chute deployment in the optimum direction. 

Reference: TM 43-0001-39, TECHNICAL MANUAL ARMY DATA SHEETS FOR 
CARTRIDGES, CARTRIDGE ACTUATED DEVICES AND PROPELLANT ACTUATED DEVICES 
(FSC 1377), December 1991 
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Ordnance Technical Data Sheet 
M21, Cartridge Actuated Cutter 

Nomenclature: 

CUTTER. CARTRIDGE ACTUATED: M21 (M500) 

REMOVE canER PiN . 
BEFORE FINAl. PACKING 
BUT AFTER ASSEMBLING 
CUTTER TO PARACHUTE . ., ,', 

:,' { PR~IIEIi'- ····HOLEF6RREEAOOOOOAtam·.·· . . ' PACKING 
• (OfIKlJ· -

, . ' FIRING-, - . < 

LANYARD . , PIN. , FIlING PIN .PREf()IIMa) PACKlNII 
ASSEMBLY _ RB.EASE· .'. 8PRIIIO,- ", DElAV ASSEMBLY 

, CABU! - .. ". .. 

Eve 
RETAINER 

Ordnance Family: 
M21, Cartridge Actuated Cutter 
Cartridge Actuated Device (CAD) 
M500 - . " ,,'DODIe:·.' . 

Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 

. Fuze: 

Bullseye bl~ck powder 
0.0040 lb (28 grains) 
.7lh 
0}5 in. (1.905 cm) 
6:0 in. (15.24 cm) 
Percussion 

Usage: The M21 reefing line cutter is a cartridge actuated, one shot, disposable mechanical 
unit with the cartridge sealed internally, Major components consist of case, firing pin assembly, 
lanyard, knife assembly delay assembly and cotter pin. 

Description: The M2l reefing line cutter is a cartridge actuated, one shot, disposable 
mechanical unit with the cartridge sealed internally. Major components consist of case, firing pin 
assembly, lanyard, knife assembly, delay assembly and cotter pin. 

Reference: TM 43-0001-39, TECHNICAL MANUAL ARMY DATA SHEETS FOR 
CARTRIDGES, CARTRIDGE ACTUATED DEVICES AND PROPELLANT ACTUATED DEVICES 
(FSC 1377), December 1991 
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Ordnance Technical Data Sheet 
20 mm Cartridge 

CARTRIDGE. 2OMM, HEI·T. M2421M242Al 

('oo.q-MN) 

'

" 8.8151". I 

$ i .. :: .... ~~~·3IIDJ IIY 
I c~~, MID 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Fuze: 

Cartridge, 20 MM, HEI-T 
Pyrotechnic/Smoke 
1305-A659 
Red phosphorus composition 

5.806 kg (12.8 Lbs) 
124.5 mm (4.9in) 
6.615 In. 
Saltwater activated battery 

~RO()l54-A I 

Usage: Mark 58 is designed for use in air/sea rescue operations, as a target marker, and 
as a surface wind indicator. It features day or night operation, and can be launched by 
hand or from aircraft. 

Description: consists of a cylindrical tin can approximately 21.78 inches long and 5.03 
inches in diameter. The can contains two pyrotechnic candles of a red phosphorus 
composition. The ignition end ofthe marker has three holes-two for smoke and flame 
emission and one for water to enter the Mk 72 Mod 1 seawater-activated battery. 
Adhesive foil disks hermetically seal the two emission holes. A reinforced adhesive foil 
strip with a rectangular pull ring hermetically seals the battery cavity hole 

Reference: ORDATA Online, NAVSEA SW0050-AB-MMA-01O, NAVAIR 11-15-7 
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Ordnance Technical Data Sheet 
u.s. FLARE, AIRCRAFT, PARACHUTE, MK 24 MOD 1,2, 2A, 3, & 4 

r---.r--_ .. _· ... _"'-"' .. _-_·--::--;I_. _ \-__ :::-_-_,:r .. u::. . __ -\ 
01 C-:J I~,: ~'1.-:.IJ[_. __ _ 
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Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

u.s. FLARE, PARACHUTE, MK 24 MOD 1,2, 2A, 3, & 4 
Pyrotechnics And Flares 
L421 
Illuminant Composition 
7.30 kg 
12.20 kg 
124.00 mm 
914.00 mm 
N/A 

Usage: The figure shows the appearance and dimensions of the Mk 24 aircraft flare. 
These are air-launched, parachute-retarded flares used to provide intense illumination of 
large areas 

Description: The flare case is unpainted. It is marked in black with nomenclature, 
national stock number, lot number, loading date, loading facility, location of suspension 
bands, and fuze setting and safing infonnation. 

