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AND LOGISTICS FOREWORD

This Manual is reissued under the authority of and in accordance with DoD Instruction 4145.26
(Reference (a)) and, accordingly, is applicable to all contractual actions entered into on or after
the reissue date. The prior DoD 4145.26-M (Reference (b)), dated September 16, 1997, is
hereby rescinded and superseded, yet will remain applicable and effective for contractual actions
entered into on or after September 16, 1997 and before the reissue date. The Manual provides
safety standards common to DoD and private industry ammunition and explosives (AE),
operations, and facilities performing AE work or AE services under DoD contracts, subcontracts,
purchase orders, or other procurement methods. DoD 6055.9-STD (Reference (c)) establishes
these AE safety standards and serves as the primary source document for this Manual. The
explosives safety requirements included in this Manual are consistent with Reference (c) so that
AE safety standards for DoD Components and DoD contractors are equivalent.

Subpart 223.370 of the Defense Federal Acquisition Regulation Supplement (Reference (d))
requires contracting officers to incorporate this Manual in all AE procurement actions. The
purchasing activity may include additional AE or related safety requirements that are not
inconsistent with this Manual as it deems necessary. The Manual should be incorporated into
AE procurement actions in order to legally bind the contractor to follow the provisions contained
therein.

This revision removes the chapter on hazard component data statements and updates quantity
distance requirements and basic AE safety principles.

Questions on interpretation of any requirement in this Manual by the contractor should be
submitted through the contractor’s assigned administrative contracting officer to the procuring
contracting officer for further review and resolution.

This Manual applies to the Office of the Secretary of Defense (OSD), the Military Departments
(including their Reserve Components), the Office of the Chairman of the Joint Chiefs of Staff,
Combatant Commands, the Office of the Inspector General of the Department of Defense, the
Defense Agencies, the DoD Field Activities, and all other organizational entities in the
Department of Defense (hereafter referred to collectively as the “DoD Components™).

This Manual is effective immediately, and is mandatory for use by all the DoD Components as
specified in Reference (a).
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Forward recommendations for change to this Manual to:

Chairman

Department of Defense Explosives Safety Board
Room 856C, Hoffman Building |

2461 Eisenhower Avenue

Alexandria, VA 22331-0600

RELEASABILITY. UNLIMITED. This Manual is approved for public release. Copies may be
obtained through the Internet from the DoD Issuances Web Site at http://www.dtic.mil/whs/directives.
An electronic copy can also be obtained by contacting the Department of Defense Explosives
Safety Board; Room 856C, Hoffman Building I; 2461 Eisenhower Avenue; Alexandria, VA
22331-0600; telephone at 703-325-2525.

John ount, Jr. =
Un ectetafy of De €
for Kcquisition, Tech gy and Logistics
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ACRONYMS AND ABBREVIATIONS

AE ammunition and explosives

ACO administrative contracting officer

AGM aboveground magazine

AGS aboveground structure/site

AGS (H) aboveground structure, heavy wall

AGS (L) aboveground structure, light

AP ammonium perchlorate

ASME American Society of Mechanical Engineers
°C degrees Celsius

CFR Code of Federal Regulations

CG compatibility group

COCO contractor-owned, contractor-operated

d loading density (used in formulae)

D minimum safe distance (used in formulae)
DCMA Defense Contract Management Agency
DDESB Department of Defense Explosives Safety Board
DoD Department of Defense

DOT Department of Transportation

ECM earth-covered magazine

EED electro-explosive device

EIDS extremely insensitive detonating substances
ELCG Energetic Liquid Compatibility Group

ES exposed site

ESD electrostatic discharge

°F degrees Fahrenheit

FO foreign object

FOE foreign object elimination

ft feet

GOCO government-owned, contractor-operated
H heavy wall

H/R heavy wall/roof

HAN hydroxyl ammonium nitrate

HD hazard division

HDD hazardous debris distance

HE high explosive

HEW high explosive weight

HFD hazardous fragment distance

HMX octogen, nitroamine high explosive
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high performance magazine
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inhabited building distance
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Joint Hazard Classification System

factor that is dependent upon the risk assumed or permitted
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kilopascals

kilovolts

natural logarithm
pound
liquefied petroleum gas

meters

maximum credible event
military standard

milli second

Naval Facilities Engineering Command
net explosive weight

net explosive weight for quantity distance
National Fire Protection Association
nitroglycerin

net propellant weight

Occupational Safety and Health Administration
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procuring contracting officer
potential explosion site
pentaerythritol tetranitrate
personal protective equipment
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pounds per square inch gauge
public traffic route
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quantity distance
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Cl. CHAPTER 1

INTRODUCTION

C1.1. PURPOSE

C1.1.1. This Manual provides safety requirements, guidance and information to minimize
potential accidents that could interrupt Department of Defense (DoD) operations, delay DoD
contract production, damage DoD property, cause injury to DoD personnel, or endanger the
public during DoD contract work or services involving ammunition and explosives (AE). The
Manual contains the minimum contractual safety requirements to support DoD objectives. These
requirements are not a complete safety program, and this Manual does not relieve a contractor
from complying with Federal, State, interstate, and local laws and regulations.

C1.1.2. Criteria provided by these Standards are provided in English units (e.g., ft, Ib,
psi) with metric equivalents shown in brackets (e.g., [m, kg, kPa]).

C1.2. APPLICABILITY. When included in or properly incorporated into their contracts,
subcontracts, purchase orders, or other procurement methods and made applicable to the
contractor (or to their subcontractors), these safety requirements apply to contractors and
subcontractors handling ammunition or explosives. Nothing in this Manual should be construed
as making the Department of Defense a controlling employer under Occupational Safety and
Health Administration (OSHA) regulations and standards.

C1.3. MANDATORY REQUIREMENTS AND ADVISORY GUIDANCE. This Manual uses
the term “shall” or an affirmative statement to indicate mandatory requirements. The terms
“should” and “may” are advisory in nature.

Cl.4. COMPLIANCE WITH MANDATORY REQUIREMENTS. The Department of Defense
requires compliance with mandatory provisions of this Manual and applicable portions of
Reference (c). In order to provide consistent and current information to all DoD AE contractors,
quantity distance (QD) tables and formulae in Reference (c) are incorporated by reference in
Chapter 5 of this Manual. The procuring contracting officers (PCOs) may grant contract-specific
waivers to mandatory provisions of this Manual. For government-owned/contractor-operated
facilities, requests for waivers of safety requirements shall be processed via the administrative
contracting officer (ACO) or PCO through the explosives safety office of the Military Service
that owns the facilities for review and approval in accordance with the Military Service
requirements. For contractor-owned facilities, requests for waivers from mandatory provisions
of this Manual shall be processed through the ACO to the PCO.
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C1.4.1.1. Inthe pre-award phase, during pre-award surveys, noncompliance with
mandatory safety requirements normally results in a recommendation of “no award.” Any
noncompliant condition shall be resolved during the pre-award survey. Contractors may choose
to correct the deficiencies immediately, offer a letter of intent to correct the deficiencies (which
will become binding upon award of contract), or request that the PCO accept specifically
identified existing conditions of facilities (contract-specific waiver).

C1.4.1.2. Inthe post-award phase, the contractor has 30 days from the date of
notification by the ACO to correct the non-compliant condition and inform the ACO of the
corrective actions taken. The contracting officer may direct a different time period for the
correction of any noncompliance. If the contractor refuses or fails to correct any noncompliance
within the time period specified by the ACO, the Government has the right to direct the
contractor to cease performance on all or part of affected contracts. When the contractor cannot
comply with the mandatory safety requirements of the contract, the contractor may develop and
submit a request for a waiver through the ACO to the PCO for the final determination. For DoD-
owned, contractor-operated facilities, the PCO coordinates with the explosives safety office of
the Military Service that owns the facilities for review and approval in accordance with the
Military Service requirements. The request shall contain complete information concerning the
requirements violated, actions planned to minimize the hazard, and a proposed date for
correction of the non-compliant conditions.

C1.5. PRE-AWARD SAFETY SURVEY

C1.5.1. The PCO will request a DoD pre-award safety survey to help determine contractor
capability. DoD safety personnel conduct pre-award surveys to evaluate each prospective
contractor's ability to comply with contract safety requirements. While the pre-award safety
survey is an opportunity for the contractor to request clarification of any safety requirement or
other AE issue that may affect the contractor's ability to comply, any such clarification must be
issued by the contracting officer. During pre-award surveys, the contractor shall provide:

C1.5.1.1. Site plans conforming to subparagraphs C1.8.5.1. through C1.8.5.5. for
proposed facilities to be used in contract performance.

C1.5.1.2. Evidence of implementation of a safety program containing at least the
mandatory requirements described in Chapter 3 of this Manual.

C1.5.1.3. General description of proposed contract facilities, including size, building
layouts, construction details, and fire resistive capabilities.

C1.5.1.4. Fire prevention program and available firefighting resources, including local
agreements or other documentation demonstrating coordination.

C1.5.1.5. Copies of required licenses and permits or demonstration of the ability to
obtain approvals necessary to support the proposed contract.
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C1.5.1.6. A safety history including accident experience; safety survey or audit reports
by insurance carriers or Federal, State, and local authorities; and any variances, exemptions, or
waivers of safety or fire protection requirements issued by Federal, State, or local authorities.

C1.5.1.7. Proposed operations and equipment to include process flow narrative/diagram,
proposed facility or equipment changes, proposed hazard analysis, and proposed procedures for
all phases of AE operations.

C1.5.1.8. Subcontractor information.

C1.5.8.1. Identification of all subcontractors proposed for the AE work.

C1.5.8.2. Proposed methods used to evaluate the capability of the subcontractor to
comply with the requirements of this Manual.

C1.5.8.3. Proposed methods used to ensure subcontractor compliance.

Cl1.6. PRE-OPERATIONAL SAFETY SURVEY

C1.6.1. The Department of Defense reserves the right to conduct a pre-operational survey
after contract award in these situations:

C1.6.1.1. Contractor has limited experience with the item.
C1.6.1.2. After major new construction.
C1.6.1.3. After major modifications.
C1.6.1.4. After an AE accident.
C1.6.2. When these situations occur, the contractor shall provide sufficient notification to
the ACO and Defense Contract Management Agency (DCMA) contract safety personnel, to

provide adequate time for the Department of Defense to schedule and perform a preoperational
survey.

Cl1.7. POST-AWARD CONTRACTOR RESPONSIBILITIES. The contractor shall:

C1.7.1. Comply with the requirements of this Manual and any other safety requirements
contained within the contract.

C1.7.2. Develop and implement a demonstrable safety program, including operational
procedures, intended to prevent AE-related accidents.

C1.7.3. Designate qualified individuals to administer and implement this safety program.
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C1.7.4. Prepare and keep available for review all hazard analyses used to justify alternative
methods of hazards control implemented in order to comply with the mandatory requirements in
this Manual.

C1.7.5. http://cyberregs.citation.com/cgi-exe/cpage.dll - pagelist#pagelistProvide access to
facilities and safety program documentation to DoD safety representatives.

C1.7.6. Report and investigate AE accidents in accordance with Chapter 2 of this Manual.

C1.7.7. Provide identification and location of subcontractors to the ACO for notification or
approval in accordance with terms of the contract.

C1.7.8. Establish and implement management controls to ensure AE subcontractors comply
with paragraphs C1.7.1. through C1.7.7. of this section.

C1.8. SITE AND CONSTRUCTION PLANS

C1.8.1. Contractors shall maintain a current site plan that demonstrates compliance with QD
requirements for all AE locations within their facility. In addition, contractors shall prepare and
submit site and construction plans for all new construction or major modification of facilities for
AE activities and for any facilities potentially exposed to AE hazards if improperly located.
Contractors shall provide copies of any of these documents to the Department of Defense upon
request. For DoD facilities, site plans are required per paragraph C5.4.1. of Reference (c).

C1.8.2. When the place of performance of the contract is at DoD-owned/contractor-operated
facilities, site and construction plans shall be prepared and processed via the ACO and/or PCO
through the explosives safety office of the Military Service that owns the facilities for review and
approval in accordance with Reference (c) and the Military Service requirements.

C1.8.3. For contractor-owned, contractor-operated (COCO) facilities, the contractor shall
submit, through the ACO to the PCO, site and construction plans for all new construction or
major modification of facilities for AE activities and for the facilities that may be exposed to AE
hazards if improperly located. The contractor shall provide sufficient copies for the review
process. The contractor shall not begin construction or modification of proposed facilities until
receiving site and construction plan approval from the PCO through the ACO.

C1.8.4. Minor new construction, changes, and modifications of existing COCO AE facilities
involving hazard division (HD) or changes that add or remove small portable operating buildings
and magazines may not require formal site plan submission. “Minor” applies to all changes that
involve only 1.4S HD materials. “Minor” also applies to changes of other HD materials that do
not increase the existing net explosive weight for quantity distance (NEWQD) or maximum
credible event (MCE) for an AE facility and that do not extend any QD arcs beyond existing
inhabited building and public traffic route distance (PTRD) arcs. The contractor shall notify the
ACO of a potential minor modification or change and request a determination.
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C1.8.5. Site plans shall comply with the following:

C1.8.5.1. Plans shall include maps and drawings which are legible, accurate, and of a
scale that permits easy determination of essential details. For general layout of buildings, this is
normally a scale of 1 inch to 400 ft (or metric equivalent) or less. Site plans may require other-
scaled drawings, which provide details of construction, structure relationships within the project
area, barricades, or other unique details. Plans may also include pictures to illustrate details and
videotapes of MCE testing data.

C1.8.5.2. Maps and drawings shall identify distances between all potential explosion
sites (PESs), all exposed sites (ESs) within the facility, the facility boundary, any additional
property under contractor control, ESs on adjacent property when applicable, public railways and
highways, power transmission lines, and other utilities.

C1.8.5.3. Plans shall identify and briefly describe all PESs and all ESs within any
applicable inhabited building distance (IBD) of a PES. Site plans for major new construction or
modification shall also identify and briefly describe all PESs whose IBD arc includes the
proposed new or modified site. Fragmentation distances shall be included for IBD arcs, when
applicable. Plans shall identify and briefly describe all PESs and all ESs out to 110 percent of
IBD of a PES.

C1.8.5.4. Plans shall include the maximum net explosive weight(s) (NEW(s)) and the
HD of all PESs and, when applicable, shall include MCE information and maximum NEW for
each room or bay. Plans shall also include engineering or test data when substituting
construction or shielding for distance to protect from fragmentation or overpressure.

C1.8.5.5. Personnel in buildings are provided a high degree of protection; however, glass
breakage and building debris may cause some injuries to personnel. New or modified facilities,
located within the IBD arc of any PES, that will include glass panels and will contain personnel
shall have a glass breakage personnel hazards risk assessment conducted. Elimination of glass
surfaces is the best control. If determined to be necessary, reducing the use of glass or the size of
any glass surfaces and the use of blast resistant glass will provide some relief. For new
construction, building design characteristics, to include consideration of how any required glass
surfaces are oriented and use of blast resistant glass can reduce glass breakage and structural
damage.

C1.8.5.6. Plans shall include a topographical map in sufficient detail to permit evaluation
when the contractor uses natural terrain for barricading to reduce fragment distance.

C1.8.6. Construction plans for proposed facilities shall contain the information required in
subparagraphs C1.8.5.1. through C1.8.5.5. as well as construction details of dividing walls,
venting surfaces, firewalls, roofs, operational shields, barricades, exits, ventilation systems and
equipment, AE waste disposal systems, lightning protection systems, grounding systems,
processing equipment auxiliary support structures, and general materials of construction, as
applicable.
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C2. CHAPTER 2
ACCIDENT INVESTIGATION AND REPORTING

C2.1. GENERAL. This section contains requirements for investigating and reporting accidents
involving AE. Nothing in the reporting requirements contained in this Manual relieves the
contractor from notifying Federal, State, or local agencies.

C2.2. REPORTING CRITERIA. Per Reference (c) and DoDI 6055.7 (Reference (e)), the
contractor shall investigate and report all AE accidents that result in one or more of the below
listed outcomes to the ACO and the cognizant DCMA contract safety specialist. The
ACO/DCMA contract safety specialist shall notify the Service and the Service shall notify the
DDESB.

C2.2.1. One or more fatalities.

C2.2.2. One or more lost-work day cases with days away from work as defined by part 1904
of title 29, CFR (Reference (f)).

C2.2.3. Five or more non-fatal injuries (with or without lost workdays).
C2.2.4. Damage to government property exceeding $20,000.

C2.2.5. Delay in delivery schedule exceeding 24 hours. (This requirement does not
constitute a waiver or amendment of any delivery schedule required by the contract.)

C2.2.6. Contractually required notifications of accidents other than in paragraphs C2.2.1.
through C2.2.5.

C2.2.7. Any accident that may degrade operational or production capability or is likely to
arouse media interest.

C2.3. ACCIDENT INVESTIGATION REQUIREMENTS. The contractor is contractually
responsible for investigating and reporting AE accidents; however, the Government retains the
right to conduct an independent DoD investigation when circumstances warrant. DCMA safety
representatives will monitor contractor on-site accident investigations but will not formally
participate. Contractors experiencing an AE accident shall take those actions necessary to
protect life and health, limit property damage, and preserve evidence at the accident scene. In
the initial telephonic and written accident reports (See sections C2.4 and C2.5) the contractor
shall advise the contracting officer and the DCMA safety representative of the incident. Based
on initial reports, the contracting officer may require an additional, more comprehensive
technical investigation by the contractor or by an independent DoD investigation team.
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C2.4. TELEPHONE REPORT. The contractor shall report any accident described in section
C2.2. by telephone, with e-mail confirmation to the ACO and cognizant DCMA contract safety
specialist as soon as practicable but not later than 3 hours after the accident. The telephone
report with e-mail confirmation should use the report format outlined in section C2.5. and
provide all preliminary accident information available.

C2.5. WRITTEN REPORT

C2.5.1. The contractor shall submit a written report by the end of the second business day
after accident occurrence to the ACO and the cognizant DCMA contract safety specialist who
shall route to the Service. The Service shall route to the DDESB. This report may be provided
electronically or in hard copy. The report shall include:

C2.5.1.1. Contractor's name and location.

C2.5.1.2. Date, local time, plant or facility location of the accident.
C2.5.1.3. Type of accident (explosion, fire, loss, other).

C2.5.1.4. Contract, subcontract, or purchase order.

C2.5.1.5. Item nomenclature, hazard classification, lot number.
C2.5.1.6. Accident narrative.

C2.5.1.7. Number of fatalities, injuries, degree of injuries.

C2.5.1.8. Description of property damage and actual or estimated cost.
C2.5.1.9. Quantity of energetic material involved (weight, units, rounds).
C2.5.1.10. Probable cause(s).

C2.5.1.11. Corrective action taken or planned.

C2.5.1.12. Summary of Lessons Learned and Recommendations.
C2.5.1.13. Effect on production.

C2.5.1.14. Name, title or position, and phone number of person submitting the report.

C2.5.1.15. Remarks.
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C2.5.2. The contractor shall provide to the ACO, DCMA contract safety specialist, and,
through the Service, to DDESB supplemental information to the initial report within 30 days of
the accident occurrence and at 30-day intervals until the investigation is complete.

C2.6. TECHNICAL ACCIDENT INVESTIGATION AND REPORT. Based upon the
seriousness of the accident and criticality of the munitions or explosives involved, the PCO may
require an additional, more comprehensive technical investigation by the contractor or by an
independent DoD investigation team. Upon determination by the PCO that a DoD investigation
is required, the PCO will immediately advise the contractor. The technical investigation report
shall include details such as missile fragmentation maps, photographs, detailed description of
accident, event time line, chemistry, effects on adjacent operations, structural and equipment
damage, QD drawings, findings, and conclusions. If the contractor performs the special
technical accident investigation, the contractor shall forward the report through the ACO to the
PCO within 60 days unless otherwise directed by the PCO. Any of these investigations and
studies reports shall also be submitted through the Service to the DDESB.
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C3. CHAPTER 3

GENERAL SAFETY REQUIREMENTS

C3.1. GENERAL. This chapter provides general safety requirements for all AE operations
addressed in this Manual. When these practices exceed or differ from local or national codes or
requirements, the more restrictive shall apply.

C3.2. PERSONNEL AND MATERIAL LIMITS

C3.2.1. The cardinal principle of AE safety is to limit exposure to a minimum number of
personnel, for a minimum amount of time, to the minimum amount of the hazardous material
consistent with safe and efficient operations. To implement this principle, contractors shall
establish AE and personnel limits at all AE operations. Contractors shall examine all operations
and devise methods for reducing the number of people exposed, the time of exposure, and the
quantity of material subject to a single incident.

C3.2.2. Determination of AE limits requires a careful analysis of all facts including normal
operation times, intraplant transportation methods, net explosive weight, and the chemical and
physical characteristics of the AE. More sensitive and more energetic hazardous materials
require lower limits. Contractors shall base limits on safe and efficient operational requirements
and not on the maximum quantity of explosives allowed by QD requirements. Contractors may
express limits either in units of weight or in the number of each item (tray, box, rack, or other
unit) that operators can more easily observe and control.

C3.2.3. Determination of personnel limits requires separation of unrelated jobs and
controlled limited access of unrelated personnel from a particular hazardous operation. Hazard
analysis shall determine the need for dividing walls, firewalls, or operational shields to protect
operators at frequent, consecutive operations in the same room or building. Personnel limits
shall include a maximum number of operators and a maximum number of transients including
supervisors, workers, and visitors.

C3.2.4. Military Services may have documentation which requires contractors to use special
procedures for developing standard operating procedures (SOPs). Therefore, before starting
operations involving AE, qualified personnel shall develop, review, and approve written
procedures in accordance with the Military Services guidelines or the instructions below.

C3.3. SOPs. Clearly written procedures are essential to avoid operator errors and ensure process
control. Therefore, before starting operations involving AE, qualified personnel shall develop,
review, and approve written procedures.
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C3.3.1. Preparation. Contractors shall examine all aspects of an AE operation and shall
determine a safe and orderly course of action for accomplishing the work. Certain AE operations
may require controlled tests to validate the safety of procedural steps in the SOP. At a minimum,
SOPs shall include:

C3.3.1.1. The specific hazards associated with the process.
C3.3.1.2. Indicators for identifying abnormal process conditions.

C3.3.1.3. Emergency procedures. (SOP may include a separate emergency procedure
SOP by reference.)

C3.3.1.4. Personal protective clothing and equipment required for process personnel.
C3.3.1.5. Personnel and AE limits.

C3.3.1.6. Specific equipment, tools, and expendable supplies permitted for use by the
process operator.

C3.3.1.7. The location and sequence of job steps the operator is to follow in performing
the work.

C3.3.1.8. Instructions for spill cleanup and disposal of any scrap and waste AE.

C3.3.2. Dissemination and Posting. The supervisors shall be responsible for explaining
duties prescribed by the SOP to all personnel involved in an AE operation. Written operating
procedures need not be posted, but shall be available at the workstation to personnel involved in
AE processes and operations or AE equipment maintenance.

C3.3.3. Training. Personnel shall receive appropriate training before performing work that
involves exposure to AE. The training shall include specific safety and health hazards,
emergency procedures including shutdown, and safe work practices applicable to the employee's
job tasks. The contractor shall ensure that each employee involved in an AE process has
received and understood the training and receives appropriate refresher training. The contractor
shall prepare a record that contains the identity of the employee, the date of training, and the
means used to verify that the employee understood the training.

