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FOREWORD

These standards are issued under the authority
of Title 10 USC 172 and Department of Defense Directive
5154.4, "The Department of Defense Explosives Safety
Board," January 24, 1978. They establish uniform safety
standards and policies for development, manufacturing,
testing, transportation, handling, storage, maintenance,
and demilitarization of ammunition and explosives facili-
ties., Questlons on interpretations and recommendations
for dendments to these standards may be submitted to

the Chairman, Department of Defense Explosives Safety
Board, 2461 Eisenhower Avenue, Alexandria, VA 22331,

Effective immediately, these standards supersede
and cancel DoD Standard 5154,4S, March 1976 and Interim
Changes 2-1 through 2-5 thereto.
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DEPARTMENT OF DEFENSE EXPLOSIVES SAFETY SBOARD
- 81 EIBENMOWER AVENUE
ALEXANDRIA, VINGINIA 2330
¢ Interim Change 1 29 August 1979
b, DoD 5154.4S
]
. DOD
: . AMMUNITION AND EXPLOSIVES
L SAFYETY STANDARDS
DoD 5154.4S8, January 1978 is changed as follows:
] 1, Pan and Ink changeg:
! ' Page Paragraph Line Action tc Take
iv Chapter 10 Change "Reserved" to "Real Property Contaminated
with Ammunition and Explosives"
] 3-2 3-286 7 Change last sentence to "The distance required to

protect from fragments in credible accident
eituations, however, will be established in accord-
ance with the principles in paragraph 5-2F."

4-2 4-4D2 6 Add "without two or more safing features."

a——— e =

4-2 4-4D4 10 Change the last line to "torpedo warheads and fuzes
with two or more safing features."

, 7-3 7-6B1b(1) 3 Change "paragraph 7-3C3" to "paragraph 7-3C"

2, Page changes:

) Remove _-sert
Page (undated) Page (dated 29 August 1979)
- 2-3 thru 2-6 2-3 thru 2-6
! 4-3 and 4-<4 4-3 and 4=-4
! 5-1 and 5-2 5-1 and 5-2
{ 5-5 and 5-6 5-5 and 5-6 ,
; 5-11 thru 5-14 5-11 thru 5-14
i 10-1 thru 10-3
3. Effective date and Implementation. This interim change is effective

immediately and will be reflected in a forthcoming permanent change, A copy
of the implementing document shall be furnished the DoD Explosives Safety Board.




DEPARTMENT OF DEFENSE EXPLOSIVES SAFETY BOARD ;A
2481 EIBENHOWER AVENUE |2
ALEXANDRIA, VIRGINIA 22331

DDES B-KT

Interim Change 2
DoD 5154,48

DoD
Ammunition and Explosives
Satety Standards

DoD 5154.4S, January 1978 is changed as follows:

' 1. Page changes:

Remove Insert
S Page ' Page
* 2-1 thru 2-3 2-1 thru 2-3
; 3-1 thru 3-4 3-1 thru 3-4.5 I
| 3-9 thru 3-12 3-9 thru 3-12 .
¥ :‘ 5-2 thru 5-4 5-2 thry 5-4
E | 8-3 thru 8-6 8-3 thru 8-6 i
L 9-1 and 9-2 9-2 and 9-2

2. Effective date and implementation, This interim chinge is effective
immediately and will be reflected in a forthcoming permanent change.

A copy of the implementing document shall be furnished the DoD Explosives
Safety Board.

3. Additional coples. If additional copies of this Interim Change are
needed, they must be reproduced locally.

ALTON W. POWELL )
Colonel, USAF
Chairman i l
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DEPARTMENT OF DEFENSE EXPLOSIVES SAFETY BOARD
2481 ESENHOWER AVENUE
ALEXANDRIA, VIRGINIA 22331

Interim Change 3 26 January 1982
DoD 5154.48 :

DoD

AMMUNITION AND EXPLOSIVES
SAFETY STANDARDS

DoD 5154.4S, January 1978 is changed as follows:
1. Pen and ink change, page iv, add:

Chapter 13 - Personnel Protection 13-1
2. Pages caanges:

Insert pages 13-1 and 13-2

* 3, Effective date and implementation. This interim change is effective

immediately and will be reflected in a forthcoming permanent change. A
ccpy of the implementing document shall be furnished the DoD Explosives

Safety Board.

4, Additional coples. If additional copies of this Interim change are
needed, they must be reproduced locally.