Reference: ORDAT A Online, Midas. 
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Ordnance Technical Data Sheet 
MK 58 Marine Marker 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Fuze: 

MOD' 

MK 58 Marine Marker 
Pyrotechnic/Smoke 

Red phosphorus composition 

5.806 kg (12.8 Lbs) 
124.5 mm (4.9in) 
546.1 mm (21.5in) 
Saltwater activated battery 

{ mlll~ 

Usage: Mark 58 is designed for use in air/sea rescue operations, as a target marker, and 
as a surface wind indicator. It features day or night operation, and can be launched by 
hand or from aircraft. 

Description: consists of a cylindrical tin can approximately 21.78 inches long and 5.03 
inches in diameter. The can contains two pyrotechnic candles of a red phosphorus 
composition. The ignition end of the marker has three holes-two for smoke and flame 
emission and one for water to enter the Mk 72 Mod 1 seawater-activated battery. 
Adhesive foil disks hermetically seal the two emission holes. A reinforced adhesive foil 
strip with a rectangular pull ring hermetically seals the battery cavity hole 

Reference: ORDATA Online, NAVSEA SW0050-AB-MMA-OI0, NAVAIR 11-15-7 
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Ordnance Technical Data Sheet 
U.S. Cartridge, S7-MM, Smoke, WP, 

M308·& M308Al 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

57 mm Smoke 
Projectile 
B590 
Tetryl 
180.00 g (6.49 oz) 
2.50 k (5.512Ibs) 
57.00 mm (2.244 in) 
119.00 mm (8.346 in) 

PD (point detonating) 

Usage: These are Army, 57-millimeter recoilless rifle fired, spin-stabilized white 
phosphorus projectiles used primarily for screening and spotting. 

Description: The projectiles are either gray with one yellow band and yellow markings 
or light green with one yellow band and light red markings. Identification markings are 
stenciled on the projectile. 

Reference: ORDA TA Online, MIDAS. 
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Ordnance Technical Data Sheet 
Grenade, Hand Smoke M18 

GRENADE, HAND: SMOKE (RED), MI8 

Nomenclature: 

SMOI<E 
MIX 

Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

Grenade Hand Smoke M18 
Pyrotechnic 
G945 
Smoke Mixture 
± 326.03 g 
536 g (19 oz) 
64mm 
146 mm (5.75in) 
NIA 

SPRING 

SAFeTY LEVER 

Usage: The M18 is a hand-thrown, smoke grenade which emits red or yellow, or violet 
smoke for 50 to 90 seconds. The M18 may also emit green smoke. These grenades use a 
pyrotechnic, delay-igniting fuze which provides an approximate 2-second delay. 

Description: The M18 grenade may be olive drab with a light green band around the 
lower body and nomenclature and smoke color stenciled in light green, or light green 
with stenciled the color of the smoke. The top of the grenade is painted the color ofthe 
smoke. 

Reference: ORDA T A Online 
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Ordnance Technical Data Sheet 
Submarine Float Signal Mk2 Mod 2. 

PUll 
RING 

PRIMER SMOKE 
POT 

SAFETY canER PIN 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

Submarine Float Signal Mk2 Mod 2 
Pyrotechnics 
Unknown 
Smoke Composition 
Unknown 
1.81 k (4 lbs) 
76.20 mm (3 in) 
472.70 mm (18.61 in) 
N/A 
Percussion 

VALVE 
SPRING 

NOSE 

Usage: This signaling device was designed to be launched at a maximum depth of285 
feet to produce a red, black, green, or yellow smoke display on the surface. 

Description: This signal consists of a cylindrical aluminum tube, which is closed at one 
end by a rounded nose cap with concave center into which the blowout valve is fitted. At 
the base end is the firing mechanism. The case is stenciled to show the color of the 
smoke emitted. 