C3.3.4. Emergency Procedures. The contractor shall instruct employees on procedures to
follow in the event of electrical storms, utility or mechanical failures, equipment failures, process
abnormalities, and other emergencies occurring during AE operations.
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C3.3.5. Control and Monitoring. The contractor shall establish and maintain written
procedures that define methods for controlling and monitoring outside subcontractors who
perform work on the contractor's premises that may affect AE operations. The procedures shall
also include: the method used by the contractor to determine that subcontractors are qualified to
perform the work safely; and the steps that will be followed by the contractor to limit the
subcontractors’ exposure to AE operations.

C3.3.6. Revalidation. The managing authority shall ensure that qualified personnel review
and update SOPs as often as necessary to reflect improved methods, equipment substitutions,
facility modifications, or process changes.

C3.4. STORAGE IN OPERATING BUILDINGS

C3.4.1. The contractor may store limited quantities of hazardous materials in Classes 2
through 9, as defined by part 173 of title 49, CFR (Reference (g)), which are essential for current
operations in an operating building.

C3.4.2. The contractor shall store AE materials that exceed the minimum quantity necessary
for sustained operations in a service magazine located no closer than intraline distance (ILD)
(based on the quantity in the magazine) from the operating building or area. If ILD is not
available for a separate service magazine, the contractor may designate storage locations closer
than the ILD or within the operating building. The NEW of AE in any designated outside
storage location at less than ILD shall be added to the NEW in the operating building and shall
be considered as part of the operating building when measuring QD separation distances to other
ESs. Designated storage locations must be located at distances to prevent immediate propagation
of the stored AE in the event of an explosion in the operating area. The quantity of AE material
in the designated storage location shall not exceed that needed for one half of a work shift. The
contractor should consider personnel exposure, structural containment afforded, and the venting
ability of the proposed storage location when determining where to locate a designated storage
location. When storage containers are designed to completely contain all fragments, debris, and
overpressure, AE material may be stored without regard to QD requirements listed in paragraph
C5.1.2. In-process AE materials and subassemblies awaiting subsequent steps in the
manufacturing process are not considered storage and are not subject to the half of a work shift
limitation.

C3.4.3. At the end of the workday, personnel should remove all AE material from
processing equipment and store it in an appropriate magazine or designated storage location. If
operationally required, personnel may store in-process AE materials in the building during non-
operating hours provided the physical characteristics and stability of the AE materials are not
degraded and the AE material would not compromise the safety of the process equipment or
personnel when the process is restarted.
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C3.4.4. The contractor may use a separate enclosed room or bay in an operating building
specifically adapted for the interim storage of production items awaiting the results of testing
before final pack-out. The NEW of the interim storage facility shall be added to the total NEW
of the operating building for QD determination. The room or bay must afford the equivalent of
service magazine distance protection to other parts of the building. Such a room or bay is limited
to its defined and designed function and items, but is not subject to the one half of a work shift
limitation for the building or the ultimate pack-out operation.

C3.5. HOUSEKEEPING IN HAZARDOUS AREAS

C3.5.1. Contractors shall keep structures containing AE clean and orderly.

C3.5.2. Contractors shall establish a regular cleaning program to maintain safe conditions.
Personnel shall not perform general cleaning concurrently with hazardous operations.

C3.5.3. Explosives and explosive dusts shall not be allowed to accumulate on structural
members, radiators, heating coils, steam, gas, air or water supply pipes, or electrical fixtures.

C3.5.4. Contractors shall use proper design of equipment, training of employees, and catch
or splash pans to prevent spillage of explosives and other hazardous materials. Operators shall
promptly remove spillage of explosives and hazardous materials following proper procedures
established per section C8.4.

C3.5.5. Personnel shall use cleaning methods, such as hot water, steam, etc., that do not
create ignition hazards for cleaning floors in buildings containing explosives. When these
methods are impractical, personnel may use nonabrasive sweeping compounds that are
compatible with the explosives involved. Flammable compounds shall not be used.
Combustible sweeping compounds (closed cup flash point less than 230°F) are acceptable for
use. Personnel shall not use sweeping compounds containing wax on conductive floors if the
wax can reduce conductivity. Personnel shall not use cleaning agents containing alkalis in areas
with nitrated organic explosives, since these materials are incompatible and can form sensitive
explosive compounds.

C3.5.6. Cleaning methods may use nonferrous wire brushes to clean explosives-processing
equipment only when other methods of cleaning are ineffective. A thorough inspection should
follow such cleaning to ensure that no wire bristles remain in the equipment. This also applies to
cleaning magnesium ingot or other metal molds used in explosives processing. Cleaning
methods should substitute fiber brushes for hairbrushes to reduce generation of static.

C3.5.7. Contractors shall dispose of all loose explosives swept up from floors of operating

buildings. Responsible personnel shall thoroughly inspect and determine disposition of
explosives recovered from sources other than ammunition breakdown operations and equipment.

27 CHAPTER 3



DoD 4145.26-M, March 13, 2008

C3.6. EXPLOSIVES WASTE IN OPERATING AREAS

C3.6.1. Explosives safety shall not be compromised while meeting environmental
considerations.

C3.6.2. All waste material generated in an explosives area shall require analysis to determine
appropriate methods for safe handling and disposition. All explosives waste and contaminated
materials shall be kept in covered containers marked to indicate their contents, preferably located
in isolated bays or outside the buildings.

C3.6.3. Containers for scrap black powder shall contain water. Waste pyrotechnic, tracer,
flare, and similar compositions shall be totally immersed in water, mineral oil, or fuel oil in the
waste containers, unless a hazard analysis indicates that it is unnecessary. Waste-initiating
explosives shall be kept to a minimum, usually under water or other desensitizing media, and
shall be handled with great care. Explosives waste materials should not be left in operating
buildings overnight during normal periods of shutdown or over weekends and holidays.

C3.6.4. Workers shall transport explosives wastes in designated vehicles (see section C3.16.,
paragraph C8.3.12., and subparagraph C15.8.3.1.) to storage locations specifically assigned for
that purpose. Explosives waste shall not be stored with serviceable explosives. A minimum of
magazine distance shall be maintained between locations where explosives wastes are stored and
locations used for serviceable AE.

C3.7. PROCEDURE BEFORE ELECTRICAL STORMS

C3.7.1. A system for monitoring the approach of electrical storms shall be established that
provides for the timely shut down of operations and evacuation of personnel from PESs where
lightning could initiate explosives. When an electrical storm approaches, all personnel shall
evacuate to at least PTRD, or a shelter providing equivalent protection, from:

C3.7.1.1. Operating buildings or facilities containing explosives or explosives-loaded
ammunition not equipped with lightning protection systems.

C3.7.1.2. Buildings containing explosives dust or vapors, whether or not equipped with
lightning protection systems.

C3.7.1.3. Magazines, open storage sites, or loading docks not equipped with lightning
protection systems.

C3.7.1.4. Locations, with or without lightning protection, where operations involving
unprotected electro-explosive devices (EEDS) or circuitry are being performed.
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C3.7.2. Contractors shall prepare an SOP for electrical storms that defines distances from
lightning strikes that trigger an evacuation and provide adequate time for employees to shut
down AE operations. The SOP shall establish instructions for notification of affected employees
and shall identify safe locations at PTRD (or equivalent protection) to which employees retreat
when notified of electrical storm evacuation. Explosives processes requiring constant attention
should not be started when an electrical storm threatens.

C3.7.3. During evacuation of explosives buildings due to approaching electrical storms,
some operations may still require constant attention. The minimum number of personnel,
consistent with safety requirements, shall work these operations until the process reaches a
condition that allows personnel to safely evacuate the building. Explosives processes requiring
constant attention should not be started when an electrical storm threatens.

C3.8. PRECAUTIONS FOR MAINTENANCE AND REPAIRS TO AE EQUIPMENT AND
BUILDINGS

C3.8.1. Before maintenance or repairs can proceed in areas or on equipment previously
exposed to explosives; operators shall decontaminate the AE areas and equipment to the degree
necessary to perform the work safely and shall place a decontamination tag, signed by the
supervisor, on the equipment. The tag shall certify the removal of all explosives from the
equipment. When complete removal of explosives is not possible, the tag shall identify areas
and parts of the equipment that operators could not clean and shall provide maintenance
personnel with specific instructions for safe handling. Prior to maintenance or repair operations,
the immediate vicinity shall be inspected to assure no explosives remain.

C3.8.2. Contractors shall establish written procedures that require responsible personnel to
clean and decontaminate all AE areas where accumulated AE residue may pose a hazard (i.e.,
equipment, crevices, vents, ducts, wall cavities, pipes, and fittings) before performing
maintenance or repair operations. The decontamination procedures shall apply to tooling and
equipment previously exposed to AE, whether removed from or remaining in the AE area for
maintenance and repair.

C3.8.3. The contractor shall examine and test all new or repaired AE processing equipment
prior to placing the equipment in service in order to ensure that it is safe to operate.

C3.8.4. After repairing, maintaining, or adjusting machines and equipment, an inspection
shall be made to assure all tools used for the work are removed. Before work resumes, operators
should check their own equipment to ensure its safe operating condition.

C3.8.5. Electricians shall not wear conductive shoes while working on electrical equipment.

Exposed explosives and other static-sensitive hazardous material shall be removed before work
begins.
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C3.8.6. Safe practices specified elsewhere in this Manual shall also apply to maintenance
employees.

C3.8.7. Maintenance and tool rooms in an operating line should be separated from
explosives by ILD. When ILD is not available, a suitable barrier or shield shall provide
equivalent protection. Protective construction designs require DDESB approval for facilities on
DoD property. (See paragraph C5.1.2.)

C3.9. SAFETY HAND-TOOLS

C3.9.1. Unless a hazard analysis indicates otherwise, only hand tools constructed of wood or
non-sparking metals such as bronze, lead, and “K” Monel shall be used for work in locations and
on equipment that contain exposed explosives or hazardous concentrations of flammable dusts,
gases, or vapors that are susceptible to mechanical spark. Hand tools shall be cleaned and
inspected prior to use. Be aware that nonferrous metals used in so-called non-sparking tools may
produce sparks. If the use of ferrous metal tools is required because of their strength and wear
characteristics, the contractor’s safety office shall approve their use.

C3.9.2. If their strength makes the use of ferrous metal hand tools necessary during
maintenance and repair operations, exposed explosives and other highly flammable and
combustible materials shall be removed from the area. In addition, explosives operations in the
immediate vicinity shall be discontinued to guard against accidental ignition of materials by
flying sparks, and potential contact surfaces should be oiled or covered to reduce the likelihood
of sparks.

C3.10. OPERATIONAL SHIELDS

C3.10.1. The purpose of operational shields is to prevent propagation of AE material from
one AE operation or location to another, protect facilities and equipment, and provide personnel
protection. Shields used for these purposes require an evaluation to determine their suitability
for their intended purpose (paragraph C5.1.2.). All AE operations and processes require a hazard
assessment prior to work performance to determine the type of hazard involved, the level of risk
associated with the AE material or item, and the corresponding level of protection required.

C3.10.2. The primary hazards that accompany explosions and deflagrations are blast
overpressure, fragmentation (primary and secondary), and thermal effects. The hazard
assessment shall consider these hazards and the quantity of AE materials, initiation sensitivity,
heat output, burn rate, potential ignition and initiation sources, protection capabilities of shields,
various types of protective clothing, fire protection systems, and the acute and chronic health
hazards of vapors and combustion products on exposed personnel.
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C3.10.3. When the hazard assessment indicates an unacceptable probability of explosion or
deflagration, operations or processes shall be conducted remotely. When an analysis of the
hazard assessment indicates the hazards associated with an explosion or deflagration are
controllable by using operational shields, the contractor shall design, install, and use shields that
effectively protect personnel from the hazards. Shields complying with MIL-STD-398
(Reference (h)) are acceptable protection.

C3.10.4. The contractor shall test operational shields under conditions that simulate the
operational environment. AE materials or items used in the test shall correspond to those
involved in an MCE, plus 25 percent. The contractor shall maintain records of the tests that
demonstrate the shields will function as planned. Analysis rather than testing of shields may be
acceptable on a case-by-case basis.

C3.10.5. When the doors of AE processing equipment function as operational shields,

interlocking devices shall prevent the operator from opening the door while the equipment is in
operation or operating the equipment when the door is open.

C3.11. PROTECTIVE CLOTHING

C3.11.1. All AE operations require a hazard assessment to determine the need for protective
clothing and personal protective equipment. The assessment shall include an evaluation of all
hazards and factors contained in paragraph C3.11.2.

C3.11.2. The contractor shall provide a changing area for employees who must remove their
street clothes to wear protective clothing, such as explosive plant clothing, anti-contamination
clothing, or impervious clothing. To minimize the risk of exposure to unrelated personnel, AE
operators shall not remove contaminated clothing from the AE areas. Employees shall not wear
any static-producing clothing in areas where electrostatic discharge (ESD) is a hazard.

C3.11.3. Explosives plant clothing, generally referred to as powder uniforms, shall have
nonmetallic fasteners and be easily removable.

C3.11.4. When sending explosives-contaminated clothing to an off-plant laundry facility, the

contractor is responsible for informing the laundry of the hazards associated with the
contaminants and any special laundering or disposal requirements.

C3.12. MATERIAL HANDLING EQUIPMENT

C3.12.1. The contractor shall not refuel gasoline, diesel, or liquefied petroleum gas (LPG)
powered equipment inside buildings containing AE. Personnel shall locate refueling vehicles
and refueling operations at least 100 ft [30.48m] (50 ft [15.24] from non-combustible structures)
from structures or sites containing AE. This distance is called the fire protection distance. Doors
and windows through which vapors may enter the building shall be closed during refueling.
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C3.12.2. The contractor shall store gasoline-, diesel-, and LPG-powered equipment at the
appropriate fire protection distance from buildings, loading docks, or piers containing AE.

C3.12.3. Gasoline-, diesel-, and LPG-powered equipment shall have spark arrestors. The
contractor shall perform and document inspections of the exhaust and electrical systems of the
equipment, as necessary, to ensure that the systems are functioning within the manufacturer's
specifications. The contractor shall maintain documentation of the two most recent inspections.

C3.13. IGNITION SOURCES IN HAZARDOUS AREAS

C3.13.1. Personnel shall not carry matches, cigarette lighters, or other flame-producing
devices into AE areas.

C3.13.2. Smoking in AE operating areas shall be permitted in approved locations only.

C3.14. OPERATIONAL EXPLOSIVES CONTAINERS

C3.14.1. Containers used for intraplant transportation or temporary storage of process
explosives and energetic materials shall be designed to prevent leakage. These containers shall
be equipped with covers (lids) and should be constructed of (in order of precedence):

C3.14.1.1. Conductive rubber or conductive plastic;

C3.14.1.2. Nonferrous metal-lined boxes without seams or rivet heads under which
explosive dusts could accumulate;

C3.14.1.3. Paper-lined wooden boxes; or
C3.14.1.4. Fiber drums.

C3.14.2. These containers shall be marked with the name, hazard division, and quantity of
the explosive involved.

C3.14.3. Because of their fragility and potential for fragmentation, glass containers shall not
be used for explosives.

C3.15. INTRAPLANT RAIL TRANSPORTATION

C3.15.1. Written Procedures. The contractor shall develop written procedures to ensure safe
and efficient rail movement of AE. These procedures shall include, as a minimum, the following
information:
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C3.15.1.1. The contractor shall maintain all rolling stock used for intraplant rail
transportation of AE in a safe and good working condition.

C3.15.1.2. Before moving cars containing A&E, air hoses shall be coupled, air brakes
shall be cut-in and in proper working order, and the car doors shall be closed. Cars should
remain coupled while in motion. Safety precautions shall be observed when breaking air hose
connections.

C3.15.1.3. When single explosives-loaded cars are spotted, the hand brakes shall be set
and the wheels shall be properly chocked. When more than one car is spotted and its engine
detached, the hand brakes shall be set on enough cars to ensure sufficient braking. Hand brakes
shall be set on the downgrade end of the cut of rail cars. Automatic air brakes should not be
relied on to hold spotted cars.

C3.15.1.4. A person should be stationed at the hand brake of a car mover when the car
mover is in use.

C3.15.1.5. During transfer movements within establishments, full or partial loads of AE
in rail cars shall be blocked and braced so they cannot shift position. Movements within
classification yards are switch movements and do not require blocking and bracing.

C3.15.1.6. Empty rail cars shall remain at warehouses, magazines, buildings, or loading
docks until all warning placards have been removed or reversed, as appropriate.

C3.15.1.7. Special care shall be taken to avoid rough handling of cars containing AE.
These cars shall not be “sent off” while in motion and shall be carefully coupled to avoid
unnecessary shocks. Other cars shall not be “cut off” and allowed to strike a car containing
explosives.

C3.15.1.8. A buffer car should separate rail cars containing explosives and the switching
engine when in motion.

C3.15.1.9. Flags or signals at both ends of a rail car or cut of cars shall protect personnel
working in, on, or under the cars. During these periods, cars shall not be coupled or moved.

C3.15.1.10. Portable transmitters and railroad locomotives equipped with two-way
radios shall not transmit when passing explosives-operating buildings where EEDs are present.
The contractor shall determine minimum safe distances based on radio frequency and power
output of the transmitter.

C3.15.2. Pre-loading Rail Car Inspections

C3.15.2.1. Qualified personnel shall inspect empty rail cars intended to transport AE
upon arrival, verifying that the carrier has complied with Department of Transportation (DOT)
requirements.
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C3.15.2.2. Before loading, the brakes shall be set on cars spotted for loading, and bridge
plates equipped with side boards and stops shall be provided.

C3.15.3. Loaded Incoming Rail Car Inspections

C3.15.3.1. Incoming railroad cars loaded with AE should be inspected upon arrival at
remote sites. If no problems are found, rail cars may be opened for interior inspection or moved
to the designated unloading point. Only operations addressed in paragraph C5.18.9. are allowed
without application of QD.

C3.15.3.2. Railcars loaded with AE that are suspected of being in a hazardous condition
shall be moved to a suspect car site that is separated from other PESs or ESs by the applicable
QD criteria (paragraph C5.18.12.).

C3.15.3.3. Cars should be inspected after unloading AE to ensure that they are clean and

free from loose explosives and flammable materials and that placards and car certificates have
been removed. Explosives swept from the floors shall be disposed of properly.

C3.16. INTRAPLANT MOTOR VEHICLE TRANSPORTATION OF AE

C3.16.1. Written Procedures. The contractor shall develop written procedures to ensure safe
and efficient transportation of AE in motor vehicles. These procedures shall include, as a
minimum:

C3.16.1.1. Brakes shall be set and the wheels chocked when the possibility exists that the
vehicle could move during loading or unloading.

C3.16.1.2. AE shall not be loaded or unloaded when a motor vehicle’s engine is running,
unless the engine is providing power to accessories used in the loading and unloading, such as
mechanical handling equipment. If the engine is diesel powered, it may continue to run during
loading or unloading of explosives except when exposed explosives are involved.

C3.16.1.3. Vehicles, including partly or completely loaded flatbeds, shall have the load
blocked and braced to prevent shifting during transit.

C3.16.1.4. The operator shall not transport AE material in the passenger compartment of
the vehicle.

C3.16.1.5. Motor vehicles transporting AE within the establishment but outside the
explosives area shall bear at least two appropriate placards identifying the hazard division of the
AE. These placards should be removed or covered whenever the vehicle is not loaded.
Reflectorized placards are preferred.
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C3.16.1.6. The vehicle operator shall be trained in emergency procedures to be followed
in the event of a vehicle fire, breakdown, accident, damaged or leaking containers, and spilled
AE material.

C3.16.2. Pre-loading Motor Vehicle Inspections. All motor vehicles used to transport AE
shall be inspected daily before loading to verify:

C3.16.2.1. Vehicles are in a safe operating condition.
C3.16.2.2. Batteries and wiring are not in contact with containers of AE.

C3.16.2.3. Exposed ferrous metal in the interior of the vehicle body is covered with non-
sparking material when scrap and bulk explosives are being transported in containers that could
be damaged or when explosives could otherwise become exposed.

C3.16.2.4. A serviceable portable fire extinguisher of the appropriate class is carried on
the motor vehicle.

C3.16.2.5. Motor vehicles or equipment with internal combustion engines that are used
near explosives scrap, waste, or items contaminated with explosives are equipped with exhaust
system spark arresters and carburetor flame arresters (authorized air cleaners). These vehicles
and equipment should be inspected and cleaned to prevent accumulation of carbon.

C3.16.3. Loaded Incoming Motor Vehicle Inspections

C3.16.3.1. Vehicles loaded with AE should be inspected upon arrival at remote sites. If
no problems are found, vehicles may be opened for interior inspection or moved to the
designated unloading location. (See paragraph C5.18.9.)

C3.16.3.2. Motor vehicles loaded with AE that are suspected of being in a hazardous
condition shall be moved to a suspect truck site that is separated from other PESs or ESs by the
applicable QD criteria. (See paragraph C5.18.12.)

C3.16.3.3. Vehicles should be inspected after unloading AE to ensure that they are clean
and free from loose explosives and flammable materials and that placards and vehicle certificates
have been removed. Explosives waste cleaned and removed from the floors shall be disposed of

properly.

C3.17. INSPECTION OF AE MIXING EQUIPMENT. For all AE mixing equipment, the
contractor shall establish a preventive maintenance program that includes an initial inspection
prior to use and periodic inspections throughout their operating life.
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C3.17.1. The initial inspection shall, as a minimum, include radiographic and dye penetrant
inspection of the blades and blade-to-shaft areas, blade-to-bowl clearances, allowable tolerances,
testing for proper function of operating systems such as bowl lifting and positioning
mechanisms, safety interlocks, fire detection and prevention, and test of computer controller
software self-check.

C3.17.2. Periodic inspection shall be performed during the operating life of the mixer. The
inspection program shall be based on manufacturer’s recommendations, operating history of like
mixers, and any items identified in hazards analysis of the particular mixer and its operation.
The inspection program shall include:

C3.17.2.1. Tests and visual inspection prior to each use of the mixer, associated
equipment, and hardware that might come loose and fall into the mixer.

C3.17.2.2. Periodic inspections of clearances between mixer blades and between mixer
blades and all mix bowls at sufficient points to detect any distortion of the mixer blades or bowl.
Clearances between blades and between blades and mixer bowls shall be established consistent
with quality and process requirements, and should provide for deflection of shafts and wear in
journal and bearing areas. These clearances shall be checked at regular intervals based on
operating time and experience to assure the clearance is adequate. A record of clearance checks,
mixer blade adjustments, and any damage to the mixer blades and bowls shall be maintained.

C3.17.2.3. Inspection and test for drive system wear, bearings condition, and gear
alignment while under load to establish operation within tolerances when applicable.

C3.17.2.4. Inspection and test of proper function of operating subsystems such as bowl
handling and lifting mechanism, safety and fire control, and computer software self-check.

C3.17.3. Recommend that large (over 80 gallon) vertical blade mixers in high torque
applications have a dye penetrant check of the blades annually or after every 300 hours of
operation. Melt-cast kettles are not considered high torque mixers. Also recommend that an
inspection of clearances and operating systems be performed after any major maintenance or
unusual events such as severe weather exposure, earthquakes, mishandling of bow! or mixer, or
long idle period.

C3.17.4. After performing major maintenance of the equipment, the contractor shall run the
equipment under load to ensure it is safe to operate.