OWELL
Colonel, USAF
Chairman




DEPARTMENT OF DEFENSE EXPLOSIVES SAFETY BOARD
2461 ESENHOWER AVENUE
ALEXANDRIA, VIRGINIA 22331
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DDESB-K

Interim Change 4
Dob 5154.48

20 August 1982

DoD

Ammunition and Explosives
Safety Standards

DoD 5154.4S8, January 1978 18 changed as follows:

1. Page changes:

3-11 thru 3-13

3=11 thru 3<14

4-1 thru 4-4 . 4-1 thru 4-12
5~2 thru 5-5 5-2 thru 5-5
5~7 thru 5-8 5-7 thru 5-8.1

5~12 thru 5-17
6-3

9-1 thru 9-3

2, Effective date and implementation.
immediately and will be reflected in a forthcoming permanent change.

5-12 thru 5-15
6-3 and 6-4
9-1 thru 9-4

14-1 thru 14-25

This interim change ig effective

A

copy of the implementing document shall be furnished the DoD Explosives

Safety Board.
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CHAPTER 1

INTRODUCTION

1-1. Authority

Publication and use of these standards are author-
ized by Department of Defense Directive 5154 .4,
“The Department of Defense Explosives Safety
Board,” January 24, 1978,

1-2. Purpose

This publication sets forth the Department of De-
fense ammunition and explosives safety standards
and policies for:

A. Development, manufacturing, testing, trans-
portation, handling, storage, maintenance, and de-
militarization or disposal of ammunition and explo-
sives.

B. Determination of hazard characteristics and
assignment of uniform classifications to items of
ammunition or explosives producing similar haz.
ards which influence handling, storage, and trans-
portation,

C. Construction and siting of armmunition and
explosives facilities.

D. Siting of facilities for activities not involving
ammunition and explosives which would be exposed
to such hazards if improperly located,

1-3. Applicability

The provisions of these standards and policies ap-
ply to the Military Departments and Defense Agen-
cies (hereinafter referred to collectively as “DoD
Components”).

1-4. Scope

A. The ammunition and explosives safety stand-
ards contained herein are minimum safety stand.
ards and govern the separation of explosives facili-
ties within the boundaries of Department of De-
fense establishments. They also govern the loca-
tions of these facilities with respect to inhabited
buildings, public traffic routes, airfields (heli-
poris/seadromes), etc., inside and outside the bound-
aries of DoD establishments. These standards will
also govern all construction planning started after
the date of this publication

B. Inability to comply with these standards for
strategic or other compelling reasons will require a
specific waiver or exemption by the DoD Compo-
nent concerned.

C. Deviations from these ammunition und explo-
sives safety standards may be allowed:

1. Where facilities have already been con-
structed, or when approved for construction under
plans which wer«: developed prior to the date of this
publication.

2. Where existing fucilities do not comply with
these standards and when the current hazard is not
greater than that assumed for their original use or
for those facilities in an advanced state of planning
on the effective date of these standards. These devi-
ations will be allowed for the balance of their useful
lives when it can be clearly demonstrated that rede-
sign or modification is not feasible, vr that the
quantity of explosives, propellants, or chemical
agents for reasons of operational necessity cannot
be reduced.

3. For fixed and completely assembled weap-
ons systems, such as ICBM’s, or other situations
which upon analysis by the DoD Component con-
cerned and the Department of Defense Explosives
Safety Board are determined to provide the re-
quired degree of safety through use of protective
construction or other specialized safety features,

D. Approoriate documentation will be main-
tained by each DoD Component, respectively, for
each waiver, exemption, or other deviation from
these standards in order that responsible officials
may be kept aware of the existence of such devia-
tions and can adequately aseess the risk being ac-
cepted and the vorrective measures being planned.

1-5. System Maintenance of these
Standards

A. Organization and Numbering. These stand-
ards are organized into chapters. Each chapter is
further subdivided into paragraphs and subpara-
graphs as appropriate. Special purpose data ele-
ments and illustrations are contained in figures and
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tables in each chapter. Numbering is as follows:

1. Chapters and Paragraphs. The chapter and
paragraph numbering scheme identifies the appro-
priate chapter followed by the applicable paragraph
number within the chapter. Subparagraphs are indi-
cated by uppercase Roman letters and Arahic nu-
merals followed by lowercase lef:iers and parenthe-
sized numerals and letters;

Example: 3-5D7a(2) (b).
3 b D7a(2) (b)

Chapter ] — T

ubparagraphs

2. Pages. Pages are numbered consecutively in
a soparate series for each chapter. Each page num-
ber will follow the chapter number; e.g., 5-3
(Chepter 5, page 3).

3. Figures and Tables. Figures and tables are
numbered consecutively in a separate series for
each chapter. Each figure or table will contain th~
applicable paragraph, plus a decir.al number; e.g.,
Figure 5-6.1 (Paragraph 5-6, Figure 1).

B. Submission of Proposed Changes.

1. Recommendations for revisions may be for-
warded to the Chairman, Department of Defense
Explosives Safety Board (DDESB).

2. Upon approval the proposed revision will be
furwarded by the Chairman, DDESB tc the ASD

(MRA&L) or his designee for approval and publica-
tion,
C. Publication of Changes.