Reference: OP 2213, Pyrotechnic, Screening, and Dye Marking Devices, 1 Oct 1965, 
Change 19, 1 Jan 1969 
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Ordnance Technical Data Sheet 
Marine Illumination Signal, Mk 2 

~---------------------------2~43------------

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

Marine Illumination Signal, Mk 2 
Pyrotechnics 
Unknown 
Smoke Composition 
Unknown 
31.18 g (1.1 oz) 
22.35 mm (.88 in) 
61.72 mm (2.43 in) 
N/A 
Percussion 

COLOR WRAPPER 
CORRESPONDS WIlH 

COLOR OF SIGNAL 

1 

Usage: This device is fired from Pyrotechnic Pistol, Mk 5 either from the surface or 
from aircraft, primarily as a distress signal. It. displays a red, green, or white star with a 
burning time of approximately 6 seconds at an altitude of roughly 200 feet above the 
point of launching. 

Description: This signal resembles a 10-gage shotgun shell. The primer is ignited by 
the pistol firing pin. The primer ignites a propelling charge, which initiates a quick 
match wrapped around the star composition and. propels the star composition into the air. 
The quick match ignites the star composition. 

Reference: OP 2213, Pyrotechnic, Screening, and Dye Marking Devices, 1 Oct 1965, 
Change 19, 1 Jan'1969 
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Ordnance Technical Data Sheet 
MK 25 Marine Marker 

_ta, 

Nomenclature: MK 25 Marine Marker 
Ordnance Family: Pyrotechnic/Smoke 
DODIe: 
Filler: Red Phosphorous pyrotechnic composition 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Fuze: 

1.678 kg (3.7 Lbs) 
72.33 mm (2.9 in) 
469.9 mm (18.5 in) 
Saltwater activated battery 

Usage: The MK 25 marine location marker is launched from aircraft or surface craft. 
They provide day or night reference points for marking the course of enemy submarines 
in antisubmarine warfare operations. The MK 25 is suitable for any type of sea-surface 
reference point marking that calls for both smoke and flame for a period of 10 to 20 
minutes. 

Description: consists of a cylindrical outer tube about 18.5 inches long and 2.9 inches 
in diameter. A valve assembly is fitted into the projecting chimney at the marker's nose 
end. The smoke and flame are emitted from this opening. At the opposite end is a heavier 
aluminum base assembly to which the outer tube is crimped. Within the base assembly is 
a Mk 72 Mod 0 seawater-activated battery (two batteries in the Mod 2). The battery is 
shielded from water contact by two plugs fitted into 112-inch holes on two opposite sides 
of the base assembly. The words SAFE and ARMED are stamped into the base rim. A 
black rubber O-ring circles the base assembly approximately 114 inch from the crimp, 
which holds the outer case. 

• Reference: ORDATA Online, NAVSEA SW0050-AB-MMA-01O, NAVAIR 11-15-7 
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Ordnance Technical Data Sheet 
TNT 

Usage: Used as Bursting Charge. High explosive rounds, bombs, mines, and parts of certain 
rounds and bomb clusters may use TNT as a bursting charge. Small, highly compressed block 
enclosed in a waterproof fiber container that protects the TNT from crumbling during handling. 
Used as a blasting Charge. TNT is suitable for all types of blasting. It produces about the same 
effect as an equal weight of 50- to 60-percent grade dynamite. It is also used as a surround in 
some amatolloaded ammunition. 

Description: TNT (2, 4, 6-trinitrotoluene) is a constituent of such explosives as amatol, 
pentolite, tetrytol, tritonal, picratol, and Comp B. In a refined form, it is one of the most stable 
high explosives. In the pure state, it is crystalline and nearly white, resembling a light brown 
sugar. 

(1) TNT is relatively insensitive to shock or friction and can be stored indefinitely. When 
unconfined and ignited by a flame, it burns slowly and does not explode. It does however, 
emit a heavy, oily, black smoke. The burning or rapid heating oflarge quantities in a 
closed vessel may cause a violent detonation. 

(2) TNT is non-hygroscopic and does not form sensitive compounds with metals. When 
exposed to alkalies it forms unstable compounds that are very sensitive to heat and shock. 