C3.17.5. A log of the maintenance and inspection shall be maintained. Trend analysis of
clearances should be used to detect wear that might become hazardous.
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C4. CHAPTER 4

HAZARD CLASSIFICATION AND
STORAGE COMPATIBILITY SYSTEMS

C4.1. HAZARD CLASSIFICATION

C4.1.1. The DoD hazard classification system is based on the system recommended for
international use by the United Nations Organization. It consists of nine hazard classes plus a
non-regulated category that applies when explosives and hazardous materials are present in an
item, but not to the degree that criteria for assignment to one of the nine classes are met. AE is
assigned to the class that represents an item’s predominant hazard characteristic. Class 1 applies
to AE in which the explosive hazard predominates. The six Class 1 divisions and three division
1.2 subdivisions (subdivisions are only applicable for storage applications) that are outlined in
subparagraphs C4.1.1.1.- C4.1.1.6. are used to indicate the character and predominance of
explosive hazards. In addition, a parenthetical number is used to indicate the minimum
separation distance (in hundreds of feet) for protection from debris, fragments, and firebrands,
when distance alone is relied on for such protection. This number is placed to the left of the
hazard classification designators 1.1 through 1.3, e.g., (18)1.1, (08)1.2.3, or (02)1.3. To simply
express an item’s hazard classification, this Manual uses the term “Hazard Division (HD)” to
avoid repeatedly using the more cumbersome terminology “Subdivision X of Division Y of
Class Z.” The six Class 1 divisions and three hazard sub-divisions are:

C4.1.1.1. HD 1.1 - Mass-explosion
C4.1.1.2. HD 1.2 - Non-mass explosion, fragment producing

C4.1.1.2.1. HD 1.2.1 - Those items with a NEWQD > 1.60 pounds [0.73 kg] or that
exhibit fragmentation characteristics similar to or greater than (higher density, longer distance)
105 mm projectiles, Model M1 regardless of NEWQD.

C4.1.1.2.2. HD 1.2.2 - Those items with a NEWQD < 1.60 pounds [0.73 kg] or that,
at most, exhibit fragmentation characteristics similar to high-explosive 40 mm ammunition
regardless of NEWQD.

C4.1.1.2.3. HD 1.2.3 - AE that does not exhibit any sympathetic detonation response
in the stack test and does not exhibit any reaction more severe than burning in the external fire
test, bullet impact test, and slow cook-off test.

C4.1.1.3. HD 1.3 - Mass fire, minor blast overpressure or fragment.

C4.1.1.4. HD 1.4 - Moderate fire, no significant blast or fragment.

C4.1.1.5. HD 1.5 - Very insensitive explosive substance (with mass explosion hazard).
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C4.1.1.6. HD 1.6 - Explosive article, extremely insensitive.

C4.1.2. These classifications pertain to AE in packaged configuration for transportation and
storage and may not be valid when applied to in-process hazards associated with handling,
manufacturing, or loading operations. Contractors shall analyze AE items and materials on a
case-by-case basis to determine in-process hazards. Contractors may use DoD Explosives
Hazard Classification Procedures (TB 700-2/NAVSEAINST 8020.8B/TO 11A-1-47) (Reference
(1)) or similar sources for guidance to conduct this analysis and may request assistance from
Military Service research and development organizations through contract channels. Unless
analysis indicates otherwise, unpackaged HD 1.2 materials in process shall be treated as HD 1.1.

C4.2. STORAGE COMPATIBILITY

C4.2.1. Storage of AE is based on the DoD hazard classification and compatibility
requirements of this chapter.

C4.2.2. Compatibility groups (CGs) and hazard classification for DoD AE items and
materials are listed in the Joint Hazard Classification System (JHCS). (See Reference (i).) The
JHCS is available on the World Wide Web at the U. S. Army Defense Ammunition Center
website. Additional information may be available from the procuring activity in the form of
Hazardous Component Safety Data Statements for intermediate materials and items. When the
solicitation or contract lacks such information, it may be requested through contract channels.

C4.2.3. Compatibility and hazard classification information relating to other hazardous
materials (including AE) not contained within the JHCS can be derived from references such as:

C4.2.3.1. Parts 100-199 of Reference (g)
C4.2.3.2. NFPA Manual 491M.5 (Reference (j))
C4.2.3.3. Data sheets developed by the National Safety Council
C4.2.3.4. Data sheets developed by the Chemical Manufacturers Association
C4.2.4. Storage and compatibility principles are:
C4.2.4.1. The highest degree of safety in AE storage could be assured if each item or

division were stored separately. However, such ideal storage is not generally feasible. A proper
balance of safety and other factors frequently requires mixing of several types of AE in storage.
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C4.2.4.2. AE shall not be stored with dissimilar materials or items that present hazards to
the munitions. Examples are mixed storage of AE with flammable or combustible materials,
acids, or corrosives. Non-regulated AE and AE assigned to Classes 2 through 9 may have a CG
assigned. When so assigned, the AE may be stored in an explosives magazine in accordance
with the CG. The explosive weight of non-regulated AE and AE assigned to Classes 2 through 9
is not considered for QD purposes.

C4.2.4.3. Different types of AE may be mixed in storage, without regard to hazard
classification, provided they are compatible. AE are assigned to a CG when they can be stored
together without significantly increasing either the probability of an accident or, for a given
quantity, the magnitude of the effects of such an accident.

C4.2.4.4. AE may be mixed in storage only when such mixing will facilitate safe
operations and promote overall storage efficiency.

C4.2.4.5. As used in these requirements, the term “with its own means of initiation”
indicates that the ammunition has its normal initiating device assembled to it and this device has
less than two effective protective features. The term “without its own means of initiation”
indicates that the ammunition does not have its normal initiating device present or, if present, the
initiating device has two or more effective protective features.

C4.2.4.6. AE compatibility considerations are:

C4.2.4.6.1. Different kinds of AE within one compatibility group are compatible and
may be stored together, except for some items in CG K and L. (See Table C4.T1.)

C4.2.4.6.2. AE in substandard or damaged packaging, in a suspect condition, or with
characteristics that increase the risk in storage are not compatible with other AE and shall be
stored separately.

C4.2.4.7. AE are assigned to one of 13 CGs, designated A through H, J, K, L, N, and S.
The CGs are categorized as:

C4.2.4.7.1. Group A. Initiating (primary) explosives. Bulk initiating explosives that
have the necessary sensitivity to heat, friction, or percussion to make them suitable for use as
initiating elements in an explosive train. Examples include: bulk lead azide, lead styphnate,
mercury fulminate, tetracene, dry cyclotrimethylenetrinitramine (RDX) (also known as cyclonite,
hexogen, or Royal Demolition Explosive), and dry pentaerythritol tetranitrate (PETN).

C4.2.4.7.2. Group B. Detonators and similar initiating devices not containing two or
more effective protective features. ltems containing initiating (primary) explosives that are
designed to initiate or continue the functioning of an explosive train. Examples include
detonators, blasting caps, small arms primers, and fuses.

39 CHAPTER 4



DoD 4145.26-M, March 13, 2008

C4.2.4.7.3. Group C. Bulk propellants, propelling charges, and devices containing
propellant with or without their own means of ignition. Items that upon initiation will normally
deflagrate. Examples are single-, double-, triple-base, and composite propellants, rocket motors
(solid propellant), and ammunition with inert projectiles. Liquid propellants are not included.

C4.2.4.7.4. Group D. Bulk black powder; bulk high explosives (HES) (secondary
explosives); and AE without a propelling charge, but containing HE (secondary explosives)
without its own means of initiation, i.e., no initiating device is present or the device has two or
more effective protective features. Examples include bulk trinitrotoluene (TNT), Composition
B, and black powder; bulk wet RDX or PETN; and bombs, projectiles, cluster bomb units, depth
charges, and torpedo warheads.

C4.2.4.7.5. Group E. AE containing HE (secondary explosives) without its own
means of initiation and with solid propelling charge. Examples include artillery ammunition,
rockets, and guided missiles.

C4.2.4.7.6. Group F. AE containing HE (secondary explosives) with its own means
of initiation and with or without solid propelling charge. HE ammunition or devices (fused),
with or without solid propelling charges. Examples include grenades, sounding devices, and
similar items having an in-line explosive train in the initiator.

C4.2.4.7.7. Group G. Fireworks; illuminating, incendiary, smoke (including
hexachlorethane), or tear-producing munitions other than those munitions that are water-
activated or contain white phosphorus or flammable liquid or gel. Examples include flares and
signal and pyrotechnic substances.

C4.2.4.7.8. Group H. AE containing both explosives and white phosphorus (WP) or
other pyrophoric material. AE in this group contains fillers that are spontaneously flammable
when exposed to the atmosphere. Examples include WP and plasticized white phosphorus.

C4.2.4.7.9. Group J. AE containing flammable liquids or gels other than those that
are spontaneously flammable when exposed to water or the atmosphere. Examples are liquid-
filled or gel-filled incendiary ammunition; fuel-air-explosives devices; flammable, liquid-fueled
missiles; and torpedoes.

C4.2.4.7.10. Group K. AE containing both explosives and toxic chemical agents.
AE in this group contains chemicals specifically designed for incapacitating effects more severe
than lachrymation (tear producing). Examples are artillery or mortar ammunition (fused or
unfused), grenades, and rockets or bombs filled with a lethal or incapacitating chemical agent.
(See Note 8 of Table C4.T1.)
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C4.2.4.7.11. Group L. AE not included in other compatibility groups, having
characteristics with special risks that do not permit storage with other types of AE, other kinds of
explosives, or dissimilar AE of this group. Examples include water-activated devices,
prepackaged hypergolic liquid-fueled rocket engines, triethyl aluminum (TEA), thickened TEA,
and damaged or suspect ammunition of any group. NOTE: Different types of AE in CG L
presenting similar hazards (that is, oxidizers with oxidizers, fuels with fuels, etc.) may be stored
together.

C4.2.4.7.12. Group N. AE containing only extremely insensitive detonating
substances (EIDS). Anexample is HD 1.6 AE.

C4.2.4.7.13. Group S. AE presenting no significant hazard. AE packaged or
designed so that any hazardous effects from functioning are limited to the extent that they do not
significantly hinder firefighting. Examples are thermal batteries, explosive switches or valves,
and small arms ammunition.

C4.2.4.8. For the purpose of storage where substantial dividing walls are utilized to
reduce MCE, each HD 1.1 and HD 1.2 AE item is designated, based on its physical attributes,
into one of five sensitivity groups (SGs). Directed energy weapons are further identified by
assigning the suffix “D” following the SG designation, e.g., SG2D. The SG assigned to an HD
1.1 and HD 1.2 AE item is found in the JHCS.

C4.2.4.8.1. The five SGs, in relative order from least sensitive to most sensitive, are:
C4.2.4.8.1.1. SG 2: Non-robust or thin-skinned AE. (See glossary.)

C4.2.4.8.1.2. SG 1. Robust or thick-skinned AE. An SG 1 item meets any
two of the criteria listed:

C4.2.4.8.1.2.1. Ratio of explosive weight to empty case weight is < 1.
C4.2.4.8.1.2.2. Minimum case thickness is > 0.4 inches (1 cm).

C4.2.4.8.1.2.3. Ratio of case thickness to NEWQD® is > 0.05 in/Ib
[0.165 cm/kg™].

C4.2.4.8.1.3. SG 3: Fragmenting AE. These items, which are typically air-
to-air missiles, have warhead cases designed for specific fragmentation, e.g., pre-formed
fragment warhead, scored cases, continuous rod warheads.

C4.2.4.8.1.4. SG 4: Cluster bombs and dispenser munitions.

C4.2.4.8.1.5. SG5: Other AE (items for which high performance magazine

(HPM) non-propagation walls are not effective). Items are assigned to SG 5 because they are
either very sensitive to propagation or their sensitivity has not been determined.
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C4.2.4.8.2. Item-specific testing or analyses can be used to change an item’s SG.
C4.2.4.9. Mixed Storage

C4.2.4.9.1. Mixing of CGs is permitted as indicated in Table C4.T1. For purposes of
mixing, all items shall be packaged in approved storage containers. Outer containers may be
opened in storage locations for inventory and for magazines storing only HD 1.4 items for
unpackaging, inspection, and repackaging of the HD 1.4 AE. NOTE: Before storage of mixed
items in Group K, PCO approval shall be obtained.

C4.2.4.9.2. Items from CGs C, D, E, F, G, J, and S may be combined in storage,
provided the net quantity of explosives in the items or in bulk does not exceed 1000 pounds per
storage site.

C4.2.4.9.3. In addition to subparagraph C4.2.4.9.1., items assigned to HD 1.4, CG C,
G, or S, may be combined in storage without regard to explosives quantity limitations; however,
siting is still required.

Table C4.T1. Storage Compatibility Mixing Chart
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Notes:

1

2

10

The marking “X” at an intersection indicates that these groups may be combined in storage. Otherwise,
mixing is either prohibited or restricted according to Note 2.

The marking “Z” at an intersection indicates that, when warranted by operational considerations or
magazine non-availability and when safety is not sacrificed, logical mixed storage of limited quantities of
some items of different groups may be approved. These relaxations involving mixed storage shall be
approved by the DoD Component and are not considered waivers. Combinations that violate the principles
of paragraph C4.2.4. require justification by a waiver or exemption in accordance with section C1.4. Items
from Group B or Group F shall be segregated from articles of other compatibility groups by means that
prevent propagation of fire or detonation.

Examples of acceptable combinations are:

a. HD 1.1, Group A (initiating explosives) with HD 1.1, Group B (fuses not containing two or more
independent safety features).

b. HD 1.3, Group C (bulk propellants or bagged propelling charges) with HD 1.3, Group G (pyrotechnics
without their own means of initiation).

Equal numbers of separately packaged components of complete rounds of any single type of ammunition

may be stored together. When so stored, compatibility is that of the assembled round; that is, WP filler in

Group H, HE filler in Groups D, E, or F, as appropriate.

Group K requires not only separate storage from other groups, but also may require separate storage within

the group. The controlling DoD Component shall determine which items under Group K may be stored

together and those that must be stored separately.

Ammunition items without explosives that contain substances properly belonging to another U.N. hazard
class may be assigned to the same compatibility group as items containing explosives and the same
substance, and be stored with them.

DoD Components may authorize ammunition designated “Practice” by National Stock Number and
nomenclature to be stored with the fully loaded ammunition it simulates.

In addition to the CG mixing authorized in subparagraph C4.2.4.9.2.,DoD Components may authorize the
mixing of CGs B, H, and N in limited quantities (generally 1000 Ibs or less).

For purposes of mixing, all items must be packaged in approved storage or shipping containers. Items shall
not be opened for purposes of issuing unpackaged munitions in storage locations. Outer containers may be
opened in storage locations for purposes of inventorying; for removing munitions still inside an approved
inner package in limited amounts; and for magazines storing only HD 1.4 items, unpacking inspecting, and
repacking the HD 1.4 ammunition.

When using the “Z” mixing authorized by Note 2, articles of either compatibility Group B or F, each shall

be segregated in storage from articles of other compatibility groups by means that prevent the propagation
of Group B or F articles to articles of other compatibility groups.

If dissimilar HD 1.6 are mixed together and have not been tested to assure non-propagation; the mixed
munitions are considered to be HD 1.2, Compatibility Group D for purposes of transportation and storage.
When mixing Group N munitions with Groups B through G, see Chapter 5, paragraph C5.3.2. about
changing QD hazard divisions.
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C5. CHAPTER 5

QD PRINCIPLES, CRITERIA, AND SITING REQUIREMENTS

C5.1. GENERAL
C5.1.1. Reference (c) establishes minimum QD standards for all DoD AE operations. QD
tables are not presented in this chapter but are incorporated in Appendix 2 and cross referenced
to Reference (c) QD tables in the appendix. Distances determined by formulae and presented in
the tables are based on the probability of injury and damage and do not provide absolute
protection. Greater distances than those shown in the tables should be used when practicable.
C5.1.2. Distances required in Reference (c) QD tables may be reduced if structural or
engineering data demonstrate that explosion effects will be reduced or eliminated through
containment, direction or suppression shields, or building volume. The rationale or test results
justifying the proposed distance reduction shall become part of the AE facility site plan and shall
accompany AE site and general construction plans submitted through the ACO to the PCO for
approval, or through the DoD Component for DDESB approval.
C5.1.3. This chapter sets forth:
C5.1.3.1. QD principles.
C5.1.3.2. Rules for determining NEWQD.
C5.1.3.3. General QD rules.
C5.1.3.4. Types of QD.
C5.1.3.5. Explosion effects, expected consequences, and exposure controls.

C5.1.3.6. Permissible exposures at specific scaled distances.

C5.1.3.7. Siting requirements for specific facilities.

C5.2. QD PRINCIPLES

C5.2.1. QD is a relationship between a specific quantity of AE at a PES and the expected
effects of an accidental or planned explosion on an ES at scaled distances. The primary potential
hazards of an explosion are blast (overpressure), fragmentation, and thermal, and their effects
can result in serious personnel injury and property damage. QDs have been developed to provide
separation distances from a PES that minimize the risk of propagation between PESs, serious
injury to personnel, and property damage dependent upon the type of ES.
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C5.2.2. The basis for determining required QD separation distances are the hazard
classification(s) and NEWQD of AE present in a PES; the type of PES; the ability of the PES to
suppress blast overpressure and fragments (primary and secondary); the type of ES; and the
ability of the ES to resist explosion effects.

C5.2.3. QDs are determined by establishing a NEWQD at a point and measuring from that
point to an exposure. The source of a QD measurement is called a potential explosion site, or
PES. For QD purposes, one considers the total NEWQD that will be involved in an accidental
explosion at the PES. A PES may be a round of ammunition, a vehicle, a building, or simply a
location where explosives are stacked.

C5.2.4. Any building, vehicle, location, or ammunition that is to be protected from an
accidental explosion at another source is called an ES. An ES may contain explosives requiring
protection from a second explosive source located a distance away. An ES may also be a home,
stadium, high-rise apartment, public highway, the facility boundary, or any other location
requiring protection from an accidental explosion.

C5.2.5. The QD tables in Reference (c) and the associated formulae are used to provide
minimum distances from PESs. Those tables are duplicated in Appendix 2 of this Manual with
the numbers for the associated QD tables from Reference (c) included in the Appendix. The
hazard classification of the AE and the NEWQD of explosives involved are primary
characteristics governing the use of QD tables. The definitions and methods for determining
hazard classifications are presented in Chapter 4.

C5.2.6. The minimum distance for protection from hazardous fragments shall be based on
primary and secondary fragments from the PES and the population or traffic density of the ES.
This is the distance when the density of hazardous fragments become 1 per 600 ft* [55.7 m?].
However, this distance is not the maximum fragment range. DDESB approved analyses and/or
approved tests may be used to determine minimum distances for both primary and secondary
fragments. DDESB TP No. 13 (Reference (k)) is an example of a method to determine minimal
distances for building debris, while DDESB TP No. 16 (Reference (1)) provides similar
information to determine minimal distances for primary fragments.

C5.3. DETERMINING NEWQD

C5.3.1. NEWQD Determination Methods. NEWQD is usually equal to the NEW unless
hazard classification testing has shown that a lower weight is appropriate for QD purposes. If
the NEWQD is less than the NEW, the reason is usually that propellant or other substances do
not contribute as much to the blast effect as the same amount of high explosives would. For
items that have been hazard classified, use the NEWQD given in the JHCS. For items that have
not been hazard classified, use the following methods for determining the NEWQD:

C5.3.1.1. HD 1.1. The NEWQD is the total high explosives weight (HEW) plus the total
net propellant weight (NPW). For HD 1.1, NEWQD equals the NEW.
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C53.1.2. HD 1.2

C5.3.1.2.1. HD 1.2.1. The NEWQD is the HEW plus the NPW in all HD 1.2.1
items. In certain situations, the MCE, as outlined in paragraph C5.12.3., shall be used as the
basis for determining applicable QD.

C5.3.1.2.2. HD 1.2.2. The NEWQD is the HEW plus the NPW in all HD 1.2.2
items.

C5.3.1.2.3. HD 1.2.3. The NEWQD is the HEW plus the NPW in all HD 1.2.3
items. This material is treated as HD 1.3; however, a minimum IBD shall apply, as outlined in
paragraph C5.12.12.

C5.3.1.3. HD 1.3. The NEWQD is the HEW plus the NPW plus the total weight of
pyrotechnics in all HD 1.3 items.

C5.3.1.4. HD 1.4. The NEWQD is the HEW plus the NPW plus the total weight of
pyrotechnics in all HD 1.4 items.

C5.3.1.5. HD 1.5. The NEWQD is the HEW plus the NPW in all HD 1.5 items. For HD
1.5, NEWQD equals the NEW.

C5.3.1.6. HD 1.6. The NEWQD is the total weight of EIDS in all HD 1.6 items.
However, the weight of EIDS in a single HD 1.6 item shall also be considered (as specified in
Table AP2.T16.) for determining QD.

NOTE: The JHCS provides explosives weights for all DoD hazard classified AE.

C5.3.2. Determining NEWQD for Mixed HD

C5.3.2.1. General

C5.3.2.1.1. The presence of HD 1.4 does not affect the NEWQD of mixed HD.
However, for QD determinations, HD 1.4 criteria shall be considered.

C5.3.2.1.2. When HD 1.1 is mixed with any other HD; treat the mixture as HD 1.1
except as noted in subparagraph C5.3.2.2.

C5.3.2.1.3. HD 1.5 is always treated as HD 1.1.
C5.3.2.1.4. When dissimilar HD 1.6 are mixed and have not been tested to ensure

non-propagation, the mixed HD 1.6 AE shall be individually considered to be HD 1.2.1 or HD
1.2.2, based on their individual NEWQD or overriding fragmentation characteristics.
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C5.3.2.2. HD 1.1 withHD 1.2 (HD 1.2.1, HD 1.2.2, and HD 1.2.3). (Use whichever
generates the largest QD.)

C5.3.2.2.1. Sum the NEWQD for HD 1.1 and NEWQD for HD 1.2 and treat the
mixture as HD 1.1.

C5.3.2.2.2. The NEWQD of the mixture is the NEWQD of the HD 1.2 subdivision
requiring the largest QD.

C5.3.2.3. HD 1.1 with HD 1.3. Sum the NEWQD for HD 1.1 and the NEWQD for HD
1.3 and treat the mixture as HD 1.1.

C5.3.2.4. HD 1.1 with HD 1.6. Sum the NEWQD for HD 1.1 and the NEWQD for HD
1.6 and treat the mixture as HD 1.1.

C5.3.2.5. HD 1.2.1 with HD 1.2.2. The NEWQD for the mixture is the NEWQD of the
subdivision requiring the largest QD.

C5.3.2.6. HD 1.2.1 with HD 1.2.3. The NEWQD for the mixture is the NEWQD of the
subdivision requiring the largest QD.

C5.3.2.7. HD 1.2.2 with HD 1.2.3. The NEWQD for the mixture is the NEWQD of the
subdivision requiring the largest QD.

C5.3.2.8. HD 1.2.1 with HD 1.2.2 with HD 1.2.3. The NEWQD for the mixture is the
NEWQD of the subdivision requiring the largest QD.

C5.3.29. HD1.2(HD 1.2.1, HD 1.2.2, and HD 1.2.3) with HD 1.3. The NEWQD for
the mixture is the NEWQD of the HD requiring the largest QD.

C5.3.2.10. HD1.2(HD 1.2.1, HD 1.2.2, and HD 1.2.3) with HD 1.6. Treat the HD 1.6
as HD 1.2.3 and determine NEWQD in accordance with subparagraphs C5.3.2.6. through
C5.3.2.8,, as applicable.

C5.3.2.11. HD 1.3 with HD 1.6. Sum the NEWQD for the HD 1.6 and the NEWQD for
the HD 1.3 and treat the mixture as HD 1.3.

C5.4. GENERAL QD RULES

C5.4.1. The NEWQD of explosives in a magazine, operating building, or other explosives
site shall be the NEWQD of all the explosives contained therein. QD shall be based on the total
NEWQD, unless the NEW is subdivided by walls or shields to reduce the NEWQD.
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C5.4.2. Contractors can justify reductions in required QD separation distances from a PES
when the NEWQD at the PES is subdivided and adequately separated by distance or barrier to
prevent simultaneous detonation or initiation. The basis for subdividing a quantity of AE into
smaller units for the purpose of QD reduction is:

C5.4.2.1. Separation by Time (Distance). Blast waves coalesce when two or more
proximate stacks of mass-detonating explosives (HD 1.1) detonate within short time intervals
(that is, when the time in milliseconds is less than 4 times the cube root of the NEW in pounds
(4.0W*2 [5.21Q™)) for lateral target positions and less than 5.6 times the cube root of the NEW
in pounds 5.6W** [7.29Q""] for axial target positions). The resultant shock wave, after
coalescence, is that of a single detonation of a charge equal to the sum of the several stacks.
When the two or more stacks of HD 1.1 (NEWQD) at the PES are adequately separated by
distance or barrier to prevent simultaneous detonation within the short time interval, coalescence
does not occur and the MCE for the stacks is equal to the NEWQD for one stack.

C5.4.2.2. Separation by Barriers. Barriers designed per the principles of DDESB TP No.
15 (Reference (m)) will ensure no propagation between AE stacks. Barriers designed and
constructed in accordance with TM 5-1300/AFM 88-22/NAVFAC P-397 (Reference (n)) also
satisfy this requirement. When barriers are constructed per this guidance or when supported by
test data, the MCE is equal to the NEWQD of the AE stack with the largest QD requirement.
Otherwise, QD computations must be based upon the summation of NEWQD for all of the AE
stacks. Barrier design shall include adequate standoff distances and take into account acceptor
AE sensitivity.

C5.4.3. The QD criteria for a PES-ES pair (when both contain AE) are determined by
considering each location, in turn, as a PES and an ES. The quantity of AE to be permitted in
each PES shall be the amount permitted by the distance specified in the appropriate QD tables.
The separation distance required for the pair is the greater of the two separation distances. An
exception is permitted for service magazines supporting an AE operation (see subparagraphs
C5.7.1.1.6. and C5.7.1.2.6.).

C5.4.4. Flight ranges for units (e.g., rockets, missile motors, and cartridge or propellant
actuated devices in a propulsive state) shall be disregarded because it is impractical to specify
QD separations that allow for their designed flight range. However, the distance required to
afford protection from fragments in credible accident situations shall be established in
accordance with the hazardous fragment criteria in section C5.8.

C5.4.5. Separation distances are measured along straight lines from the nearest wall of the
PES or, when the NEWQD at the PES is subdivided, from the exterior of the nearest intervening
wall of the controlling AE stack, to the nearest part of an ES. For large intervening
topographical features such as hills, measure over or around the feature, using whichever is the
shorter distance.
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C5.4.6. When an AE conveyance (e.g., railroad car or motor vehicle) containing AE is not
separated from a PES in such a manner as to prevent mass detonation, then the conveyance and
PES shall be considered as a unit and their NEWQD shall be summed. The separation distance
shall be measured from the nearest outside wall of the PES or conveyance, as appropriate, to an
ES.

C5.4.7. Throughout these requirements, NEWQD is used to calculate QD by means of
formulae. The formula for calculating the blast overpressure hazard of HD 1.1, 1.5, and 1.6 is D
= KW [D (m) = K,*Q"?], where D [Dy] is the distance in feet [meters], K [K] is a factor that
is dependent upon the risk assumed or permitted, and W[Q] is the NEWQD in pounds
[kilograms]. Distance requirements determined by the formula using English units are
sometimes expressed by the value of K, such as K9, K11, and K18 to signify K=9, K=11, K =
18, respectively. The formulae for HD 1.2 subdivisions and HD 1.3 are based on equations with
exponent and natural logarithm functions and do not include a K factor. QD tables and their
formulae and notes are incorporated into this chapter by reference to Appendix 2. The formulae
specified in the QD tables may be used to calculate exact QD distances.

C5.5. TYPES OF QDs

C5.5.1 IBD is the required separation distance between a PES and exposures unrelated to the
AE mission. (See subparagraph C5.7.1.5.) For HD 1.1, IBD is determined based either on the
blast overpressure hazard or the fragment hazard (whichever requires the greatest distance)
associated with the quantity of AE considered. Table AP2.T1. combines the HD 1.1
overpressure and fragment hazards into a single table. For PESs other than earth-covered
magazines (ECMs), at an NEWQD < 30,000 Ibs [13,608 kg], the distance is controlled by
fragments and debris. When fragments and debris are absent, or the range to a hazardous
fragment density < 1/600 ft? is less than the blast overpressure hazard range, as determined by
test or analysis, or the hazardous fragment distance is specifically exempted (see subparagraph
C5.8.1.5.2.), then the blast overpressure criteria may be used.

C5.5.2. PTRD is the required separation distance between a PES and any public street, road,
highway, navigable stream, or passenger railroad used routinely by the general public; parking
lots for private vehicles in administrative areas; certain open-air recreation facilities; and remote
controlled operations. (See subparagraphs C5.7.1.3. and C5.7.1.4.). For HD 1.1, PTRD (like
IBD) is determined based either on the blast overpressure hazard or the fragment hazard,
whichever requires the greater distance. In either case, for HD 1.1, PTRD is 60 percent of the
applicable IBD. Table AP2.T1. combines the HD 1.1 overpressure and fragment hazards into a
single table. For PESs other than ECMs, at an NEWQD < 30,000 Ibs [13,608 kg] the distance is
controlled by fragments and debris. When fragments and debris are absent, or the range to a
hazardous fragment density < 1/600 ft? is less than the blast overpressure hazard range (as
determined by test or analysis) or the hazardous fragment distance is specifically exempted (see
subparagraph C5.8.1.5.2.), then the blast overpressure criteria may be used. For HD 1.3 and 1.4,
PTRD and IBD are the same distance.
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C5.5.3. ILD is the required separation distance between a PES and other facilities related to
the explosives mission. ILD prevents propagation between two explosives locations and
provides minimal protection to adjacent facilities and personnel. For the exposures identified in
subparagraph C5.7.1.1., ILD for HD 1.1 can be reduced by placing appropriately constructed
barricades between a PES and exposed facilities. The HD 1.1 barricaded ILD is one half of the
unbarricaded ILD. ILD for HD 1.1, 1.3, and 1.4 does not consider fragment hazards.

C5.5.4. Intermagazine distance (IMD) is the required separation distance between PESs to
prevent one PES from simultaneously detonating an adjacent PES. IMD does not prevent the
possible delayed propagation from one PES to another; it only prevents simultaneous detonation.
The exception is between ECMs where IMD will provide virtually complete protection of AE
against the propagation effects of an explosion; however, AE in adjacent ECMs may be
damaged.

C5.6. EXPLOSION EFFECTS, EXPECTED CONSEQUENCES, EXPOSURE CONTROLS

C5.6.1. HD 1.1 Effects. Facility damage and personnel injury from HD 1.1 AE principally
depend on blast overpressure and impulse, although for limited quantities and certain types of
PESs or ESs, fragment hazards may determine QD. For general purposes, peak incident
overpressure is the blast parameter defining maximum permissible levels of exposure. However,
in specific instances the physical characteristics of exposed structures (such as mass, stiffness,
ductility, and so forth) can make blast impulse the principal damage-causing factor.

C5.6.1.1. Separation distances for ECMs provide virtually complete protection against
propagation of explosions among ECMs by blast, fragments, or fire. However, structural
damage ranging from cracks in concrete, damage to doors and ventilators, to complete structural
failure may occur.

C5.6.1.2. Aboveground magazine (AGM) distances provide considerable protection
against propagation of explosions among AGMs by blast. Depending on explosive type,
however, there is a risk of delayed propagation by fragments or of fire spreading from one
magazine to another. Properly designed and placed barricades reduce the risk of communicating
explosion through high-velocity, low-angle fragments. Without barricades, this risk is high.

C5.6.2. HD 1.1 Expected Consequences and Exposure Controls

C5.6.2.1. Barricaded AGM is 6W"? ft [2.38Q"* m], which yields or equates to an
overpressure of 27 pounds per square inch (psi) [186.1 kilopascal (kPa)]. At this distance:

C5.6.2.1.1. Unstrengthened buildings will be destroyed.

C5.6.2.1.2. Personnel will be killed by blast, by being struck by debris, or by impact
against hard surfaces.

C5.6.2.1.3. Transport vehicles will be overturned and crushed by the blast.
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C5.6.2.1.4. Explosives-loaded vessels will be damaged severely, with propagation of
explosion likely.

C5.6.2.1.5. Aircraft will be destroyed by blast, thermal, and debris effects.

C5.6.2.1.6. Barricades are effective in preventing immediate propagation of
explosion by high velocity low angle fragments. However, they provide only limited protection
against any delayed propagation of explosives caused by a fire resulting from high angle
firebrands.

C5.6.2.2. Barricaded ILD is 9W"? ft [3.57Q"* m], which yields or equates to an
overpressure of 12 psi [82.7 kPa]. At this distance:

C5.6.2.2.1. Unstrengthened buildings will suffer severe structural damage
approaching total destruction.

C5.6.2.2.2. Personnel will be subject to severe injuries or death from direct blast,
building collapse, or translation.

C5.6.2.2.3. Aircraft will be damaged beyond economical repair both by blast and
fragments. NOTE: If the aircraft are loaded with explosives, delayed explosions are likely to
result from subsequent fires.

C5.6.2.2.4. Transport vehicles will be damaged heavily, probably to the extent of
total loss.

C5.6.2.2.5. Improperly designed barricades or structures may increase the hazard
from flying debris, or may collapse in such a manner as to increase the risk to personnel and
equipment.

C5.6.2.2.6. Barricading is required. Direct propagation of explosion between two
explosive locations is unlikely when barricades are placed between them to intercept high-
velocity, low-angle fragments. Exposed structures containing high value, mission-critical
equipment or personnel may require hardening.

C5.6.2.3. Unbarricaded AGM distance is 11W** ft [4.36Q® m], which yields or equates
to an overpressure of 8 psi [55.3 kPa]. At this distance:

C5.6.2.3.1. Unstrengthened buildings will suffer damage approaching total
destruction.

C5.6.2.3.2. Personnel are likely to be injured seriously due to blast, fragments,
debris, and displacement.

C5.6.2.3.3. There is a 15 percent risk of eardrum rupture.
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C5.6.2.3.4. Explosives-loaded vessels are likely to be damaged extensively and
delayed propagation of explosion may occur.

C5.6.2.3.5. Aircraft will be damaged heavily by blast and fragments; destruction by
resulting fire is likely.

C5.6.2.3.6. Transport vehicles will sustain severe body damage, minor engine
damage, and total glass breakage.

C5.6.2.3.7. Barricading will significantly reduce the risk of propagation of explosion
and injury of personnel by high velocity low angle fragments.

C5.6.2.4. Unbarricaded ILD is 18W"? ft [7.14Q"* m], which yields or equates to an
overpressure of 3.5 psi [24 kPa]. At this distance:

C5.6.2.4.1. Direct propagation of explosion is not expected.

C5.6.2.4.2. Delayed propagation of an explosion may occur at the ES, as either a
direct result of a fire or as a result of equipment failure.

C5.6.2.4.3. Damage to unstrengthened buildings may approximate 50 percent or
more of the total replacement cost.

C5.6.2.4.4. There is a 2 percent chance of eardrum damage to personnel.

C5.6.2.4.5. Personnel may suffer serious injuries from fragments, debris, firebrands,
or other objects.

C5.6.2.4.6. Aircraft can be expected to suffer considerable structural damage from
blast. Fragments and debris are likely to cause severe damage to aircraft at distances calculated
from the formula 18W** [7.14Q®] when small quantities of explosives are involved.

C5.6.2.4.7. Transport vehicles will incur extensive (but not severe) body and glass
damage consisting mainly of dishing of body panels and cracks in shatter-resistant window glass.

C5.6.2.4.8. Suitably designed suppressive construction at PESs or protective
construction at ESs may be practical for some situations. Such construction is encouraged when
there is insufficient distance to provide the required protection.

C5.6.2.5. PTRD for under 100,000 Ibs of high explosives is 24W"? ft [9.52Q" m],
which yields or equates to an overpressure of 2.3 psi [15.8 kPa]. At this distance:

C5.6.2.5.1. Unstrengthened buildings can be expected to sustain damage that may
approximate 20 percent of the replacement cost.
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C5.6.2.5.2. Occupants of exposed structures may suffer temporary hearing loss or
injury from blast effects, building debris, and displacement.

C5.6.2.5.3. Although personnel in the open are not expected to be killed or seriously
injured by blast effects, fragments and debris may cause some injuries. The extent of these
injuries depends largely upon the PES structure and the amount and fragmentation characteristics
of the AE involved.

C5.6.2.5.4. Vehicles on the road should suffer little damage, unless they are hit by a
fragment or the blast causes a momentary loss of control.

C5.6.2.5.5. Aircraft may suffer some damage to the fuselage from blast and possible
fragment penetration, but should be operational with minor repair.

C5.6.2.5.6. Barricading can reduce the risk of injury or damage due to fragments for
limited quantities of AE at a PES. When practical, suitably designed suppressive construction at
the PES or protective construction at the ES may also provide some protection.

C5.6.2.6. PTRD for over 250,000 Ibs HE is 30W"? ft [11.9Q"* m], which yields or
equates to an overpressure of 1.7 psi [11.7 kPa]. At this distance:

C5.6.2.6.1. Unstrengthened buildings can be expected to sustain damage that may
approximate 10 percent of their replacement cost.

C5.6.2.6.2. Occupants of exposed, unstrengthened structures may be injured by
secondary blast effects such as falling building debris.

C5.6.2.6.3. Pilots of aircraft that are landing or taking off may lose control and crash.

C5.6.2.6.4. Parked military and commercial aircraft will likely sustain minor damage
due to blast, but should remain airworthy.

C5.6.2.6.5. Although personnel in the open are not expected to be killed or seriously
injured by blast effects, fragments and debris may cause some injuries. The extent of these
injuries will largely depend upon the PES structure, the NEW, and the fragmentation
characteristics of the AE involved.

C5.6.2.6.6. Barricading or the application of minimum fragmentation distance
requirements may reduce the risk of injury or damage due to fragments for limited quantities of
AE at a PES.

C5.6.2.7. IBD varies from 40W** ft to 50W"? ft [15.87Q"" - 19.8Q"* m], which yields

or equates to an overpressure between 1.2 psi and 0.90 psi [8.3 kPa - 6.2 kPa]. See Note 4 of
AP2.T1. for more detail. At this distance:
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C5.6.2.7.1. Unstrengthened buildings can be expected to sustain damage that
approximates 5 percent of their replacement cost.

C5.6.2.7.2. Personnel in buildings are provided a high degree of protection from
death or serious injury; however, glass breakage and building debris may still cause some
injuries.

C5.6.2.7.3. Personnel in the open are not expected to be injured seriously by blast
effects. Fragments and debris may cause some injuries. The extent of injuries will depend upon
the PES structure and the NEW and fragmentation characteristics of the AE involved.

C5.6.2.7.4. Elimination of glass surfaces is the best control. If determined to be
necessary, reducing the use of glass or the size of any glass surfaces and the use of blast resistant
glass will provide some relief. For new construction, building design characteristics -- to include
consideration of how any required glass surfaces are oriented and use of blast resistant glass --
can reduce glass breakage and structural damage.

C5.6.3. Hazard Division 1.2 Effects. Facility damage and personnel injury from HD 1.2 AE
principally depend on fragmentation. Fragmentation may include primary fragments from AE
casings or secondary fragments from containers and structures. HD 1.2, when not stored with
HD 1.1 or HD 1.5, is not expected to mass detonate. An incident involving HD 1.2 by itself or
when stored with HD 1.3, HD 1.4, or HD 1.6 AE can be expected to both explode sporadically
and burn over a prolonged period of time. The progressive nature of an HD 1.2 event minimizes
the thermal hazard by allowing personnel time to evacuate and fire suppression systems to
extinguish fires in their early stages. Airblast, fragment, and thermal hazards to buildings,
parked aircraft, and vehicles cannot be predicted reliably because the effects will depend on the
MCE.

C5.6.4. HD 1.3 Effects. Inan HD 1.3 event, heat flux presents the greatest hazard to
personnel and assets. HD 1.3 substances include both fuel components and oxidizers. Burning
these materials emits fuel-rich flammable gases, fine particles, or both. This unburned material
may ignite when it comes in contact with air and cause a large fireball. This fireball will expand
radially from the ignition site and could wrap around obstacles, even those designed to provide
line-of-sight protection from HD 1.1 events. Under certain circumstances of minimal venting
and extreme structural containment, HD 1.3 material can transfer from a deflagration to a
detonation. Internal gas pressures may produce fragments that are generally large and have low
velocity. Firebrands can be thrown more than 50 ft [15 m] from the incident site and present a
severe fire-spread hazard. Exposed personnel may receive severe burns from fireballs or flash
burning. Buildings, vehicles, and aircraft may be ignited by radiant heat, sparks, or firebrands or
may be damaged by heat (searing, buckling, etc.).

C5.6.5. HD 1.4 Effects. HD 1.4 presents no blast hazard, no fragment hazard with
appreciable energy, and only a moderate fire hazard. A fireball or jet of flame may extend 3 ft
[1 m] beyond the location of the HD 1.4 event. A burning time of less than 330 seconds
[5.5 minutes] for 220 Ibs [100 kg] of the HD 1.4 AE is expected.
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C5.6.6. HD 1.5 Effects. HD 1.5 effects are similar to those produced by HD 1.1, without the
fragmentation effects.

C5.6.7. HD 1.6 Effects. HD 1.6 effects are similar to those produced by HD 1.3.

C5.7. PERMISSIBLE EXPOSURES

C5.7.1. HD 1.1 Blast Overpressure

C5.7.1.1. At sites exposed to potential blast overpressure of 12 psi [82.7 kPa] occurring
at 9W? [3.57Q*] (see Table AP2.T4. and Table AP2.T5.), with a barricade meeting the
requirements of paragraph C5.18.17., these facilities or operations are permitted:

C5.7.1.1.1. Buildings housing successive steps of a single production, renovation, or
maintenance operation.

C5.7.1.1.2. Breakrooms and change houses that are both part of an operating line and
used exclusively by personnel operating the line. An exception is when the breakroom is integral
to the PES and used only by personnel from that PES. For this situation, no QD applies.

C5.7.1.1.3. Dunnage preparation or similar non-AE operations, if used only by
personnel employed at the PES.

C5.7.1.1.4. Temporary holding areas for AE conveyances servicing production or
maintenance facilities.

C5.7.1.1.5. AE related operations in magazine areas, when performing minor
maintenance, preservation, packaging, or surveillance inspection.

C5.7.1.1.6. Barricaded service magazines that are part of an operating line.
Separation distances shall be based on the NEWQD and the HD of the AE in the magazine and
not that of the operating line.

C5.7.1.1.7. Exceptions:

C5.7.1.1.7.1. Unmanned auxiliary utility facilities (e.g., transformer stations,
water treatment and pollution abatement facilities) that serve, but are not an integral function in,
the PES and would not create an immediate secondary hazard if lost. Such unmanned facilities
need not be barricaded. See subparagraph C5.18.1.2. for situations in which auxiliary facilities
serving only one PES or AE operation are permitted to be separated from the facility or operation
they support based on fire separation distance only.

C5.7.1.1.7.2. Unmanned auxiliary power generation or conversion facilities that
exclusively supply power to an AE storage area or security fence lighting may be located at fire
protection distance (50 ft [15.2 m] for non-combustible structures, 100 ft [30.5 m] for
combustible structures) from AE facilities.
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C5.7.1.2. At sites exposed to potential blast overpressure of 3.5 psi [24 kPa] occurring at
18W* 3 [7.14Q"] (see Tables AP2.T4. and AP2.T5.), these facilities or operations are permitted:

C5.7.1.2.1. Labor-intensive AE operations (e.g., surveillance, maintenance,
inspection) closely related to the PES.

C5.7.1.2.2. Buildings, excluding magazine-area loading docks, for comfort, safety, or
convenience (e.g., lunchrooms, motor pools, area offices, auxiliary fire stations, transportation
dispatch points, and shipping and receiving buildings) that are used exclusively in support of the
PES.

C5.7.1.2.3. Parallel operating lines, whether or not barricaded, provided the AE
involved in each operating line present similar hazards. For purposes of this Manual only,
“similar hazards” are defined as similar sensitivities to initiation. NOTE: The criticality or
survivability of one or more of the operating lines may require that each line be given IBD-level
protection.

C5.7.1.2.4. Operational support buildings (day rooms, operation offices, training and
similar functional facilities) used and attended only by personnel operating the PES.

C5.7.1.2.5. Auxiliary power plants; compressor stations; electric power transformers;
tool rooms; and buildings housing materials handling equipment service, battery charging, and
minor repair.

C5.7.1.2.6. Unbarricaded service magazines that are part of operating lines.
Separation distances shall be based on the NEWQD and the HD of the AE in the magazine and
not that of the operating line.

C5.7.1.2.7. Container stuffing and unstuffing operations that provide routine support
to a PES. This subparagraph only applies to main support functions set aside for support of
manufacturing operations. Container stuffing and unstuffing in magazine areas are permitted at
IMD (Tables AP2.T6, AP2.T7A., AP2.T7B., and AP2.T8.). Loading and unloading of a
conveyance at a magazine may be permitted without regard to QD between the magazine and the
operation if the requirements of paragraph C5.18.4. are met.

C5.7.1.2.8. Parking lots for privately owned automobiles belonging to personnel
employed at or stationed at multiple PESs. When a parking lot supports a single PES, it may be
separated at less than ILD only from its associated PES facility. A minimum distance of 100 ft
[30.5 m] is required to the associated PES facility to protect it from vehicle fires. Access for
emergency vehicles shall be provided.

C5.7.1.2.9. Exposures indicated in this section that are provided blast suppression

and structure hardening so that comparable protection levels for personnel and equipment as
provided by 18W** [7.14Q®] may be sited at 9W"* [3.57Q"].
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C5.7.1.3. At sites exposed to potential blast overpressure of 2.3 psi [15.86 kPa] occurring
at 24W** [9.52Q"] (see Table AP2.T1.), personnel exposed to remotely controlled operations
are permitted. NOTE: Personnel at remote operations shall also be protected from fragment and
thermal hazards. Personnel at control stations less than 24W? from the PES shall be protected
from fragments to energies of less than 58 ft-1bs [79 joules], thermal fluxes to 0.3 calories per
square centimeter per second [12.56 kwatts/m?], and shall not be exposed to overpressure greater
than 2.3 psi [15.86 kPa].

C5.7.1.4. At sites exposed to potential blast overpressure of 2.3-1.7 psi [15.8-11.7 kPa]
occurring at 24-30W*° [9.52-11.9Q%] (see Table AP2.T1.), these facilities or operations are
permitted:

C5.7.1.4.1. Public traffic routes with medium and low traffic density as described in
subparagraph C5.8.1.7.5.