(3) The melting point of standard grade 1 TNT is 176°F (SO°C). When melted and poured 
into a projectile or bomb, TNT forms a solid crystalline explosive charge. To assure 
complete detonation, cast TNT requires a booster charge of compressed tetryl or an 
explosive of similar brisance. As a military explosive it is very satisfactory. Ammunition 
loaded with TNT can be stored, handled, and shipped with comparative safety. 
Exudation. Ammunition loaded with TNT and stored where the temperature is 
approximately 160°F (71.11 0C) or above, may exude an oily brown liquid. The exudate 
can ooze out around the threads on the projectile nose and the seams of packaged 
dynamite, forming pools on the floor. It may contain particles of TNT and is highly 
flammable. Handling and removing is only by qualified personnel. 

Reference: Military Demolition Material List 
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Ordnance Technical Data Sheet 
U.S. Warhead, Rocket, 2.75-Inch, 

Smoke, MK 67 MOD 0 

loCK 67 MOO 0 

FUZE "D"PTER 
(WElDEO TO 
C"SE) 

FUZE CAVIT'f 
LINER 

DOUBLE 
BALL SEAL 

Nomenclature: U.S. WARHEAD, ROCKET, 2.7S-INCH, SMOKE, MK 67 MOD 0 (WP) 
Ordnance Family: Rockets 
DODIe: H890 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

White or Red Phosphorus 
1.20 kg 
2.00 kg 
70.00 mm (2.75 in) 
328.00 mm 
N/A 

Usage: The figure shows the appearance and dimensions of the Mk 67 Mod 0 and Mod 1 
warheads. The Mod 0 is a white phosphorus (WP) smoke warhead used primarily for 
target marking, or incendiary purposes. The Mod 1 is a red phosphorus (RP) smoke 
warhead used for signaling or target marking. The weight of the Mod 0 warhead is 2.0 
kilograms (4.5 pounds), and the weight of the Mod 1 is 4.0 kilograms (8.9 pounds). 

Description: The Mod 0 warhead is painted light green. It has a red band around the 
forward end and a yellow band around the aft end. The designation, letters WP, and other 
information are stenciled in red. The Mod 1 warhead is painted light green with only a 
yellow band around the forward end. The Mod 1 nomenclature, letters RP, and other 
information are marked in white. Not shown in the figure, are warhead plugs and cover 
caps used during shipping and storage. 

Reference: ORDA T A Online, MIDAS. 
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Ordnance Technical Data Sheet 
U.S. Rocket, 2.75-Inch, Warhead, 

SDloke, WP,~259 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

U.S. ROCKET, 2.75-INCH, WARHEAD, SMOKE, WP, M259 
Rockets 
H116 
White Phosphorus 
1.60 kg 
4.00 kg (8.8 lbs) 
70.00 mm (2.75 in) 
648.00 mm 
N/A 
M446 fuze assembly 

Usage: The figure shows the appearance and dimensions of the M259 rocket warhead 
and canister. This is a nose-ejection white phosphorus (WP) smoke warhead used to 
provide a protective smokescreen. The M446 fuze assembly is setback armed and 
diminishing-setback fired. The warhead weighs 4.0 kilograms (8.8 pounds). 

Description: The nose is light brown, and the body is light green with a yellow color 
band. The designation and other information are stenciled in red. The canister is 
unpainted prescored aluminum, with nomenclature and lot number stenciled in red. 

Reference: ORDA T A Online, MIDAS 
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Ordnance Technical Data Sheet 
HMX 

Description: HMX (Cyclotetramethylene tetranitramine) is almost as powerful as RDX 
(Hexahydro-Trinitro-Triazine), but is seldom used by itself in military explosive 
applications. It is usually mixed with a compound, such as TNT (Trinitrotoluene). 
Variations of such compositions, their properties and uses follow: 

(1) Octol70/30 (70% HMX and 30% TNT) 
(2) TOctol 75/25 (75% HMX and 35% TNT) 
(3) HTA-3 (49% HMX, 29% TNT, and 22% aluminum) 
(4) Both octo Is and HTA-3 are used for HE filler in projectiles and bombs. 