C5.7.1.4.2. Open-air recreation facilities such as baseball diamonds, golf courses,
and volleyball courts used by personnel assigned to the plant, where structures are not involved.

C5.7.1.4.3. Parking lots for administrative areas. NOTE: Minimum fragment
distances apply.

C5.7.1.4.4. Inert storage located in the open (no structures involved) when not
directly related to the explosives mission and when accessed by personnel not directly related to
the explosives mission. (See subparagraph C5.7.1.5.8. if located within a structure.)

C5.7.1.5. At sites exposed to potential blast overpressure of 1.2 - 0.90 psi [8.3 — 6.2 kPa]
occurring at 40 - 50WY? [15.87 - 19.84Q™] (see Table AP2.T1.), these facilities or operations
are permitted:

C5.7.1.5.1. Inhabited buildings; administrative and housing areas.

C5.7.1.5.2. Plant boundaries. The IBD blast overpressure (K40 — 50) distance may
extend onto uninhabited areas (such as wildlife preserve, desert, prairie, swamp, forest,
agricultural land, or government land not open to the public) adjacent to contractor facilities but
not within control of the contractor when access is restricted or controlled either naturally or by
some other means. When IBD QD arcs extend past the plant boundary the contractor shall
certify in his site plan that IBD protection is not required for the encumbered area and shall
establish procedures to monitor the area for any change in status.

C5.7.1.5.3. Recreation facilities (e.g., ball diamonds, golf courses, and volleyball
courts) that contain structures.

C5.7.1.5.4. Utilities providing vital utilities to a major portion of a DoD contractor
plant.

C5.7.1.5.5. Storehouses and shops having strategically or intrinsically valuable
contents that shall not be jeopardized.
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C5.7.1.5.6. Functions that, if momentarily out of action, would cause an immediate
secondary hazard by reason of their failure to function.

C5.7.1.5.7. Public traffic routes with high traffic density as described in
subparagraph C5.8.1.7.5.

C5.7.1.5.8. Inert storage located in a structure when not directly related to the
explosives mission and when accessed by personnel not directly related to the explosives
mission. (See subparagraph C5.7.1.4.4. if no structure is involved.)

C5.7.2. HD 1.2, HD 1.3, HD 1.4, and HD 1.6 Hazards

C5.7.2.1. ILD. The exposures listed in subparagraphs C5.7.1.1. and C5.7.1.2. are
permissible at the ILDs specified in applicable tables in Appendix 2 for HD 1.2, HD 1.3, HD 1.4,
and HD 1.6. Barricades are insignificant on the ILDs in these tables without specific analysis.

C5.7.2.2. PTRD. The exposures listed in subparagraph C5.7.1.4. are permissible at the
PTRDs specified in applicable tables in Appendix 2 for HD 1.2, HD 1.3, HD 1.4, and HD 1.6.

C5.7.2.3. IBD. The exposures listed in subparagraph C5.7.1.5. are permissible at the
IBDs specified in applicable tables in Appendix 2 for HD 1.2, HD 1.3, HD 1.4, and HD 1.6.

C5.8. HAZARDOUS FRAGMENT DISTANCE (HFD)

C5.8.1. An important consideration in the analysis of the hazards associated with an
explosion is the effect of any fragments produced. Although the predominant hazard for HD 1.1
is blast overpressure, an incident involving this HD may project hazardous fragments greater
distances than the blast overpressure. Depending on their origin, fragments are referred to as
“primary” or “secondary” fragments.

C5.8.1.1. Primary fragments result from the shattering of a container (e.g., shell casings,
kettles, hoppers, and other containers used in the manufacture of explosives and rocket engine
housings) in direct contact with the explosive. These fragments usually are small, initially travel
at thousands of feet per second, and may be lethal at long distances from an explosion.

C5.8.1.2. Secondary fragments are debris from structures and other items in close
proximity to the explosion. These fragments, which are somewhat larger in size than primary
fragments and initially travel at hundreds of feet per second, do not normally travel as far as
primary fragments.
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C5.8.1.3. The minimum HFD for protection from hazardous fragments shall be based on
primary and secondary fragments from the PES and the population or traffic density of the ES.
“Minimum HFD” is defined as the distance at which the density of hazardous fragments
becomes one (1) hazardous fragment per 600 ft* [55.7 m?]. A hazardous fragment is one having
an impact energy of 58 ft-Ib [79 joules] or greater. The test protocol for determining the HFD is
described in Reference (i).

C5.8.1.4. HFDs do not indicate the maximum range to which fragments may be
projected, and therefore do not provide complete protection from fragments.

C5.8.1.5. QD criteria recognize the operational need for some personnel and facilities to
be in the proximity of explosives and the risk of these exposures to fragment hazards is
unavoidable. Therefore, HFD does not apply to all exposures.

C5.8.1.5.1. Minimum HD 1.1 HFDs apply to:

C5.8.1.5.1.1. Plant boundaries. The minimum HFD distance may extend onto
uninhabited areas (such as wildlife preserve, desert, prairie, swamp, forest, agricultural land, or
government land not open to the public) adjacent to contractor facilities but not within control of
the contractor when access is restricted or controlled either naturally or by some other means.
When HFD QD arcs extend past the plant boundary, the contractor’s site plan shall certify that
HFD protection is not required for the encumbered area and shall establish procedures to monitor
the area for any change in status.

C5.8.1.5.1.2. Administration and housing areas.

C5.8.1.5.1.3. Recreation facilities, e.g., ball diamonds, golf courses, and
volleyball courts. (See subparagraph C5.8.1.5.2.1. for situations where minimum fragment
distances do not apply to recreational facilities.)

C5.8.1.5.1.4. Flight-line passenger service functions, e.g., terminal buildings.

C5.8.1.5.1.5. Utilities that provide vital utilities to a major portion of a DoD
contractor plant.

C5.8.1.5.1.6. Inert storage and shops that, by reason of their vital strategic nature
or high intrinsic value of their contents, should not be placed at risk.

C5.8.1.5.1.7. Functions that, if momentarily put out of action, would cause an
immediate secondary hazard by reason of their failure to function.

C5.8.1.5.1.8. Private vehicles parked in administrative areas.

C5.8.1.5.2. Examples where minimum HD 1.1 HFDs do not apply:
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C5.8.1.5.2.1. Recreation or training facilities when such facilities are located near
AE support operations and are used solely by DoD contractor personnel who directly support
these AE operations.

C5.8.1.5.2.2. AE related and support facilities and functions for which IMD and
ILD would normally apply.

C5.8.1.5.2.3. Between a PES and inert storage, whether in a facility or in the
open.

C5.8.1.5.2.4. Between facilities in an operating line; between operating lines; and
between operating lines and storage locations.

C5.8.1.5.2.5. From PESs when engineering analysis, computer modeling, or
testing demonstrate that fragments from the MCE are contained within the PES and the PES does
not produce secondary fragments, or that the HFD is less than the minimum fragment distance
specified in applicable QD tables in Appendix 2. Examples of potential fragment reduction
methods include protective structures, suppressive shields, blast mats and curtains, equipment
design and location, and barricades or terrain capable of stopping low angle, high velocity
fragments. The demonstrated and documented reduced range becomes the minimum HFD.

C5.8.1.6. Selected AE items have been evaluated for minimum HFD and are listed in
Table AP2.T3. Other AE items, through testing, have been hazard classified with a specific
HFD presented in the format HD (xx) 1.1 or 1.3. The HFD for these items is specified in
hundreds of feet (in parenthesis), and they may not be listed in Table AP2.T3. The distances for
these two categories of select items apply only to items in the open. When in facilities,
secondary debris as well as primary fragments must be considered.

C5.8.1.7. For exposures requiring HFD (see subparagraph C5.8.1.5.1.) and when HFD
has not been established or is not known, the minimum default HFD shall apply (HFD for public
traffic route (PTR) is 60 percent of the specified HFD for IBD):

C5.8.1.7.1. For all types of HD 1.1 in quantities < 450 Ibs NEWQD [204 kg], the
HFD shall be determined as:

C5.8.1.7.1.1. For HD 1.1 in a 7-Bar or a 3-Bar ECM, use “Earth-Covered
Magazine” distances shown in Table AP2.T1. as discussed in section C5.9.

C5.8.1.7.1.2. For HD 1.1 in an undefined ECM, where the loading density =

NEWQD (Ibs)/internal volume (ft%) is < 0.028 Ibs/ft® [0.449 kg/m?], use “Earth-Covered
Magazine” distances shown in Table AP2.T1., as discussed in section C5.9.
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C5.8.1.7.1.3. For HD 1.1 in an undefined ECM where the loading density is >
0.028 Ibs/ft® [0.449 kg/m®], use “Earth-Covered Magazine - side and rear” distances of Table
AP2.T1. For front exposure, apply the greater of “Earth-Covered Magazine — front” IBD
distance of Table AP2.T1. or the HFD from the "STRUCTURE" column of Table AP2.T2. for
the NEW in the ECM.

C5.8.1.7.1.4. Where ECMs, regardless of structural designation, have been
designed, analyzed, or tested to have a reduced IBD and have been approved by the PCO for
COCO and DDESB for government-owned, contractor-operated (GOCO) facilities, use the
approved IBD.

C5.8.1.7.1.5. For HD 1.1 in a structure (excluding ECMs) capable of stopping
primary fragments, but which can contribute to the debris hazard, use hazardous debris and
PTRD distances found in Table AP2.T11. Structures that are capable of stopping primary
fragments include all heavy wall (H) and heavy wall/roof (H/R) aboveground structure/site
(AGS), as defined in the legend for Table AP2.T9. Doors and other openings through which
primary fragments could exit must be capable of stopping primary fragments from exiting the
facility or shall be barricaded in accordance with (IAW) paragraph C5.18.17. in order to trap
primary fragments that could exit the facility.

C5.8.1.7.1.6. For HD 1.1 in the open or in a structure incapable of stopping
primary fragments, use HFD listed in the “OPEN” column of Table AP2.T2. Structures (other
than ECMs) that are capable of stopping primary fragments include all H and H/R AGSs, as
defined in the legend for Table AP2.T9. All other structures (other than ECMSs) are considered
incapable of stopping primary fragments.

C5.8.1.7.1.7. The HFD for selected AE items that have established minimum
HFDs (i.e., those listed in Table AP2.T3. and those with a numerical figure in parentheses in
their HD designators) apply only to these items in the open. When AE is stored in operating
facilities, secondary debris as well as primary fragments must be considered. If in a facility
designed to contain primary fragments, apply criteria of subparagraphs C5.8.1.7.1.1. through
C5.8.1.7.1.5. If the AE is in a facility that was not designed to stop primary fragments, compare
the HFD from Table AP2.T3. for the item being considered, or the HFD associated with the
(xx)(1.1) item, to the HFD in the “OPEN” column of Table AP2.T2. and use the greater distance
for determining the applicable HFD.

C5.8.1.7.1.8. For bare explosives in the open, distance is computed by the
formula d=40W"* [15.87Q""] .

C5.8.1.7.2. For HD 1.1 NEWQDs in the range 451 to 30,000 Ibs [205 to 13,608 kg],
HFD shall be determined according to the criteria indicated:
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C5.8.1.7.2.1. The minimum HFD shall be 1250 ft [381 m] as shown in Table
AP2.T1. Lesser distances are permitted if supported by a structural analysis. Facilities sited at
1,235 ft [376 m] or 1,245 ft [380 m] per past standards shall be considered to be in compliance
with the 1,250 ft [381 m] minimum requirement.

C5.8.1.7.2.2. For HD 1.1 in a 7-Bar or a 3-Bar ECM, use “Earth-Covered
Magazine” distances shown in Table AP2.T1., as discussed in section C5.9.

C5.8.1.7.2.3. For HD 1.1 in an undefined ECM, where the loading density is <
0.028 Ibs/ft® [0.449 kg/m®], use “Earth-Covered Magazine” distances of Table AP2.T1. as
discussed in section C5.9.

C5.8.1.7.2.4. For HD 1.1 in an undefined ECM with minimum internal
dimensions of 26 ft [7.92 m] wide and 60 ft [18.29 m] long, use “Earth-Covered Magazine - side
and rear” distances of Table AP2.T1. and “Other PES” distance of Table AP2.T1. for the front
exposure.

C5.8.1.7.2.5. For HD 1.1 in an undefined ECM where the loading density is >
0.028 Ibs/fts [0.449 kg/m®] and internal dimensions are less than 26 ft [7.92 m] wide and 60 ft
[18.29 m] long, use “Other PES” distances of Table AP2.T1. for front, side, and rear exposures.

C5.8.1.7.2.6. The HFD for selected AE items that have established minimum
fragment distances (i.e., those listed in Table AP2.T3. and those with a numerical figure in
parentheses in their HD designators) apply only to these items in the open. When these items are
placed in a facility, apply the criteria of subparagraphs C5.8.1.7.2.1. through C5.8.1.7.2.5., as
appropriate.

C5.8.1.7.2.7. For bare explosives in the open, distance is computed by the
formula d=40W*"3[15.87Q""].

C5.8.1.7.3. For HD 1.1 NEWQDs > 30,000 Ibs [13,608 kg], HFD will be in
accordance with Table AP2.T1. Subparagraphs C5.8.1.7.3.1. through C5.8.1.7.3.4. apply to use
of the reduced “Earth-Covered Magazine” distances shown in Table AP2.T1., for the NEW
range between 30,000 Ibs [13,608 kg] and 250,000 Ibs [113,398 kg]:

C5.8.1.7.3.1. ForHD 1.1 in a 7-Bar or a 3-Bar ECM, where internal dimensions
are a minimum of 26 ft [7.92 m] wide and 60 ft [18.29 m] long, use “Earth-Covered Magazine”
distances shown in Table AP2.T1.

C5.8.1.7.3.2. ForHD 1.1 in a 7-Bar or a 3-Bar ECM, where internal dimensions

are less than 26 ft [7.92 m] wide and 60 ft [18.29 m] long, use “Other PES” distances of Table
AP2.T1. for front, side, and rear exposures.
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C5.8.1.7.3.3. For HD 1.1 in an undefined ECM, where internal dimensions are a
minimum of 26 ft [7.92 m] wide and 60 ft [18.29 m] long, use “Earth-Covered Magazine - side
and rear” distances of AP2.T1. and “Other PES” distances of Table AP2.T1. for the front
exposure.

C5.8.1.7.3.4. For HD 1.1 in an undefined ECM, where internal dimensions are
less than 26 ft [7.92 m] wide and 60 ft [18.29 m] long, use “Other PES” distances of Table
AP2.T1. for front, side, and rear exposures.

C5.8.1.7.4. For sparsely populated locations, the minimum 1,250 ft [381 m] fragment
distance may be reduced to 900 ft [274 m] if the NEWQD of the PES does not exceed 11,400 Ibs
[5,171 kg]. For this purpose, “sparsely populated” is defined as no more than 25 persons located
in any sector bounded by the sides of a 45 degree angle, with the vertex at the PES and the 900 ft
[274 m] and 1,250 ft [381 m] arcs from the PES.

C5.8.1.7.5. For PTRs, the minimum HFD for HD 1.1 AE shall be based on the traffic
density considered at three levels: high, medium, and low traffic density. The traffic density
shall be averaged over a normal (non-holiday) week in terms of number of passengers during a
24-hour period. Minimum fragment distance reductions based on sparse population
considerations addressed in subparagraph C5.8.1.7.4. do not apply to PTRs. In applying criteria
other than the default values given in subparagraphs C5.8.1.7.5.1. through C5.8.1.7.5.4. (which
are based on car (and rail) speed of 50 mph [80 kph], and a ship speed of 10 mph [16 kph]),
considerations such as speed of vehicles, number of passengers per vehicle, protection afforded
by the vehicle, variation in daily traffic levels in relation to AE activities, and seasonal traffic
trends shall be taken into account to establish exposure levels. The default value of two
passengers per car may be used to estimate traffic density.

C5.8.1.7.5.1. High Traffic Density. If routes have 10,000 or more car or rail
passengers per day, or 2,000 or more ship passengers per day, then HFD criteria apply.

C5.8.1.7.5.2. Medium Traffic Density. If routes have between 400 and 10,000
car or rail passengers per day, or between 80 and 2,000 ship passengers per day, then 60 percent
of the specified minimum HFD for IBD applies. As a minimum, these criteria apply to any
recreational activity that is extensive and occurs on a regular basis.

C5.8.1.7.5.3. Low Traffic Density. If routes have fewer than 400 car or rail
passengers per day, or fewer than 80 ship passengers per day, then no minimum fragment
distance is required. Minimum distance shall be based on blast criteria (24W"%/30W"?
[9.52Q%/11.9Q")).

C5.8.1.7.5.4. Miscellaneous. For other exposures that are permitted at PTRD,
fragment distance minima for HD 1.1 AE shall be at least 60 percent of the specified minimum
HFD for IBD.
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C5.9. IBD and PTRD

C5.9.1. Subparagraph C5.8.1.7. specifies the required separation distances to inhabited
buildings and public traffic routes for ECMs and other types of PESs containing HD 1.1.
Permissible exposures at these distances are listed in subparagraphs C5.7.1.4. and C5.7.1.5.

C5.9.2. Specified separations from ECMs consider reductions in blast overpressure
attributable to the earth cover of ECMs, when the earth cover has a minimum thickness of 2 ft
[0.61 m]. See subparagraph C5.8.1.7. for application of “Earth-Covered Magazine” distances of
Table AP2.T1. to 7-Bar, 3-Bar, and undefined ECMs. The definitions for “front,” “side,” and
“rear” for ECMs are illustrated in Figure AP3.F1. and are:

C5.9.2.1. The forward sector or “front” of an ECM is that area 60 degrees on either side
of the ECM’s centerline (120 degrees combined angle), with the vertex of the angle placed so
that the sides of the angle pass through the intersection of the headwall and sidewalls.

C5.9.2.2. The rear sector or “rear” of an ECM is that area 45 degrees on either side of the
magazine centerline (90 degrees combined angle), with the vertex of the angle placed so that the
sides of the angle pass through the intersection of the rear and side walls.

C5.9.2.3. All other orientations are considered “side” sectors.

C5.10. ILD

C5.10.1. Separation Distances. Separation distances required between AE and non-AE
buildings and sites within an AE operating line are listed for various quantities of HD 1.1 AE in
Table AP2.T5. Permissible exposures at ILD are listed in subparagraphs C5.7.1.1. (barricaded
ILD) and C5.7.1.2. (unbarricaded ILD). In order to apply barricaded ILD, barricades must
comply with paragraph C5.18.17. NOTE: The separation distance between an operating
building and its service magazine shall be based on the NEWQD and the HD of the AE in the
magazine and not that of the operating line.

C5.10.2. 1LD From ECMs. Testing has shown that some attenuation of airblast overpressure
relative to an unconfined surface burst occurs out the sides and rear of an ECM and a slight
increase occurs out the front of an ECM. The equivalent 9W?[3.57Q"] (12 psi [82.7 kPa]
(barricaded)) and 18W*3[7.14 Q'] (3.5 psi [24 kPa] (unbarricaded)) ILD from an ECM, when
accounting for this attenuation, are given in Table AP2.T4. NOTE: Airblast forms the basis for
the equations given in the Notes in this table. Paragraph C5.11.3. provides criteria for the
application of barricaded ILD from ECMs.
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C5.11. IMD

Magazines for HD 1.1 shall be separated one from another per Tables AP2.T6., AP2.T7., and
AP2.T8. (NOTE: Table AP2.T6. provides orientation relationships for ECMs; Tables AP2.T7.
and AP2.T8. provide the actual separation distances.)

C5.11.1. For examples of siting rules for various magazine orientations, see Figures AP3.F1.
through AP3.F7.

C5.11.2. Other factors limiting ECM storage include:

C5.11.2.1. Quantities above 500,000 Ibs [226,795 kg] NEWQD in one ECM are not
authorized, except for energetic liquids.

C5.11.2.2. The 7-foot separation distance given in Table AP2.T7. for 100 Ibs [45.4 kg]
NEWQD constitutes the minimum side-to-side magazine separation distance.

C5.11.3. Application of barricaded ILD and barricaded IMD from an ECM. Figure AP3.F7.
illustrates the IMD relationships that can exist between an ECM and AGM and the ILD
relationships that can exist between an ECM and facilities permitted to be at ILD or barricaded
ILD from an ECM, when each contain HD 1.1 AE. Permissible exposures at ILD are listed in
subparagraphs C5.7.1.1. (barricaded ILD) and C5.7.1.2. (unbarricaded ILD). Siting criteria for
AGMs are provided in Table AP2.T6. These criteria shall apply to the use of barricaded IMD
for AGMs and for use of barricaded ILD:

C5.11.3.1. Front Sector of an ECM. Use of barricaded ILD or barricaded IMD, as
applicable, between an ECM and a facility located within the ECM’s front sector requires that a
properly constructed, intervening barricade be located between the ES and the PES. This
barricade must meet the construction and location criteria of section C5.18.17. If it does not
meet these criteria, then unbarricaded IMD or unbarricaded ILD, as applicable, shall be used for
siting purposes.

C5.11.3.2. Side and Rear Sectors of an ECM. If an ECM’s earth cover meets all
construction criteria of subparagraph C5.18.17.2., it will qualify as a barricade. Use of
barricaded ILD or barricaded IMD, as applicable, from the sides or rear of the ECM is
permissible. Failure of the ECM’s earth cover to meet these criteria shall require use of
unbarricaded IMD or unbarricaded ILD, as applicable, for siting purposes.

C5.11.4. These IMD standards apply only to storage of HD 1.1 AE. Existing ECMs,
regardless of orientation, that meet the construction and barricading requirements of C5.18.17.
and are sited one from another for a minimum of 100 Ibs [45.4 kg] NEWQD of HD 1.1 may be
used to their physical storage capacity for HD 1.2, HD 1.3, and HD 1.4 AE; provided distances
to other exposures comply with applicable QD requirements.
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C512. HD 1.2

C5.12.1. HD 1.2 are items configured for storage and transportation that do not mass
detonate when a single item or package in a stack is initiated. Explosions involving the items
result in their burning and exploding progressively with no more than a few at a time reacting.
These reactions will project fragments, firebrands, and unexploded items from the explosion site.
Blast effects are limited to the immediate vicinity and are not the primary hazard.

C5.12.2. Small quantities of HD 1.2.1 (< 450 Ibs NEWQD [204 kg],), in certain packaging
configurations, will react in a manner more typical of an HD 1.1 event. When located in
structures that stop primary fragments, but which generate a secondary debris hazard (e.qg.,
certain ECMs and hardened structures), the structural damage and debris hazards produced from
these events are more characteristic of an HD 1.1 explosion rather than the progressive nature of
an HD 1.2.1 event as described above. When the NEWQD and the MCE of the packaged HD
1.2.1 items fall within the ranges specified in the equation {NEWQD < MCE < 450 Ibs [204
kg]}, the HD 1.2.1 shall be treated as HD 1.1 and the criteria of subparagraph C5.8.1.7.1., as
applicable, shall be used. If they fall outside the ranges of the equation, then the criteria of Table
AP2.T9. shall be applied.