Reference: Military Demolition Material List 
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Ordnance Technical Data Sheet 
HMX 

Other names: Cyclotetramethylenetetranitramine, Homocyclonite, 1,3,5, 7-
T etranitrotetracycle-octane. 
Composition: C4H8N808. 
State: Crystalline. 
Color: White. 
Melting point: 529° F. (276° C.). 
Solubility: Practically insoluble in water; solubility in other solvents is comparable with 
that ofRDX. 
Sensitivity: Slightly more sensitive than RDX. 
Detonating temperature: 656.6° F. (347° C.). 
Stability: Unstable above melting point - stability of production grade is decreased due 
to presence ofRDX. 
Toxicity: Not markedly toxic and generally does not cause dermatitis. If ingested, 
however, may affect the central nervous system. 
Method of loading: Never used pure-always with other materials to desensitize. 
Usually press loaded except when used with TNT (Octol), then it is cast loaded. 
Method of unloading: Cast loaded ordnance may be steamed out. 
Use: An ingredient of high explosive mixtures . 
Remarks: Beta-HMX is no longer just an impurity in RDX manufacturing, but is used as 
an explosive itself. It is the most insensitive of the various forms ofHMX. 

Description: HMX (Cyclotetramethylene tetranitramine) is almost as powerful as RDX 
(Hexahydro-Trinitro-Triazine), but is seldom used by itself in military explosive 
applications. It is usually mixed with a compound, such as TNT (Trinitrotoluene). 
Variations of such compositions, their properties and uses follow: 

(1) Octol 70/30 (70% HMX and 30% TNT) 
(2) TOctol 75/25 (75% HMX and 35% TNT) 
(3) HTA-3 (49% HMX, 29% TNT, and 22% aluminum) 
(4) Both octols and HTA-3 are used for HE filler in projectiles and bombs. 

Reference: Military Demolition Material List 
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Ordnance Technical Data Sheet 
U.S. Dispenser, Air-Launched, Free

Fall, MK 7 MODS 2, 3, 4, & 6 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

U.S. DISPENSER, AIR-LAUNCHED 
Bombs/Dispenser 
E808 
Unknown (Submunitions dependent) 
Unknown (Submunitions dependent) 
340.20 kg 
337.00 mm 
2.31 m 
N/A 
Mechanical time fuze 

Usage: These are air-launched, free-fall dispensers, which employ a mechanical time 
fuze. They contain antimaterial/antipersonnel bombs. 

Description: The dispensers are painted white with a yellow band on the forward end of 
the dispenser. Identifying nomenclature is stenciled in yellow on the side of the 
dispenser. A Mk 7 Mod 3 dispenser containing explosive-loaded BLU-77/B bombs is 
also marked with a black lightening bolt painted on each side of the dispenser. Dispensers 
which are completely inert, including the payload, are painted bronze. There are no color 
bands. Identifying nomenclature is stenciled in black. Dispensers which have a live 
dispenser fuze, flexilinear shaped charges (FLSCs), and are loaded with either inert 
bombs or inert bombs with live fuzes, are painted white. One blue and one brown band 
are on the forward end of the dispenser. Identifying nomenclature is stenciled in yellow. 

Reference: ORDAT A Online. 
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Ordnance Technical Data Sheet 
Composition B 

Composition B. Composition B (comp B) is a (59/40/1) mixture ofRDX, TNT, and 
beeswax. Its color may vary from dirty white, light yellow to brownish yellow. It is less 
sensitive than tetryl but more sensitive than TNT. It is intermediate between TNT and 
RDX with respect to sensitivity and initiation. It is only inferior to tritonal and torpex 
with respect to blast effect. Composition B is an authorized filling for Army-Navy (AN) 
standard aircraft bombs, mines, torpedoes, antitank artillery shells (76- and 105-
millimeter), demolition charges, and in rockets. Composition B containing 60 percent 
RDX and 40 percent TNT, exclusive of wax, is known as composition B-2, a nonstandard 
explosive. Because of its greater sensitivity to impact, composition B-2 is not as suitable 
as composition B for use in bombs. 