C5.12.3. The NEW of an HD 1.2 item (used for transportation) is the sum of the weight of
the HD 1.1 and HD 1.3 material contained within the item. The NEWQD for an item is equal to
NEW (NEWQD = NEW) unless testing has been conducted. Based on testing, the NEWQD
may include a reduced contribution (< 100 percent) from the HD 1.3 material as a result of the
HD 1.1 material being functioned. The NEWQD should be determined by the Single Package
Test (United Nations (UN) Test 6 (a) or its equivalent), not the Bonfire Test (UN Test 6 (c))
(Reference (i)). The NEWQD for a specific item may be obtained from the JHCS. The effects
produced by the functioning of HD 1.2 items vary with the size and weight of the item. HD 1.2
AE is separated into two subdivisions in order to account for the differences in magnitude of
these effects for purposes of setting QD criteria. The more hazardous items are referred to as HD
1.2.1 items. The less hazardous items are referred to as HD 1.2.2. NOTE: It is important not to
exaggerate the significance of the value of 1.60 Ibs [0.73 kg] used to differentiate HD 1.2.1 from
HD 1.2.2. This value is based on a break point in the database supporting the QD relationships
and tables and the NEWQD of the rounds tested. If comprehensive data are available for a
particular item, then the item may be placed in that category of HD 1.2 supported by the data and
allocated the relevant QDs:

C5.12.3.1. HD 1.2.1: NEWQD > 1.60 Ibs [0.73 kg]
C5.12.3.2. HD 1.2.2: NEWQD < 1.60 Ibs [0.73 kg]
C5.12.4. The MCE for HD 1.2.1 is the NEWQD of an item times the number of items in

three unpalletized, outer shipping packages, unless testing or analogy demonstrates a different
MCE. The authorized MCE for a specific HD 1.2.1 item is listed in the JHCS.
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C5.12.5. The QD specified for HD 1.2 AE achieve the desired degree of protection against
immediate hazards from an incident. Events involving HD 1.2 items lob large amounts of
unexploded rounds, components, and subassemblies that will remain hazardous after impact.
Such items are likely to be more hazardous than their original state because of possible damage
by heat and impact to fuse, safety device, energetic, or other features. Many types of AE
containing submunitions, such as cluster bombs, can be expected to be projected out to distances
as great as the relevant inhabited building distances. Furthermore, it is impractical to specify
QDs, which allow for the maximum possible flight ranges of propulsive items.

C5.12.6. Table AP2.T9. provides a summary matrix of all the appropriate IBD, PTRD, and
ILD separations for HD 1.2.1 and HD 1.2.2 AE, for the various combinations of ESs and PESs.
When HD 1.2.1 items are stored in structures that may contribute to the debris hazard, the IBD is
determined by using the larger of two distances: either that given in Table AP2.T10. for the
appropriate explosive weight (number of items times NEWQD) or that given in Table AP2.T11.
for the appropriate MCE. NOTE: Hazardous debris distance (HDD) specified in Table
AP2.T11. equates to IBD.

C5.12.7. IMD is dependent upon the types of structures acting as both the PES and the ES.

C5.12.8. PTRDs given in Tables AP2.T9. through AP2.T12. give consideration to the
transient nature of the exposure in the same manner as for HD 1.1. PTRD is computed as 60
percent of the IBD for items in this HD, with minimum distances specified in Table AP2.TO.

C5.12.9. ILDs given in Tables AP2.T9. through AP2.T12. take into account the progressive
nature of explosions involving these items (normally resulting from fire spread), up to the
magnitude of the MCE, and the ability to evacuate personnel from endangered areas before the
progression involves large numbers of items. Exposed structures may be extensively damaged
by projections and delayed propagation of explosions may occur due to the ignition of
combustibles by projections. ILD is computed as 36 percent of the IBD for items of this HD,
with a minimum distance equal to the IMD given in Table AP2.T9. for the applicable PES-ES
combination.

C5.12.10. When storing mixed subdivisions of HD 1.2 AE (HD 1.2.1 and HD 1.2.2),
consider each subdivision separately and apply the greater of the two distances. The general
mixing rules for HD 1.2 AE are given in Table AP2.T13.

C5.12.11. For reasons of operational necessity, limited quantities of HD 1.2.2 items may be
stored in facilities such as hangars, troop buildings, and manufacturing or operating buildings
without regard to QD. Fragmentation shielding shall be provided.

C5.12.12. HD 1.2.3 is a special storage subdivision for AE (see subparagraph C4.1.1.2.3.).

C5.12.13. The IBD for HD 1.2.3 is determined using Table AP2.T14. (HD 1.3 QD) for the

NEWQD of the HD 1.2.3 item multiplied by the number of rounds present, but with a minimum
IBD determined by:
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C5.12.13.1. If the AE are located in a structure that can interrupt primary fragments and
can contribute debris, the minimum IBD is the hazardous debris distance given in Table
AP2.T11. for an MCE equal to the NEWQD of a single round.

C5.12.13.2. If the AE are in the open or in a light structure that will not interrupt primary
fragments, the minimum IBD is the HFD based on the HD 1.1 hazardous fragment areal number
density criteria applied to a single HD 1.2.3 item. The HFD applicable to AE in the open is
specified in hundreds of feet in parentheses as “(xx) HD 1.2.3.”

C5.12.13.3. As an alternative to the preceding HD 1.2.3 QD criteria, when an increase in
the allowable quantity or a reduction in the required distance will result, HD 1.2.3 AE may be
treated as indicated:

C5.12.13.3.1. If the single-round NEWQD is > 1.6 Ibs [0.73 kg]; consider the items
as HD 1.2.1. Use the total NEWQD present, with an MCE equal to the NEWQD of one round to
determine the maximum QD.

C5.12.13.3.2. If the single-round NEWQD is < 1.6 Ibs [0.73 kg], consider the items
as HD 1.2.2, based on the total NEWQD present.

C5.12.14. For storage of mixed HD 1.2.3 AE, multiply the NEWQD for the HD 1.2.3 items
by the corresponding number of HD 1.2.3 rounds and use Table AP2.T14. to determine the HFD
for the mixture based on the largest HFD for the HD 1.2.3 AE in storage. When HD 1.2.3 AE is
located with any other HD 1.2 subdivision, use the distances given in Table AP2.T13. When HD
1.2.3 AE is located with any other HD AE, the HD 1.2.3 AE is considered HD 1.2 (HD 1.2.1 or
HD 1.2.2, according to NEWQD) for QD purposes. The mixing rules in paragraph C5.3.2. then
apply to the combination of the HD.

C5.12.15. HD 1.2 AE in the current inventory, with IBD given in hundreds of feet and
presented in parentheses in the format HD (xx) 1.2, need not use the QD criteria specified in
paragraph C5.12.5. Instead, constant value QD criteria for these items may be specified as:

C5.12.15.1. IBD is the distance specified in hundreds of feet (in parentheses).
C5.12.15.2. PTR is computed as 60 percent of IBD.

C5.12.15.3. ILD is computed as 36 percent of IBD, with a minimum distance equal to
the IMD given in Table AP2.T9. (Appendix 2).
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C5.13. HD 1.3

HD 1.3 includes items that burn vigorously with little or no possibility of extinguishment in
storage situations. Explosions normally will be confined to pressure ruptures of containers and
will not produce propagating shock waves or damaging blast overpressure beyond the magazine
distance specified in Table AP2.T14. A severe hazard of spread of fire may result from tossing
about of burning container materials, propellant, or other flaming debris.

C514. HD 14

C5.14.1. HD 1.4 AE presents a fire hazard with minimal blast, fragmentation, or toxic
hazards. Separate facilities for storage and handling of these AE shall be located IAW Table
AP2.T15.

C5.14.2. In mixed storage, the NEWQD of HD 1.4 is not additive (see subparagraph
C5.3.2.1.1.). However, QD criteria for each HD present, including HD 1.4, must be determined
and the largest value shall be used.

C5.14.3. HD 1.4S AE may be stored (including associated handling) without regard to the
QD criteria in Table AP2.T15.

C5.15. HD 16

QD separations for HD 1.6 AE shall be based on the storage location and configuration. This
information is detailed in Table AP2.T16. and its footnotes. A maximum of 500,000 Ibs
[226,795 kg] NEWQD shall be permitted at any one location. Any special storage configuration
and siting approved for HD 1.1 AE may be used for storage of like explosive weights of HD 1.6
AE.

C5.16. HD 6.1

C5.16.1. HD 6.1 includes items that contain only toxic chemical or riot control agents. AE
containing both explosives and toxic chemical or riot control agents may be hazard classified as
HD 1.1 through HD 1.4, based on testing IAW Reference (i).

C5.16.2. Hazard zones for toxic chemical agents are determined by the relative toxicity of
the agents, the amount released to the atmosphere, and the rate at which they are released (that is,
evaporation, pressure, or explosive dispersal), terrain features, and meteorological conditions.
Hazard zone calculations are based on MCE, using DDESB TP No. 10, (Reference (0)). DoD
criteria for toxic chemical munitions and agents are provided in Chapter 11 of Reference (c).

C5.16.3. When siting AE containing toxic chemical agents, both the explosives and toxic
chemical agent hazards shall be evaluated with the greatest QD criteria governing siting.
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C5.17. ENERGETIC LIQUIDS

C5.17.1. Scope and Application

C5.17.1.1. This section applies to the storage of energetic liquids listed in Table
AP2.T17. in all types of containers, including rocket and missile tankage. Laboratory quantities
shall be stored and handled as determined by the DoD contractor. NOTE: The QD requirements
are based on only the energetic liquids’ energetic reaction (blast overpressure and container
fragmentation). These QD requirements do not consider the toxicity or potential down-wind
hazard. Therefore, QD may not be the only factor that needs to be considered when selecting a
location for storage of and operations involving energetic liquids.

C5.17.1.2. These requirements DO NOT govern the storage or handling of energetic
liquids for uses other than in space launch vehicles, rockets, missiles, associated static test
apparatus, and AE.

C5.17.2. Concept

C5.17.2.1. These QD standards were developed on the premise that the DoD contractor
shall ensure that the materials of construction are compatible with the energetic liquids, facilities
are of appropriate design, fire protection and drainage control techniques are employed, and
other specialized controls (e.g., nitrogen padding, blanketing, and tank cooling) are used, when
required.

C5.17.2.2. When additional hazards associated with AE are involved; the safety
distances prescribed in other sections of this standard shall be applied, as required.

C5.17.2.3. These standards are based upon the estimated credible damage resulting from
an incident, without considering probabilities or frequency of occurrence.

C5.17.3. Determination of Energetic Liguids Quantity

C5.17.3.1. The total quantity of energetic liquids in a tank, drum, cylinder, or other
container shall be the net weight of the energetic liquids contained therein. Quantity of energetic
liquids in the associated piping must be included to the points that positive means are provided
for interrupting the flow through the pipe, or interrupting a reaction in the pipe in the event of an
incident.

C5.17.3.2. When the quantities of energetic liquids are given in gallons [liters], the
conversion factors given in Table AP2.T18. may be used to determine the quantity in pounds

[kal.
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C5.17.4. Measurement of Separation Distances

C5.17.4.1. Measure from the closest controlling hazard source, e.g., containers,
buildings, segment, or positive cutoff point in piping.

C5.17.4.2. Measure from the nearest container or controlling subdivision when buildings
containing a small number of cylinders or drums are present or when quantities of energetic
liquids are subdivided effectively.

C5.17.5. Hazard Classification of Energetic Liguids

C5.17.5.1. The main UN hazard classification designators for energetic liquids are (the
original liquid propellant Hazard Groups | - IV and CG A - F are no longer used):

C5.17.5.1.1. Class 1: Explosives.

C5.17.5.1.2. Class 2: Compressed or Liquefied Gases.

C5.17.5.1.3. Class 3: Flammable Liquids.

C5.17.5.1.4. Class 4: Flammable Solids and Self-Reactive Materials.
C5.17.5.1.5. Class 5: Oxidizers.

C5.17.5.1.6. Class 6: Toxic and Infectious Substances.

C5.17.5.1.7. Class 8: Corrosive.

C5.17.5.1.8. Class 9: Miscellaneous.

C5.17.5.2. Because two energetic liquids might each be compatible with certain
explosive AE stores, but incompatible with each other, a two-part compatibility group
designation is assigned to an energetic liquid. NOTE: The design and logistics of modern
weapons sometimes require that consideration be given to permitting storage or operations
involving energetic liquids in a storage structure containing solid explosives. For example, it
may be necessary to store hydrocarbon-fueled cruise missiles having high explosive warheads
with fueled configurations not containing explosive warheads. Another example is the storage of
liquid gun propellant with explosive AE components.

C5.17.5.2.1. The first element is the standard storage and transportation CG
designation. The alpha designations are the same as the CG designations for UN Class 1 as
given in Chapter 4 of this Manual. However, for storage and handling on DoD facilities, a CG

may also be assigned to an energetic liquid in a Class other than Class 1. The absence of a CG
indicates incompatibility with solid explosives.
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C5.17.5.2.2. The second element is a new Energetic Liquid Compatibility Group
(ELCG) designation. The ELCG applies to mixed storage of energetic liquids or AE containing
energetic liquids. The ELCG is specified in parentheses as the last element of the hazard
classification. The ELCG designations and definitions are:

C5.17.5.2.2.1. LA: Energetic liquids that are strong oxidizers, mainly of acidic
character. These materials may cause or contribute to the combustion of other material, possibly
resulting in serious flare fires or explosions. Includes, but is not limited to, nitrogen tetroxide
and mixed oxides of nitrogen (MON), inhibited red fuming nitric acid (IRFNA), liquid oxygen
(LO,), hydrogen peroxide (H;0,), and gels, slurries, or their emulsions.

C5.17.5.2.2.2. LB: Energetic liquids that are readily combustible when exposed
to or ignited in the presence of an oxidizing agent, but that are not strong reducing agents. Some
may be hypergolic with group LA materials. Includes, but is not limited to, hydrocarbons such
as kerosenes and strained ring ramjet fuels; liquid hydrogen (LH,); and gels, slurries, or their
emulsions.

C5.17.5.2.2.3. LC: Energetic liquids that are readily combustible when exposed
to, or ignited in the presence of an oxidizing agent, and are also strong reducing agents. These
will likely be hypergolic with group LA substances. Includes, but is not limited to, hydrazines
and other amines; and gels, slurries, or their emulsions.

C5.17.5.2.2.4. LD: Energetic liquids that act mainly as combustible fuels, similar
to groups LB and LC, when exposed to or ignited in the presence of oxidizing agents, but that
may act as oxidizers in some combinations. They may be a monopropellant with the right
catalyst, or may be pyrophoric and ignite upon release to the atmosphere. Examples are ethylene
and propylene oxides and boranes.

C5.17.5.2.2.5. LE: Energetic liquids having characteristics that do not permit
storage with any other energetic liquid. They may react adversely with either fuels (reducing
agents) or oxidizers. Examples are nitromethane, nitrate ester-based formulations such as Otto
Fuel 11, liquid monopropellants containing hydroxyl ammonium nitrate (HAN), halogen fluorides
(C,Fs;and C,Fs) and fluorine, and gels, slurries, or their emulsions.

C5.17.5.2.3. Mixing of Energetic Liguids

C5.17.5.2.3.1. Different energetic liquids in the same ELCG may be stored
together.

C5.17.5.2.3.2. ELCG-LE may not be mixed with other ELCG or dissimilar
ELCG-LE.
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C5.17.5.2.3.3. Mixed storage is prohibited between energetic liquids of different
ELCG designations with one exception. ELCG-LB and ELCG-LC usually should not be stored
together, particularly when the majority of the material stored is ELCG-LB; however, mixed
storage of ELCG-LB and ELCG-LC is permitted when operationally necessary.

C5.17.5.2.4. As an example of mixing of energetic liquids, consider the HD 1.3C
(LE) hazard classification for HAN-based liquid gun propellant XM-46:

C5.17.5.2.4.1. “C” indicates the propellant can be stored in the same magazine
with CG-C solid propellants. Because CG-C and CG-D can be mixed, CG-D high explosive
projectiles could also be stored with the energetic liquid gun propellant.

C5.17.5.2.4.2. “LE” indicates that hydrocarbon fuels (e.g., JP-10) that are an
ELCG-LB would not be permitted in this storage scenario, because its ELCG-LB indicates
incompatibility with ELCG-LE.

C5.17.5.3. Complete DoD hazard classification assignments for current energetic liquids
are shown in Table AP2.T17. NOTE: Conversions for gallons of energetic liquids to pounds is
provided in Table AP2.T18.

C5.17.5.4. Each new energetic liquid, or new non-bulk packaging configuration of an
energetic liquid, developed by a DoD Component or adopted for DoD use must be examined and
assigned a hazard classification per Reference (i).

C5.17.5.5. A different minimum distance may be assigned during the hazard
classification process when the hazards of a particular new packaging configuration are not
adequately addressed. This distance shall be indicated parenthetically, in hundreds of feet, as the
first element of the hazard classification. For example, if a new liquid oxidizer pressure vessel
configuration is hazard classified as HD (04)2.2(LA), then a minimum distance of 400 ft [122 m]
would apply for IBD and PTRD; otherwise the prescribed liquid oxidizer QD criteria would

apply.

C5.17.5.6. The predominant hazard of the individual energetic liquids can vary
depending upon the location of the energetic liquid storage and the operations involved. These
locations are listed in the order of decreasing hazards.

C5.17.5.6.1. Launch Pads. Operations at these facilities are very hazardous because
of the proximity of fuel and oxidizer to each other, the frequency of launchings, lack of restraint
of the vehicle after liftoff, and the possibility of fallback with resultant dynamic mixing on
impact. To compute the explosive equivalent for the launch pad, use Table AP2.T19. with the
combined energetic liquids weight in the launch vehicle tanks and any energetic liquids in piping
that are subject to mixing, except as indicated in subparagraph C5.17.5.8.
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C5.17.5.6.2. Static Test Stands. Operations at these facilities are less hazardous
because test items are restrained and subject to better control than launch vehicles. As with
launch pads, the proximity of fuel and oxidizer presents a significant hazard. To reduce this
hazard, tankage should be separated and remotely located from the static test stand. Explosive
equivalents of Table AP2.T19. shall be used, with the combined energetic liquids weight subject
to mixing as determined by hazard analysis. The amount of energetic liquids held in run tanks
can be excluded from consideration if the test stand meets the criteria provided in subparagraphs
C5.17.5.6.2.1. through C5.17.5.6.2.4., if applicable:

C5.17.5.6.2.1. All tanks are American Society of Mechanical Engineers (ASME)
certified and maintained per ASME Code, section VIII, Division 1 or Division 2 (Reference (p)).

C5.17.5.6.2.2. For cryogenic propellants, all tanks are constructed with double
wall jacketing.

C5.17.5.6.2.3. Run tankage is protected from fragments produced by an engine
malfunction.

C5.17.5.6.2.4. Both the fuel and oxidizer lines contain two (redundant), remotely
operated valves to shut off flow in the event of a malfunction.

C5.17.5.7. Ready storage is relatively close to the launch and static test stands; normally
it is not involved directly in feeding the engine as in the case with run tankage, which is an
integral part of all launch and test stand operations. The explosive equivalents of Table
AP2.T19. shall be used with the combined energetic liquids weight subject to mixing if the
facility design does not guarantee against fuel and oxidizer mixing and against detonation
propagation to, or initiation at, the ready storage facility when a mishap occurs at the test stand,
on the ground at the launch pad, or at the ready storage areas. Otherwise, fire and fragment
hazards shall govern (see Tables AP2.T17., AP2.T20., AP2.T21., AP2.T22., and AP2.T23.).

C5.17.5.8. Fire and fragment hazards govern cold-flow test operations (Tables AP2.T17.,
AP2.T20., AP2.T21., AP2.T22., and AP2.T23.) if the design is such that the system is closed
except for approved venting; is completely airtight; fuel and oxidizer never are employed
concurrently; each has a completely separate, isolated system and fitting types to preclude
intermixing; and the energetic liquids are of required purity. Otherwise, explosive equivalents
(Table AP2.T19.) shall be used with the combined energetic liquids weight.

C5.17.5.9. Bulk storage requires the most remote storage with respect to launch and test
operations. It consists of the area, tanks, and other containers therein, used to hold energetic
liquids for supplying ready storage and, indirectly, run tankage where no ready storage is
available. Fire and fragment hazards govern (Tables AP2.T17., AP2.T20., AP2.T21., AP2.T22.,
and AP2.T23.) except in special cases as indicated in Tables AP2.T17. and AP2.T19.
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C5.17.5.10. Rest storage is a temporary type of storage and most closely resembles bulk
storage. Itis atemporary parking location for barges, trailers, tank cars, and portable hold tanks
used for topping operations when these units actually are not engaged in the operation; and for
such vehicles when they are unable to empty their cargo promptly into the intended storage
container. Fire and fragment hazards govern (Tables AP2.T17., AP2.T20., AP2.T21., AP2.T22.,
and AP2.T23.) except in special cases as indicated in Tables AP2.T17. and AP2.T19. The
transporter becomes a part of that storage to which it is connected during energetic liquids
transfer.

C5.17.5.11. Run or operating tankage consists of the tank and other containers and
associated piping used to hold the energetic liquids for direct feeding into the engine or device
during operation. The contents of properly separated “run tanks” (operating tankage) and piping
are normally considered on the basis of the pertinent hazards for the materials involved, except
for quantities of incompatible materials that are or can be in a position to become mixed.
Explosive equivalents shall be used (Table AP2.T19.) for quantities of such materials subject to
mixing unless provisions of subparagraphs C5.17.5.6.2.1. through C5.17.5.6.2.4. are satisfied.

C5.17.5.12. A 25-ft [7.6 m] clear zone to inhabited buildings shall be maintained, as a
minimum, on each side of pipelines used for energetic liquids (excluding flammable or
combustible liquids that exhibit normal fire hazards such as RP-1, JP-10, and Otto Fuel II).
Tables AP2.T17., AP2.T21., AP2.T22., and AP2.T23. apply, as appropriate.

C5.17.6. QD Standards. Since many energetic liquids are not classified as UN Class 1
explosives, conventional QD storage criteria do not generally apply to these materials. At the
same time, the (non-Class 1) UN transportation hazard classifications for many energetic liquids
appear to be inappropriate or inadequate for application to storage safety (based on available
accident and test data). For example, hydrazine has a UN hazard classification of 8 (corrosive),
while it also is subject to dangerous fire and explosive behavior. Thus, the implementation of
QD criteria for energetic liquids is based on an independent determination of the predominant
hazard presented by the material in the storage environment. Standards applicable to energetic
liquids used for propulsion or operation of missiles, rockets, and other related devices are:

C5.17.6.1. Tables AP2.T17., AP2.T20., AP2.T21., AP2.T22., and AP2.T23. provide
minimum distance requirements for storage of bulk quantities and, in some cases, pressure
vessels and other commercial packagings of energetic liquids. In general when two or more
storage locations contain different energetic liquids, compute the separation distance for each of
the materials using Tables AP2.T17., AP2.T20., AP2.T21., AP2.T22., and AP2.T23.; the greater
distance shall be the minimum distance for separating storage of the different energetic liquids.
In addition, positive measures shall be taken to control the flow of energetic liquids in the event
of a leak or spill, in order to prevent possible fire propagation or accumulation of flammable
liquids near other storage, and to prevent mixing of incompatible energetic liquids (except for
specific hazardous locations as identified in subparagraph C5.17.5.6.). Explosives equivalence
applies for some materials as indicated in Tables AP2.T17. and AP2.T19. Fragment hazards
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govern for some materials in certain packaging configurations. For the more conventional fuels
and oxidizers, and also where minimum blast or fragment criteria are not required due to low
confinement packaging, QD standards are adopted from OSHA and NFPA guidelines to account
for normal fire protection principles.

C5.17.6.2. For specific hazardous locations as defined in subparagraph C5.17.5.6.,
explosives equivalency may apply. If so, consult Tables AP2.T17. and AP2.T19. with the
combined energetic liquids weight subject to mixing and use distances found in Table AP2.T1.
or AP2.T5. Enter weight of explosives equivalent in Table AP2.T1. or AP2.T5. QD standards
for other conditions and explosive equivalents for any combination not contained in Table
AP2.T17. or AP2.T19. shall be determined by the DoD contractor.

C5.17.7. Contaminated Energetic Liquids

C5.17.7.1. Caution shall be exercised in the storage and handling of contaminated
energetic liquids. Such contamination may increase the degree of hazard associated with the
energetic liquids.

C5.17.7.2. Energetic liquids known to be contaminated or in a suspect condition shall be

isolated and provided separate storage from all other energetic liquids pending laboratory
analysis for verification of contamination and disposition requirements, if any.

C5.18. FACILITIES SITING CRITERIA

This section provides specific criteria for siting AE and non-AE facilities with respect to PESs.

C5.18.1. Administration and Industrial Areas and Auxiliary Facilities

C5.18.1.1. Administration and industrial areas shall be separated from PESs by IBD.

C5.18.1.2. Auxiliary facilities (e.g., heating plants, line offices, break areas, briefing
rooms for daily work schedules or site safety matters, joiner shops, security posts, and similar
functions) located at or near AE operations and servicing only one building or operation may be
located at fire protection distance (50 ft [15.2 m] for non-combustible structures, 100 ft [30.5 m]
for combustible structures) from the building or operation they support.

C5.18.2. Temporary Construction or Maintenance Operations. Construction and
maintenance personnel who are temporarily near a PES to perform their job shall be provided the
maximum practicable protection from the effects of an explosion if one occurs at a PES. The
contractor shall determine the minimum practicable separation distance from the PES for such
personnel and shall control operations at the PES to minimize exposure of these personnel to
hazards from an explosion. Documentation of the rationale for the control measures taken shall
be maintained until construction or maintenance operations are completed.
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C5.18.3. Detached Loading Docks. Detached loading docks that normally service multiple
facilities shall be sited on the basis of use.

C5.18.3.1. When servicing magazines, they must be separated from magazines by IMD.

C5.18.3.2. When servicing operating buildings, they must be separated from the
operating buildings by ILD.

C5.18.4. Conveyance Loading and Unloading at a Magazine. A conveyance (e.g., truck,
trailer, railcar, International Organization for Standardization [ISO] or Military-owned
demountable [MILVAN] container) loading and unloading operation is permitted at a magazine
without regard to QD between the magazine and the operation. “At a magazine” means loading
and unloading operations at a loading dock attached to the magazine, on the pad/apron in front of
the magazine, or within the established boundaries of an AGM. Detached ramps or loading
docks that normally service multiple facilities will be sited IAW subparagraph C5.18.3.

C5.18.5. Areas for Burning AE

C5.18.5.1. Use QD formula D = K24W"* [9.52Q"] to determine the minimum safe
distance for either personnel burning AE or those conducting unrelated AE operations.

C5.18.5.2. Use QD formula D = K40W"? [15.87Q"] to determine the safe distance for
persons not performing AE operations. However, if the NEWQD of burn material is more than
450 Ibs [204 kg], the minimum safe distance shall be at least 1,250 ft [381 m]. If the NEWQD of
burn material is < 450 Ibs [204 kg], use the minimum HFD given in Table AP2.T2.

C5.18.5.3. Locate burning grounds at ILD from other PESs.

C5.18.6. Areas Used for Intentional Detonations

C5.18.6.1. Protective structures for personnel or measures to suppress blast or fragment
effects may be used to reduce the required withdrawal distances in subparagraphs C5.18.6.2 and
C5.18.6.3.

C5.18.6.2. Control sites for intentional detonations for AE disposal shall be located at
ILD from other PESs, based on the PES NEWQD.

C5.18.6.3. The minimum separation distances between areas used for intentional
detonation (excluding hands-on training) and non-essential personnel are determined by
application of the appropriate criteria:

C5.18.6.3.1. For non-fragmenting AE, use D = 328W"but not less than 1,250 ft
[D = 130.1Q3, but not less than 381 m]. If known, maximum debris throw distance, with a
safety factor determined by the DoD contractor, may be used to replace the 1,250 ft [381 m]
minimum distance.
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C5.18.6.3.2. For fragmenting AE, use the larger of the two distances:
C5.18.6.3.2.1. Either the distance determined from the equation D = 328W**
C5.18.6.3.2.2. Or not less than 1,250 ft. [D = 130.1Q"° but not less than 381 m].

C5.18.6.3.3. The distances given in Table AP2.T24, based on the diameter of the AE
being destroyed. A calculated or measured maximum fragment throw distance (including the
interaction effects for stacks of items or single items, whichever applies), with a safety factor
determined by the DoD contractor, may be used to replace these distances. Calculated case
fragment maximum throw distances for selected munitions are given in Table AP2.T25.

C5.18.6.3.3.1. The calculated case fragment throw distances in Tables AP2.T24.
and AP2.T25. are for individual items. These throw distances do not consider “rogue” fragments
that are produced by sections of nose plugs, base plates, or lugs, and they do not directly apply to
stacks of munitions. In addition, shaped charge jets or slugs from directed energy munitions can
travel significantly greater distances than case fragments; therefore, these munitions require
specific analysis.

C5.18.6.3.3.2. “Rogue” fragments can travel significantly greater distances
(> 10,000 ft [3,048 m]) than those shown in Tables AP2.T24. and AP2.T25. Care must be taken
either to properly orient the munitions (e.g., lugs or strongbacks and nose or tail plate sections
oriented away from personnel locations) or to minimize or eliminate the hazard of rogue
fragments, e.g., sand bagging the munitions prior to detonation.

C5.18.6.3.4. For multiple munitions detonation, the preferred approach is:

C5.18.6.3.4.1. Place the munitions in a single layer with their sides touching such
that their axis is horizontal.

C5.18.6.3.4.2. Place the munitions so that the nose of each munition is pointing
in the same direction.

C5.18.6.3.4.3. Orient the munitions so that lugs or strongbacks and nose or tail
plate sections are facing away from areas to be protected.

C5.18.6.3.4.4. Initiate the stack detonation so that all munitions detonate
simultaneously.

C5.18.6.3.4.5. When the procedures outlined in subparagraphs C5.18.6.3.3.1.
through C5.18.6.3.3.4. cannot be met, use:

C5.18.6.3.4.5.1. If the orientation of the potential rogue fragments can be

controlled, then the ranges given in Tables AP2.T24. and AP2.T25. shall be increased by 20
percent to account for the interaction effects.
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C5.18.6.3.4.5.2. If the orientation of potential rogue fragments cannot be
controlled; fragment ranges must be evaluated on a case-by-case basis.

C5.18.6.3.4.5.3. If detonations involve stacks of mixed munitions; evaluate
the distance for each munition separately using the procedures in subparagraph C5.18.6.3.2.2.
and select the largest distance.

C5.18.6.4. The databases associated with Reference (I) may be used to determine
maximum fragment projection distance.

C5.18.7. Spacing for Movement of AE Within Operating Lines. Items or groups of items of
AE that are transported from one operating building to another, or from bay to bay within an
operating building, shall be separated to preclude the establishment of a path for the propagation
of an explosion or fire between the buildings or bays. For this purpose, the minimum spacing
between AE items or groups of items during transport shall be ILD unless hazard analysis or
testing justifies reduced distances.

C5.18.8. Classification Yard

C5.18.8.1. For protection of the classification yard from a PES, separation distances shall
be at least the applicable IMD.

C5.18.8.2. Specific QD separation is not required from the classification yard to ES
when the classification yard is used exclusively for:

C5.18.8.2.1. Receiving, dispatching, classifying, and switching of cars.

C5.18.8.2.2. Interchanging of trucks, trailers, or railcars between the common carrier
and the contractor.

C5.18.8.2.3. Conducting external inspection of motor vehicles or railcars, or opening
of free rolling doors of railcars for the purpose of removing documents and making a visual
inspection of the cargo.

C5.18.8.3. A classification yard used for any other purpose shall comply with applicable
QD criteria.

C5.18.9. Inspection Stations for Railcars and Trucks Containing AE

C5.18.9.1. Inspection stations for railcars and trucks containing AE that are used
exclusively for the activities described in subparagraphs C5.18.9.1.1. through C5.18.9.1.3. are
not subject to QD criteria. However, these stations should be located as far as practical from
other hazards or populated areas.

C5.18.9.1.1. External visual inspection of the railcars or motor vehicles.
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C5.18.9.1.2. Visual inspection of the external condition of the cargo packaging in
vehicles that have passed the external inspection indicated in subparagraph C5.18.9.1.1.

C5.18.9.1.3. Interchange of trucks, trailers, or railcars between the common carrier
and the contractor.

C5.18.9.2. Inspection stations used for any other purpose shall comply with applicable
QD criteria.

C5.18.10. Interchange Yards

C5.18.10.1. Truck, trailer, or railcar interchange yards are not subject to QD
requirements, when used exclusively:

C5.18.10.1.1. For the interchange of vehicles or railcars containing AE between the
commercial carrier and the establishment.

C5.18.10.1.2. To conduct external inspection of the trucks, trailers, or railcars
containing AE.

C5.18.10.1.3. To conduct visual inspection of the external condition of the cargo in
vehicles (e.g., trucks, trailers, and railcars) that passed the external inspection.

C5.18.10.2. Truck, trailer, or railcar interchange used, at any time, for any purpose other
than those given in subparagraphs C5.18.10.1.1. through C5.18.10.1.3. are subject to applicable
QD tables. (See paragraph C5.4.6.)

C5.18.11. Holding Yards for Railcars and Trucks Containing AE

C5.18.11.1. Railcar-groups containing AE shall be separated from each other by AGM
distance in a rail holding yard. For example:

C5.18.11.1.1. If the railcar holding yard is formed by two parallel ladder tracks
connected by diagonal spurs, the parallel tracks and the diagonal spurs shall be separated by
AGM distance for the quantities of AE involved.

C5.18.11.1.2. If the railcar holding yard is a “Christmas tree” arrangement,
consisting of a ladder track with diagonal dead-end spurs projecting from each side at alternate
intervals, the spurs shall be separated by AGM distance for the quantities of AE involved.

C5.18.11.2. Truck-groups containing AE in holding yards shall be separated from each
other by AGM distance.

C5.18.11.3. Both railcar and truck holding yards containing AE shall be separated from
other facilities by the applicable IBD, PTRD, ILD, or IMD.
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C5.18.11.4. In addition to the temporary parking of railcars, trucks, or trailers containing
AE, holding yards may also be used to interchange trucks, trailers, or railcars between the
commercial carrier and the establishment and to conduct visual inspections.

C5.18.12. Holding Areas for Suspect Railcars or Trucks Containing AE. Railcars or trucks
that are suspected of being in a hazardous condition shall be separated (isolated) from other PESs
or ESs by the applicable QD before any other action.

C5.18.13. Storage Tanks for Hazardous Materials

C5.18.13.1. Unprotected, aboveground bulk storage tanks shall be separated from PESs
by IBD per Table AP2.T1. A dike system satisfying NFPA 30 (Reference (q)) is required.
Aboveground storage tanks that are provided protection against rupture or collapse from blast
and fragment hazards may be sited at distances less than Table AP2.T1. when supported by
testing or analysis.

C5.18.13.2. For installation of smaller bulk storage tanks, weigh the cost of distance or
protective construction against the strategic value of the stored material, the ease of replacement
in the event of an accident, and the potential environmental impact. Reduced distances may be
approved if:

C5.18.13.2.1. The losses are accepted by the contractor. For GOCO facilities, the
losses must also be acceptable to the owning Military Service.

C5.18.13.2.2. The tanks are sited.

C5.18.13.2.3. Spill containment is provided so other exposures are not endangered.
C5.18.13.3. Unprotected service tanks solely supporting AE storage, or operating
complexes that are supplied by a pipe system designed to resist blast and fragments, may be sited

at IBD based on only blast with a minimum distance of 400 ft [121.9 m] if:
C5.18.13.3.1. A dike system meeting the requirements of Reference (q) is provided.
C5.18.13.3.2. The contractor accepts the possible loss of the tanks and any collateral
damage that a fire might cause as a result of the tanks being punctured by fragments. For GOCO
facilities, the losses must also be acceptable to the owning Military Service.
C5.18.13.4. A service tank supporting a single PES shall be separated from that PES by
the applicable NFPA fire protection distance. The distance from this service tank to any other

PES shall be the larger of the required distance between the two PESs or the applicable NFPA
fire protection distance.
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C5.18.13.5. Buried tanks and buried pipelines should be separated from all PESs
containing HD 1.2, HD 1.3, HD 1.4, or HD 1.6 AE by at least 80 ft [24.4 m]. The required
separation distance for HD 1.1 or HD 1.5 AE is K3 [K,1.19] with a minimum of 80 ft [24.4 m].
If the PES is designed to contain the effects of an explosion, then no QD is required.

C5.18.13.6. Small quantities of petroleum, oils, and lubricants(POL) or other hazardous
materials used for operational purposes require no specific separation distance for explosives
safety; however, operating procedures shall be implemented to limit adverse environmental
impacts in the event of an accidental explosion.

C5.18.14. Storage Tanks for Water. QD criteria do not apply to water storage tanks and
associated components if loss is acceptable to the contractor. For GOCO facilities, the losses
must also be acceptable to the owning Military Service. When the loss is unacceptable, water
storage tanks should be separated by IBD per Table AP2.T1.

C5.18.15. Underground Tanks or Pipelines for Non-Hazardous Materials. (See
subparagraph C5.18.13.5.)

C5.18.16. Inert Storage. The DoD contractor shall determine acceptable locations for
contractor-owned, inert material storage that is directly related to the explosives mission and for
contractor-owned, inert material storage that is not directly related but where control of and
access to such inert storage is restricted only to personnel directly related to the explosives
mission. The DoD contractor shall determine what constitutes “directly related.”

C5.18.16.1. Locations for inert storage shall be determined only after consideration of
personnel exposure, the importance of the materiel in relation to the explosives mission, the
operational conditions, and the availability of space.

C5.18.16.2. Inert storage that will be accessed by personnel not related to the explosives
mission shall be sited per subparagraphs C5.7.1.4.4. and C5.7.1.5.8. (based on only blast).
Minimum fragment distances do not apply (see subparagraph C5.8.1.5.2.3.).

C5.18.17. Barricades and ECM Design Requirements

C5.18.17.1. General. Testing has shown that earth cover over storage magazines can
attenuate airblast overpressure and reduce the hazardous fragment range out the sides and rear of
the magazine. In addition, properly constructed barricades and undisturbed natural earth can
protect ammunition and explosives, structures, and operations against high-velocity, low-angle
fragments and can reduce shock overpressure loads very near the barricade. However,
barricades provide no protection against high-angle fragments or lobbed AE and are ineffective
in reducing the blast overpressure in the far field (inhabited building or PTRD). If the barricade
is destroyed in the process of providing protection, then secondary fragments from the destroyed
barricade must also be considered as part of a hazard analysis.
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C5.18.17.2. Earth Cover for ECMs and Barricades. Earth cover material for ECMs and
barricades shall be relatively cohesive (solid or wet clay and similar types of soil are too
cohesive and shall not be used) and free from unsanitary organic matter, trash, debris, and stones
heavier than 10 pounds or larger than 6 inches in diameter. The larger of acceptable stones shall
be limited to the lower center of fill. Compaction and surface preparation shall be provided, as
necessary, to maintain structural integrity and avoid erosion. Where cohesive material cannot be
used, as in sandy soil, the barricade or the earth cover over magazines should be finished with a
suitable material (e.g., geotextiles, gunnite) to ensure structural integrity.

C5.18.17.3. ECM Design Criteria

C5.18.17.3.1. An ECM’s primary purpose is to protect AE from the effects of a
nearby detonation. To qualify for the default IMD in Table AP2.T6., an ECM, acting as an ES,
must not collapse. Although substantial permanent deformation of the ECM may occur,
sufficient space should be provided to prevent the deformed structure or its doors from striking
the contents.

C5.18.17.3.2. Descriptions and construction details of 7-Bar, 3-Bar, and undefined
ECMs can be found in Reference (m). At a minimum, ECMs must be designed to withstand:

C5.18.17.3.2.1. Conventional (e.g., live, dead, snow) loads for the barrel of an
arch-shaped ECM.

C5.18.17.3.2.2. Conventional (e.g., live, dead, snow) and blast-induced loads for
the roof of a flat-roofed ECM.

C5.18.17.3.2.3. Conventional (e.g., live, dead, snow) loads for the rear wall of an
arch-shaped ECM and for the rear and sidewalls of a flat-roofed ECM.

C5.18.17.3.2.4. Expected blast loads as applicable:

C5.18.17.3.2.4.1. On the head wall and door of a 3-Bar ES ECM is a
triangular pulse with peak overpressure of 43.5 psi [3 bars, 300 kPa] and impulse of 11.3 W **
psi-ms [100Q ** Pa-s].

C5.18.17.3.2.4.2. On the head wall and door of a 7-Bar ES ECM is a
triangular pulse with peak overpressure of 101.5 psi [7 bars, 700 kPa] and impulse of 13.9 W 3
psi-ms [123Q ** Pa-s].

C5.18.17.3.2.4.3. On the roof of a flat-roofed undefined, 3-Bar, or 7-Bar ES

ECM is a triangular pulse with peak overpressure of 108 psi [7.5 bars, 745 kPa] and impulse of
19W*? psi-ms [170Q"° Pa-s].
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C5.18.17.3.2.5. The earth fill between or earth cover over an ECM may be either
solid or sloped, in accordance with the requirements of other construction features, but a
minimum of 2 feet of earth cover over the top of each magazine shall be maintained. NOTE: If
the specified thickness and slope of earth on the ECM is not maintained, the ECM shall be sited
as an AGM.

C5.18.17.4. Barricade Design Criteria

C5.18.17.4.1. Slope. The slope of an earthen barricade shall be two horizontal to one
vertical, unless erosion controls are used. Earthen barricades with slopes no steeper than one and
one half horizontal to one vertical that were approved prior to 1976 may continue to be used.
However, renovations to these barricades should meet the 2:1 criteria, when feasible. Earth
barricades meeting the slope requirements may be modified by substituting a retaining wall,
preferably of concrete, for the slope on one side. The other side shall have slope and thickness
sufficient to ensure that the width of earth required for the top is held firmly in place.

C5.18.17.4.2. Alternate Barriers. Other barriers, such as earth-filled steel bin
barricades, may also be used when analysis or test demonstrate their effectiveness. See
Reference (m) for additional barricade details.

C5.18.17.4.3. Barricade Size and Orientation for Protection Against High-Speed,
Low-Angle Fragments. The location, height, and length shall be determined by:

C5.18.17.4.3.1. Barricade Location, Size, and Orientation. The distance between
the foot of the barricade and the stack of ammunition or explosives or the buildings containing
explosives represents a compromise. The shorter the distance, the shorter the height and length
required for the barricade. However, it may be necessary to extend the distance to provide
access for maintenance and vehicles. If it is impracticable to locate the barricades near the stack
of ammunition or explosives or building containing explosives, barricades may be located
adjacent to the facility to be protected.

C5.18.17.4.3.2. Location. The barricade may be placed anywhere between the
PES and the ES. The location shall determine the barricade’s required height and length.

C5.18.17.4.3.3. Height. Establish a reference point at the top of the far edge of
one of the two stacks that the barricade is to separate. If the tops of the stacks are at different
elevations, this reference point shall be on the lower stack. Draw a line from the reference point
to the top of the other stack. Draw a second line from the reference point to form a 2-degree
angle above the first line. To limit barricade height, each should be as close as possible to the
stack that served as the reference point. (See Figures C5.F1. and C5.F2.)

C5.18.17.4.3.4. Length. The length of the barricade shall be determined as
shown in Figure C5.F3.
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C5.18.17.4.4. Barricade Size and Orientation for Protection Against Overpressure.
General procedures to predict pressure mitigation versus barricade design and location have not
been developed. However, based on direct-experimental work, the overpressure loading on a
surface area shielded by a barricade is reduced by approximately 50 percent when:

C5.18.17.4.4.1. The barricade’s base is within two barricade heights of the
protected ES.

C5.18.17.4.4.2. The top of the barricade is at least as high as the top of the
protected area.

C5.18.17.4.4.3. The length of the barricade is at least two times the length of the
protected ES.

Figure C5.F1. Determination of Barricade Height (Equal Height)
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Figure C5.F3. Determination of Barricade Length
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C6. CHAPTER 6

ELECTRICAL SAFETY REQUIREMENTS FOR AE FACILITIES

C6.1. GENERAL

Initiation systems often use the controlled input of electrical energy to initiate explosive mixtures
and compounds, which start an explosive train. The uncontrolled release of electrical energy in
explosive atmospheres or near explosives and explosive-loaded articles can result in unintended
initiation and serious accidents. Electrical energy manifests itself in many forms (e.g., standard
electrical installations, lightning, electrostatic discharge, electrical testing) and with various
intensities that require special precautions. This chapter contains minimum electrical safety
requirements for existing, new, or modified explosives facilities and equipment.

C6.2. ELECTRICAL INSTALLATIONS

C6.2.1. National Fire Protection Association Guidelines. NFPA Standard No. 70 (Reference
() and this section contain minimum requirements for areas containing explosives. Reference
(r) does not specifically address explosives, but it does establish standards for the design and
installation of electrical equipment and wiring in atmospheres containing combustible dusts and
flammable vapors and gasses which, in general, are comparably hazardous. Article 500 of
Reference (r) defines “hazardous locations” according to the hazard presented by electrical
equipment installed in environments where flammable gases or vapors, combustible dusts, or
flyings may exist. The presence of AE may or may not result in rating a particular location as a
“hazardous location.” DoD contractors shall use the exceptions in subparagraphs C6.2.1.1.
through C6.2.1.3. when applying the Reference (r) definitions of Class I, Division 1, and Class
I1, Division 1 hazardous locations:

C6.2.1.1. Classify areas containing explosive dusts or explosive substances that may
produce dust capable of suspension in the atmosphere as Class Il, Division 1 hazardous
locations.

C6.2.1.2. Classify areas where explosive sublimation or condensation may occur as both
Class | Division 1 and Class Il Division 1 hazardous locations.

C6.2.1.3. Exceptions are extraordinarily hazardous explosive substances such as
nitroglycerin (NG) which require special consideration, including physical isolation from electric
motors, devices, lighting fixtures, etc.

C6.2.2. Multiple Classifications. In some PESs (e.g., powder blending with solvents),
hazards resulting from both dusts and flammable vapors may exist. In these cases, it is necessary
for that area to have a dual, or multiple, classification. Use only electrical equipment listed by
Underwriters Laboratories (ULs) or other recognized testing laboratories as suitable for use in all
classes of hazardous locations.
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C6.2.3. Change of Classification. The specific processes performed in operating buildings
and magazines dictate the requirements for electrical equipment installation. If functions
performed in the facility change, responsible personnel shall inspect, approve, or reclassify the
hazardous locations.

C6.2.4. Alternate Power Source. Facilities shall have an alternate power source for special
processes and operations requiring a continuous supply of power whenever the loss of power will
result in a more hazardous condition.

C6.2.5. Portable Engine-Driven Generators. The exposed, non-current-carrying metallic
frame and parts shall be electrically grounded. In addition, observe these requirements when
supplying power to magazines or explosives operating facilities:

C6.2.5.1. Place generating units at least 50 ft [15.2 m] from magazines or hazardous
(classified) locations.