Reference: ORDATA Online, MIDAS, Military Demolition Material List 
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Ordnance Technical Data Sheet 
u.s. FLARE, AIRCRAFT, PARACHUTE, MK 24 MOD 1,2, 2A, 3, & 4 
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Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

U.S. FLARE, PARACHUTE, MK 24 MOD 1,2, 2A, 3, & 4 
Pyrotechnics And Flares 
LA21 
llluminant Composition 
7.30 kg 
12.20 kg 
124.00mm 
914.00mm 
N/A 

Usage: The figure shows the appearance and dimensions of the Mk 24 aircraft flare. 
These are air-launched, parachute-retarded flares used to provide intense illumination of 
large areas 

Description: The flare case is unpainted. It is marked in black with nomenclature, 
national stock number, lot number, loading date, loading facility, location of suspension 
bands, and fuze setting and safing information. 

Reference: ORDA T A Online, Midas. 
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Ordnance Technical Data Sheet 
Composition 4 (C-4) 

C-4, or composition 4, is one variety of plastic explosive. The basic idea of plastic 
explosives, also called plastic bonded explosives (PBX), is to combine explosive 
chemicals with a plastic binder material. The binder has two important jobs: 

1. It coats the explosive material, so it's less sensitive to shock and heat. This makes 
it relatively safe to handle the explosive. 2. It makes the explosive material highly 
malleable. You can mold it into different shapes to change the direction 

2. of the explosion. 
The explosive material in C-4 is cyclotrimethylene
trinitramine (C3H6N606), commonly called RDX (for 
"research development explosive"). The additive material 
is made up of polyisobutylene, is the binder, and di(2-
ethylhexyl) sebacate, the plasticizer (the element that 
makes the material malleable). It also contains a small 
amount of motor oil and some 2, 3-dimethyl-2, 3- . 
dinitrobutane (DMDNB), which functions as a chemical i 
marker for security forces. 

• 
• 

• 

• 

C-4 Ingredients 

RDX - 91 percent 
Di(2-ethylhexyl) 
sebacate - 5.3 percent 
Polyisobutylene - 2.1 
percent 
Motor oil - 1.6 
percent 

To make C-4 blocks, explosives manufacturers take RDX--·---·-··--·-·---·------·-·-·-·---·----··-·-·-·--··--'-'--'-
in powder form and mix it with water to form a slurry. They then add the binder material, 
dissolved in a solvent, and mix the materials with an agitator. They remove the solvent 
through distillation and remove the water through drying and filtering. The result is a 
relatively stable, solid explosive with a consistency similar to modeling clay. 

As with other explosives, you need to apply some form of energy to C-4 to set off the 
chemical reaction. Because of the stabilizer elements, it takes a considerable shock to set 
off this reaction; lighting C-4 with a match will just make it bum slowly, like a piece of 
wood (in Vietnam, soldiers actually burned C-4 as an improvised cooking fire). Even 
shooting the explosive with a rifle won't trigger a reaction. Only the use of a detonator, 
or blasting cap will properly initiate C-4 explosives. 

A detonator is a smaller more sensitive explosive that's easer to set off. When trigged the 
detonator applies a powerful shock which then ignites the C-4 explosive material. 
When the explosive chemical reaction begins, the C-4 decomposes rapidly to release a 
variety of gases (notably, nitrogen and carbon oxides). The gases initially expand at about 
26,400 feet per second (8,050 meters per second), applying a huge amount of force to 
the surrounding area. To the casual observer, the explosion is nearly instantaneous -- one 
second, everything's normal, and the next it's totally destroyed. 
The explosion has two phases. The initial expansion inflicts most of the damage. It also 
creates an extreme low-pressure area at the explosion's origin -- the gases are moving 
outward so rapidly that they suck all or most of the gas from the "middle" of the 
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explosion. After the initial outward blast, gases rush back in to the partial vacuum, 
creating a second, less-destructive inward energy wave. 

The U.S. military is the primary manufacturer ofC-4. 

Reference: ORDA TA Online, MIDAS, Military Demolition Material List 
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Ordnance Technical Data Sheet 
MK 6 Mod 3 Signal 
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Figure 11-2.1 Aircraft Smoke and llluminatioll Signal Mk G Mod 3 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Fuze: 

MK 6 Mod 3 Aircraft Smoke and Illumination Signal 
Pyrotechnic/Smoke 
L525 
Red phosphorus composition 
4 pounds 1 ounce 
5.806 kg (12.8 Lbs) 
128.5 mm (5:06 inches square) 
517.14 mm (20.36 in) 
Friction 
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Usage: This pyrotechnic device is launched from surface craft only to produce a day or night 
floating reference point. One of its principal particular uses is as a man-overboard marker. 