C6.2.5.2. Keep the ground area between and around the generator and the location
(classified hazardous per Reference (r)) clear of debris and other combustible materials.

C6.2.5.3. Ensure the exhaust from the generator does not impinge on grass or any other
combustible material.

C6.2.5.4. Position the power cord connecting the generator to the load to prevent trucks
or personnel from running over or otherwise damaging the cord.

C6.2.5.5. Do not use cable-to-cable splices within a magazine, explosives operating
facility, or other location that is classified hazardous per Reference (r). Use only three-wire,
three-prong, approved service type plugs and connectors.

C6.2.5.6. Refer to paragraph C3.12.1. for refueling procedures.

C6.2.6. Electric Supply Systems. Electrical and explosives hazards may mutually exist
when PESs are in close proximity to electric supply lines. To protect these hazards from each
other, the separation requirements in subparagraphs C6.2.6.1. through C6.2.6.4. shall apply to all
new construction. (PTRDs and IBDs specified in subparagraphs C6.2.6.3. and C6.2.6.4. are
based on air blast overpressure only; fragment distances do not apply.)

C6.2.6.1. Electric lines serving explosives operating facilities shall be installed
underground from a point not less than 50 ft [15.3 m] away from such facilities.

C6.2.6.2. Separate overhead service lines from a PES of combustible construction or a

PES in the open by the distance between the poles or towers supporting the lines, unless an
effective means is provided to ensure that energized lines cannot contact the facility or its
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appurtenances if they break. Four acceptable alternatives are cable trays and messenger lines, a
ground-fault circuit-interrupter that causes a disconnecting device to open all ungrounded
conductors of the faulted circuit, weighted triangle line separators or similar weights that ensure
broken lines fall straight down away from PESs, and constructed physical barriers.

C6.2.6.3. Separate the electric distribution lines carrying less than 69 kilovolts (kV), the
tower or poles supporting those lines, and unmanned electrical substations from PESs by PTRD.

C6.2.6.4. Separate the electric transmission lines carrying 69 kV or more and the tower
or poles supporting them from PESs by:

C6.2.6.4.1. 1BD if the line in question is part of a grid system serving a large area off
the establishment.

C6.2.6.4.2. PTRD if loss of the line does not create serious social or economic
hardships.

C6.2.6.4.3. Distances in accordance with subparagraph C6.2.6.2. when the line(s) in
question can be interrupted without loss of power, i.e., other lines or networks exist for rerouting
power.

C6.2.7. Electrical Installations in Hazardous Locations. Contractors should avoid locating
permanent electric installations in hazardous (classified) locations as defined by Article 500 of
Reference (r). When practical operating reasons prevent locating permanent electrical
installations outside of hazardous locations, or require the use of portable electrical equipment
(e.g., lighting equipment) in hazardous locations, contractors shall install or use only electrical
equipment approved for the Reference (r)-defined “hazardous location” and listed by UL or other
nationally recognized testing agencies.

C6.2.8. Primary Electric Supply. Contractors should arrange the primary electric supply to
an entire explosives area to allow cutting off the supply by remote switches located at one or
more central points away from the area.

C6.2.9. Ventilation. Contractors shall equip exhaust fans in hazardous (classified) locations
as defined by Reference (r) -- through which combustible dust or flammable vapor pass -- with
nonferrous blades or line the casing with nonferrous material. Fan motors shall meet the
requirements for the applicable Reference (r) hazardous (classified) locations. Contractors shall
bond and ground the entire exhaust system and shall clean and service the system on a regular
schedule. (See Chapter 12 for more details.) NFPA Standard No. 91 (Reference (s)) provides
guidance for exhaust systems.
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C6.3. LIGHTNING PROTECTION

When lightning protection systems are installed, the installation, inspection, and maintenance
shall comply with NFPA Standard No. 780 (Reference (t)), at a minimum. Typically, 6-month
visual tests and 24-month electrical tests of installed systems are acceptable. Tests should be
made as suggested in paragraph B.1.1.3. of Reference (t), which advises staggering inspections
so that earth resistance measurements can be made in dry months as well as in rainy months. For
DoD-owned facilities, the lightning protection requirements outlined in Chapter 7 of Reference
(c) and Reference (t) apply.

C6.4. STATIC ELECTRICITY AND GROUNDING

C6.4.1. Static Electricity. Two unlike materials (at least one of which is non-conductive)
produce static electricity due to contact and separation. Contact creates a redistribution of charge
across the area of contact and establishes an attractive force. Separation of the materials
overcomes these attractive forces and sets up an electrostatic field between the two surfaces. If
no conducting path is available to allow the charges to equalize on the surfaces, the voltage
difference between the surfaces can easily reach several thousand volts as they separate.

C6.4.2. Static Electricity Hazards. The potential hazard of static electricity arises when an
accumulated electrical charge subsequently discharges as a spark in the presence of hazardous
atmospheres, flammable vapors, dusts, exposed sensitive explosives, or EEDs. ESD does not
present a substantial hazard during the handling of most bulk explosive substances if the
explosives are in approved containers. It also does not present a hazard near explosives totally
contained and unexposed within loaded articles. It is not possible to prevent the generation of
static electricity entirely. Elimination of potential ESD hazards requires proper grounding to
dissipate static charges before they accumulate to dangerous levels. The NFPA, UL, and the
U.S. Department of Commerce publish detailed discussions of the hazards of static electricity
and ways of reducing it. Where electrostatic discharge (spark) may be hazardous, NFPA
Standard No. 77 (Reference (u)) shall apply, except as otherwise specified.

C6.4.3. Static Ground System. A basic static ground system consists of one or more
electrodes in contact with the earth and a conductor (i.e., metal wire) bonded to the electrode and
routed throughout the protected facility. The static ground system may use building structural
steel (unless structural steel is used as a lightning protection system down conductor), metallic
water pipes, ground cones, buried copper plates, and rods driven into the earth as electrodes. The
ground system shall not use gas, steam, or air lines, dry pipe sprinkler systems, or air terminals
and down conductors of lightning protection systems as earth electrodes. A static ground system
provides a conductive path to earth from conductive floors, conductive work surfaces, and AE
equipment. A static ground system also allows any generated static charges to dissipate.

C6.4.4. Testing Equipment Grounds. Trained personnel shall test ground systems after
installation, after repairs, and at locally determined intervals and shall keep all records. Remove
all exposed explosives or exposed hazardous materials from the room or area before testing. The
resistance of the electrode to earth shall not exceed 25 ohms. The electrical resistance from any
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point on the conductor to the electrode shall not exceed 1 ohm. The ground system design shall
provide for interconnecting all ground electrodes of structures equipped with a lightning
protection system. (See Reference (t), Annex E for further guidance.)

C6.4.5. Grounding of Equipment. Large ungrounded objects can accumulate and store
electrostatic charges that can discharge in the form of a spark when approaching other
conductive objects. Therefore, contractors shall perform a static electricity hazards evaluation of
facilities housing AE operations to identify any objects (e.g., building structural steel,
permanently installed equipment), including personnel, and any materials that could insulate and
interfere with proper bonding and grounding. Unless the static electricity hazards evaluation
indicates ESD is not a potential ignition source, contractor maintenance personnel shall bond all
AE equipment (e.g., mixers, grinding mills, screening and sifting devices, assembly and
disassembly machines, conveyors, elevators, steel work tables, presses, and hoppers) to the
ground system. The resistance of the AE equipment to the grounding system shall not exceed
1 ohm. Trained personnel shall test this resistance initially at installation and at least annually
thereafter, and shall keep all records. Exclude the resistance of conductive belting when testing
for resistance of belt-driven machinery to the ground system. Bonding straps shall bridge
contact points where oil, paint, or rust could disrupt electrical continuity. Permanent equipment
in contact with conductive floors or tabletops does not meet the bonding requirement to the
ground system. Maintain compatibility of metallic bonding and grounding cables, straps, or
clamps with the explosives involved in the process.

C6.4.6. Conductive Belts. Use conductive belting wherever ESD is an ignition hazard. The
resistance of conductive conveyor belts shall not exceed 1,000,000 ohms as measured between
two electrodes placed on the belt and as measured between an electrode placed on the conductive
conveyor belt and an electrode attached to the ground system. Do not use static combs to drain
off static charges generated from belts or pulleys used in hazardous locations.

C6.4.7. Conductive Floors, Tabletops, and Footwear. Contractors shall use conductive
tabletops, floors, and shoes for grounding personnel at operations involving exposed explosives
with electrostatic sensitivity of 0.1 J or less, e.g., primer, initiator, detonator, igniter, tracer, and
incendiary mixtures. Bonding wires or straps shall connect the tabletops and floors to the static
ground system. Materials sensitive to initiation by ESD sparks include: lead styphnate, lead
azide, mercury fulminate, tetrazene, diazodinitrophenol, potassium chlorate-lead styphanate
mixtures, some igniter compositions, grade B magnesium powder, and exposed layers of black
powder dust. Air and dust mixtures of ammonium picrate, tetryl, tetrytol, and solid propellants
are also sensitive to initiation by ESD. Testing indicates mixtures of air with vapors from many
flammable liquids (e.g., ethyl ether, ethyl alcohol, ethyl acetate, acetone, and gasoline) may
ignite by ESD from the human body. Therefore, contractors shall equip areas where personnel
might contact these kinds of explosives and flammable liquids with conductive floors and
tabletops, except when hazard analysis indicates adequate housekeeping, dust collection,
ventilation, or solvent recovery methods eliminate the ignition hazard. (Refer to Reference (u)
for additional information concerning ESD test data; ESD ignition sensitivity may vary
depending on variations within the process.)
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C6.4.7.1. Alternate Operational Use. Unless hazard analyses indicate otherwise,
conductive tabletops, floors, and shoes shall also protect operations involving:

C6.4.7.1.1. Unpackaged detonators and primers and EEDs.
C6.4.7.1.2. Electrically initiated items, such as rockets, with exposed circuits.
C6.4.7.1.3. Hazardous materials capable of initiation by ESD from the human body.

C6.4.7.2. Conducive Mats or Runners. When a hazard remains localized, the contractor
may use conductive mats or runners instead of conductive floors throughout an entire building or
room. These mats and runners shall meet all the specifications and test requirements that apply
to conductive floors. When justified by hazard analysis, contractors may use conductive wrist
straps in place of conductive floors and shoes for grounding personnel at small scale and isolated
operations. When using wrist straps, operators shall test wrist straps before each use (whenever
removed and re-worn) and record test results. The resistance of the wrist strap while the operator
is wearing the strap shall fall within a range of 250,0000hms (minimum) and 1,200,000 ohms
(maximum) when measured from opposite hand to ground. Use test equipment capable of
testing 1,200,000 ohms + 10 percent. (Operators with dry skin may use special contact creams to
decrease the resistance to the required value.)

C6.4.7.3. Conductive Floor and Tabletop Specifications. Conductive floors and
tabletops made of or covered with non-sparking materials such as lead, conductive rubber, or
conductive compositions shall meet these requirements:

C6.4.7.3.1. Provide a continuous electrical path to the static ground system and the
electrical resistance shall not exceed the limits specified in subparagraph C6.4.7.5.1.

C6.4.7.3.2. Provide a reasonably smooth surface that is free from cracks.

C6.4.7.3.3. Maintain compatibility of conductive floor and tabletop materials with
the energetic materials present.

C6.4.7.4. Conductive Footwear. Operators shall wear conductive shoes in areas
requiring conductive mats, floors, or runners. Personnel visiting such areas shall wear
conductive shoes, ankle straps, or similar devices, one on each leg. Prominent markings should
identify conductive shoes to help supervisors ensure personnel compliance. Personnel required
to work on electrical equipment in areas where conductive floors are installed shall not wear
conductive shoes and shall not begin work until operators remove all AE sensitive to ESD.

C6.4.7.5. Testing Conductive Footwear, Floors, and Tabletops

C6.4.7.5.1. Test Criteria. The maximum resistance of a body, plus the resistance of
the conductive shoes, plus the resistance of the floor to the ground system shall not exceed
1,000,000 ohms total. That is, if 500,000 ohms is the maximum resistance allowed from the
floor to the ground system, then 500,000 ohms is the maximum combined resistance allowed for
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the person’s body plus the resistance of the conductive shoes. The contractor can set the
maximum resistance limits for the floor to the ground system and for the combined resistance of
a person’s body plus the shoes, as long as the total resistance does not exceed 1,000,000 ohms.

C6.4.7.5.2. Minimum Resistance. To protect against electrocution, the minimum
resistance of the floor to the ground system and the minimum resistance of the tabletop to the
ground system shall exceed 40,000 ohms in areas with 110 volts service and 75,000 ohms in
areas with 220 volts service. A ground fault interrupt circuit also meets this requirement.

C6.4.7.5.3. Tabletop Test Criteria. The maximum resistance of conductive tabletops
to the ground system shall not exceed 1,000,000 ohms.

C6.4.7.5.4. Conductive Footwear Test Criteria. All personnel shall test conductive
footwear daily before use to ensure that the combined resistance of the person’s body and the
conductive shoes do not exceed the limit specified in subparagraph C6.4.7.5.1. Supervisors shall
keep documentation of all test results, including calibration of test equipment. The test voltage
of the shoe tester shall not exceed 500 volts. The short circuit current across the shoe tester
electrodes (plates) should be limited between 0.5 ma and 2.0 ma. The design of the test
instrument shall include built-in safeguards to prevent the test subject from experiencing electric
shock. Personnel shall not test shoes in rooms or areas with exposed explosives or flammable
gas mixtures. Personnel shall not wear static generating stockings such as silk, wool, and
synthetics; and shall not use foot powders, which have a drying action that can increase
resistance. Dirt and grit increase resistance of conductive shoes. Personnel should avoid
wearing conductive shoes outdoors and shall keep shoes clean.

C6.4.7.5.5. Test Procedure. Trained personnel shall test conductive floors and
tabletops upon installation and at least annually thereafter using test equipment specifically
designed for this purpose and shall keep records of all test results for at least 5 years. Testing
shall proceed only when the room or area is free from exposed explosives and flammable gas
mixtures. The test procedure shall measure the resistance of the floor between an electrode
attached to the ground system and an electrode placed at any point on the floor or tabletop and
also as measured between two electrodes placed 3 ft [1 m] apart at any points on the floor or
tabletop. Make both electrode-to-electrode and electrode-to-ground system measurements at five
or more locations in each room, with at least two of the test locations in heavily trafficked areas.
If the resistance measurement changes appreciably with time, record the resistance at the
5-second interval. To prevent biased measurements, locate the electrodes for both the electrode-
to-electrode and electrode-to-ground measurements a minimum of 3 ft [1 m] away from an earth
ground or other grounded items such as a door frame, ordnance handling equipment, or any
grounded item resting on a conductive floor. Only trained personnel shall operate and maintain
test instruments. NOTE: The size of the floor or tabletop may make it impractical to conduct
five surface resistance (electrode-to-electrode) or resistance-to-ground measurements and still
remain 3 ft [1 m] away from all grounded items. In such cases, take enough measurements to
ensure adequate testing of all parts of the conductive surface and document the justification for a
reduced number of electrode-to-electrode or electrode-to-ground measurements in the grounding
system test plan.
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C6.4.8. Handling Low-Energy Initiators. Low-energy initiators are those that initiate when
subjected to 0.1 joule of energy or less. The history of accidents involving low-energy initiators
and their sensitivity to ESD requires supplemental safety precautions when handling these
devices. When manufacturing, processing, using, or testing low-energy initiators, controls
implemented are:

C6.4.8.1. Workstations shall have conductive floors or mats and conductive tabletops,
unless the initiators are in their original packaging or are part of a finished metallic end item that
provides complete protection from electromagnetic or electrostatic energy.

C6.4.8.2. Operators shall wear both conductive shoes and a conductive wrist strap
bonded to the ground system. Operators shall test conductive shoes per subparagraph C6.4.7.5.1.
and wrist straps per subparagraph C6.4.7.2. Special contact creams may be used to decrease the
resistance to the required value.

C6.4.8.3. Operators shall wear non-static generating clothing.

C6.4.8.4. All metal parts of equipment shall be electrically bonded together and
grounded.

C6.4.8.5. Glass, acrylic, or polycarbonate materials required for transparent shielding
shall be periodically coated with an anti-static material to prevent buildup of static electricity.

C6.4.8.6. When procedures establish a humidity range for operations, the relative
humidity and temperature in the work area shall be checked before starting operations and
throughout the workday. (See section C6.6. for more information.)

C6.4.8.7. Metal surfaces subjected to rubbing or friction shall not be painted. If a
lubricant is necessary, it shall not raise the metal’s surface resistance above 25 ohms.

C6.4.8.8. Work shall not be conducted in the vicinity of actual or potential
electromagnetic or electrostatic fields. Sources of static electricity and electromagnetic energy
include radio transmission, electrical storms, transformer stations, high voltage transmission
lines, improperly grounded electric circuitry, rotating equipment, belts, etc. Adequate lightning
protection, grounding, and adequate resistances for fixed sources of energy shall be established
for locations with low-energy initiator operations. These locations shall be shielded to afford
protection against local mobile radio transmission.

C6.4.8.9. Locate electrical equipment out of the range of an operator working with a
low-energy initiator. When using soldering irons, recommend obtaining commercially available
irons made of anti-static plastic housings that are grounded and equipped with devices capable of
limiting short-circuit current below initiating thresholds.

C6.4.8.10. When not part of an end item or end item subassembly, transport initiators

only when packed according to the latest DOT requirements or equivalent packaging that
protects against initiation by ESD.
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C6.4.8.11. Periodically measure any potential static charges at workstations to ensure
controls are working. Refer to Reference (u) for additional information.

C6.5. ELECTRICAL TEST EQUIPMENT

C6.5.1. Electrical and electronics test equipment should use the weakest possible power
source. Batteries should be used in lieu of 110-volt power sources. Testing should not use a
power source capable of initiating the explosives test item. When test specifications require
using electrical energy at or above the initiating threshold level of explosive devices, test
chambers or shielding capable of containing all hazards shall be used and energy shall be applied
remotely. Design of test chambers and shields shall provide safeguards against the possibility of
human error.

C6.5.2. Test equipment should not be placed in hazardous atmospheres but, when absolutely

necessary, operational shields shall be used to protect personnel unless a hazard analysis
indicates otherwise.

C6.6. HUMIDIFICATION AND IONIZATION

C6.6.1. Humidification that maintains relative humidity above 60 percent effectively
prevents static electricity accumulations and subsequent discharges. This technique involves
pre-operational checks and regular monitoring of the humidity levels throughout the day. Do not
use humidification with metallic powders unless hazard analysis indicates the powders are not
susceptible to spontaneous ignition in air with 60 percent relative humidity.

C6.6.2. lonization is electrical neutralization and serves as an effective method of removing
static charges from certain processes and operations. Methods of application can be found in
Reference (u).

C6.6.3. Contractors may use ionization or humidification to augment their ESD control
program but may not use them in lieu of conductive floors and footwear (where required).
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C7. CHAPTER 7

MANUFACTURING AND PROCESSING SOLID PROPELLANTS

C7.1. GENERAL

C7.1.1. These requirements apply to solid propellant manufacturing and augment other
requirements contained in this Manual.

C7.1.2. The safety precautions for fabrication of solid propellants, propellant-loaded items,
gun ammunition, and rocket motors follow the generally accepted principles used for many types
of explosives and energetic materials. Solid propellants are divided into four classes: single-
base, double-base, triple-base, and composite. Division of the propellants into these classes is on
the basis of composition, not use. Single-base compositions are used in cannons, small arms,
and grenades. Double-base compositions are used in cannons, small arms, mortars, rockets, and
jet propulsion units. Triple-base compositions are used in cannon units. Composite
compositions are used primarily in rocket assemblies and jet propulsion units. The choice of a
propellant for a specific use is determined by ballistic and physical requirements rather than on
the basis of composition. A given propellant composition may be suitable for use in several
applications.

C7.1.3. Although processing safety considerations for finished propellant and loaded rocket
motors are similar, each propellant type formulation has unique hazardous properties and
characteristics that may be exhibited during the processing of raw materials and the formulation
of intermediate and final compositions (uncured and cured and during post cure trimming to final
configuration). Knowledge of the types of propellants and their hazardous properties is critical
to the establishment of proper hazard controls that ensure safety during processing.
Understanding the initiation thresholds of propellants to impact, friction, heat, and electrostatic
discharge stimuli during specific processes and handling situations is essential to any hazard
analysis. Consider the response of the materials in terms of energy input sensitivity and
magnitude of energy release when evaluating and applying the guidelines of this chapter. Follow
the general requirements for manufacturing and processing of pyrotechnics given in Chapter 8
for safety precautions regarding ignition system fabrication. NOTE: An exception to this
requirement is allowed for processing of a propellant grain igniter, which is considered the same
as motor propellant until the grain is mated with the initiator assembly.

C7.2. PROPERTIES OF PROPELLANTS. Propellants present a wide range of hazardous
properties and characteristics even within the four classes due to variations in particle size of
ingredients and energy content of additives, both solid and liquid. Test data are essential for
determining the chemical, physical, and explosive properties and hazards of raw materials,
intermediate compositions, and solid propellant, both uncured and cured.
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C7.2.1. Single Base Propellants. Single base propellants are essentially pure nitrocellulose.
They are made by nitrating cellulose, normally cotton or wood pulp. When exposed to elevated
temperatures, these propellants decompose giving off nitric oxide and nitrogen dioxide gases that
react with the remaining nitrocellulose and accelerate the decomposition process. Stabilizers are
added to react with the nitrogen oxides to control the decomposition. Other ingredients are
added during the manufacturing process to allow extrusion into strings, tubes, or perforated tubes
and forming into sheets, flakes, or spheres.

C7.2.2. Double Base Propellants. Double base propellants contain nitrocellulose and NG (or
other liquid nitrate ester) as the two main ingredients. Other ingredients act as a gelatinizer or
plasticizer to allow the forming and extrusion of the propellant at elevated temperature without
the use of a solvent. Like single-base propellants, they contain a stabilizer. Other ingredients
include oxidizers, other plasticizers, and lubricants. These propellants can be extruded/cut or
cast into their final shape.

C7.2.3. Triple Base Propellants. Triple base propellants are double base propellants with
nitroguanidine added as a major ingredient. The nitroguanidine in the formulation produces a
lower flame temperature and a greater amount of gaseous combustion products. The lower flame
temperature considerably reduces erosion of gun barrels, and the greater amounts of gas produce
a greater force on the projectile. Triple-base propellants also contain a stabilizer and other
additives. These propellants can be extruded, cut, or cast into their final shape.

C7.2.4. Composite Propellants. Composite propellants generally consist of a physical
mixture of a fuel such as metallic aluminum, a binder that is normally an organic polymer
(generally a synthetic rubber which is also a fuel), and an inorganic oxidizing agent such as
ammonium perchlorate. Nitrates and other perchlorates are also commonly used as oxidizers.
Common binders include: hydroxyl terminated polybutadiene, carboxyl terminated
polybutadiene, polybutadiene-acrylonitrile, polyurethane, polybutadieneacrylic acid, and
polysulfides. These propellants are typically cast into their final shape.

C7.3. IN-PROCESS HAZARDS

C7.3.1. Prior to propellant operations, the in-process hazard classification for raw
ingredients, intermediate compositions, and propellant formulations (uncured and cured) shall be
determined by analo