Description: This device consists of a rectangular-shaped, wooden body (20.36 inches long 
and 5.06 inches square) with a flat, die-cast metal plate affixed to one end to protect it from water 
impact damage and to maintain it in the correct floating attitude. There are four flame and smoke 
emission holes in the opposite end, each capped and sealed with tape. The pull wire ring, also at 
the emission end, is likewise covered with tape. 

This device has a direct-firing ignition system. Ignition results from a quick pull on the pull ring 
in a direction perpendicular to the end ofthe signal. The pull ring is pulled by hand, and the 
device is thrown into the water immediately. The pull wire ignites a 90 second delay fuse which 
ignites the quickmatch at the top of the first of four candles. The quickmatch ignites the first 
candle starting mix which, in tum, initiates burning of that candle. Expanding gases of 
combustion force the cap and tape from the emission hole, allowing smoke and flame to be 
emitted. When the first candle is nearly burned out, a transfer fuse carries the ignition to the 
quickmatch of the next candle in series. This process continues until all four candles have 
burned. Yellow flame and gray-white smoke are produced for a minimum of 40 minutes. 

Reference: NAVSEA SW0050-AB-MMA-OI0, NAVAIR 11-15-7 
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Ordnance Technical Data Sheet 
U.S. Bomb, AT, MK 118 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

VECP !!Op""O ON' y 

u.s. BOMB, AT, MK 118 
Submunitions 
PN#I569562 
Composition B 
181.00 g 
590.00 g 
53.00 mm 
165.00 mm 
N/A 
MK 1 fuzing system 

Usage: These are aerially dispensed, antitank (AT) shaped charge, target-discriminating, 
fin-stabilized bombs that use the MK 1 fuzing system. The fuzing system provides for 
impact firing after contact with either a soft or hard target. An inert loaded bomb, 
containing a live fuze but no main explosive charge, is used for fuze reliability testing 
and establishing delivery tactics. 

Description: The impact sensing element (Mods 0 and 1 bomb) and base fuze vanes are 
unpainted. The standoff probe, bomb body, and base fuze element cover are anodized 
gold. The fins are white plastic. A I5-millimeter (0.60-inch) yellow band is stenciled 
around the base of the bomb body. A metal foil decal, with the words SAFE and ARM in 
silver letters on a green and red background is affixed to the base fuze element cover just 
above the safe/arm indicator window. On some bombs, the decal is replaced with the 
words ARMED WHEN RED stenciled in black in the same location. The assembly 
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drawing number and loading data are stenciled in black on the base fuze element cover 
and the forward portion of the bomb body. 

Reference: ORDATA Online . 



.' Ordnance Technical Data Sheet 
U.S. BOMB, AT, MK 118 MODS 0 

&1 

Nomenclature: 
Ordnance Family: 
DODIe: 
Filler: 
Filler weight: 
Item weight: 
Diameter: 
Length: 
Maximum Range: 
Fuze: 

MK 118 MODS 0 & 1 
Submunitions 
PN#1569562 
Octol 
170.00 g 
590.00 g 
53.00 mm. 
165.00 mm 
N/A 
Mk 1 fuzing system 

Usage: These are aerial dispensed, antitank (AT) shaped charge, target discriminating, 
in-stabilized bombs that use the Mk 1 fuzing system. The fuzing system provides for 
impact firing after contact with either a soft or hard target. An inert loaded bomb, 
containing a live fuze but no main explosive charge, is used for fuze reliability testing 
and establishing delivery tactics. 

Description: The impact sensing element (Mods 0 and I bomb) and base fuze vanes are 
unpainted. The standoff probe, bomb body, and base fuze element cover are anodized 
gold. The fins are white plastic. A I5-millimeter (0.60-inch) yellow band is stenciled 
around the base of the bomb body. A metal foil decal, with the words SAFE and ARM in 
silver letters on a green and red background is affixed to the base fuze element cover just 
above the safe/arm indicator window. On some bombs, the decal is replaced with the 
words ARMED WHEN RED stenciled in black in the same location. The assembly 
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drawing number and loading data are stenciled in black on the base fuze element cover 
and the forward portion ofthe bomb body. 

Reference: ORDArA Online, MIDAS. 
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