1. Formal Changes. Formal changes will be
numbered consecutively and issued as full page in-
sertions to these standards. These changes will indi-
cate the change number and effective date on each
revised page. When it is necessary to supplement
page changes with explanatory information, such
explanation will be contained in the cover letter.
Paragraphs that are modified or added will be indi-
cated by a solid line on the outer margin of the page
adjacent to the revision.

2. Interim Changes. When it is necessary to
disseminate modifications to these standards more
expeditiously, the Chairman, PDESB will distribute
interiin changes. However, prior to distribution, ap-
proval of the modifications will be obtained from
the voting members of the DDESB, Interim changes
ray contain pen and ink changes as well as full
page insertions and such changes will be numbered
to indicate the formal chunge in which they will ap-
pear and numbered consecutively within that
change. Example: Interim Changze 1-3 ig the third
change designated to appear in the Formal Change
1. When there are sufficient Interim Changes to jus-
tify formal printing, they will be consolidated and
published as a Formal Change to these standards.
Interim changes are cancelled on publication of the
formal change.

W LY. S
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CHAPTER 2

P
Tl

EXPLANATION OF TERMS

Explanation of Terms

The following are descriptions of terms and phrases commonly used in conjunction ;
with ammunition, explosives, and other dangerous materials. These are listed to }
provide a degree of uniformity of description in the use of technical information
throughout these standards.

Aboveground Magazines

Any type of magazine abovegrade other than standard or non-gtandard earth-covered
types of magazines.

Action Level

One-half of the exposure limit for a chemical agent averaged over an eight-hour ‘
work shift.

Administration Area

The area in which are located administrative buildings which functiomn for the ?
, installation as a whole, excluding those offices located near and directly serving
components of explosives storage and operating areas.

Aircraft Parking Area ;-

Any area set aside for parking aircraft not containing explosives,

- Alrcraft Passenger Transport Operations

applying explosives quantity-distance tables: Passenger transport traffic involving
military dependents and civilians other thau those employed by or working directly

* Passenger transport operations are defined as follows only for the purpose of
for DoD Components. The following are not considered "passenger transport operations.”

i

A, Infrequent flights of base and command administrative aircraft that may, on
occasion, provide some '"space available'" travel to authorized personnel.

E B. Travel of Civil Service personnel employed by any DoD echelon.

C. Travel of such personnel as contractor or technical representatives traveling
to or from direct support assignments at DoD installations,

Ammunition and Explosives

. As used herein ammunition and explosives includes (but is not necessarily limitced 5

: . to) all items of ammunition; propellants, liquid and solid; high and low explosives; ;
: gulded missiles; warheads; devices; pyrotechnics; chemical agents; components thereof,

A and substances associated therewlth presenting real or potential hazards to life }

|

and property.
Ammunition and Explosives Afircraft Cargo Area
;| . Any area specifically designated for:

A. Ailrcraft loading or unloading of transportation configured ammunition and
explosives.

B. Parking aircraft loaded with transportation configured ammunition and % E
explosives. '
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Amunition and Explocives Area

An area specifically denignated and set aside from other portiona of an
installation for the development, manufacture, testing, maintenance, storage,
or handling of ammunition and explosives,

Anchor ages

A, Scuttling Site. An area of water specifically designated for positioning
a ship for its flooding or sinking under emergency situations.

B. Explosives Anchorage. An area of water specifically designated for loading
and unloading vessels and for anchoring vessels carrying a cargo of ammunition
and explosives.

Auxiiiary Building

Any bullding accessory to or maintained and operated to serve an operating
building, line, plant, or pler area. FExplosive materials are not present in an
auxiliary building. Examples: Power plants and change houses, paint and solvent E
lockers, and similar facilities. i

Barricade

An intervening »arrier, natural or artificial, of such type, size, and construction
as to limit in & prescribed manner the effect of an explosion on nearby buildings
or exposures.,

Blast Impulse

The product of the overpressure from the blast wave of an explosion and the time

during which it acts at a given point (i,e., the area under the positive phase of
the overpressure vs time curve).

Blast Overpressure

T r———

The pressure, exceeding the amhient pressure, manifested in the shock wave of an
explosion,

Cavern Storage Site

A natur {1 cavern or former mining excavatior adapted for the storage of ammunition
and explosives.

Ceiling Value

The concentration of chemical agent that must not be exceeded for any period of l
time.

Chamber Interval

The distance between the natural walls of adjacent underground storage sites.

Charber Storage Site

An excavated chamber or a series of exéavated chambers especially suited to the
storage of ammunition and explosives. A cavern may be subdivided or otherwise
structurally modified for use as a chamber storage site,
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Chemical Agent

A substance which 18 intended for military use with lethal or incapacitating
effects upon man thru its chemical properties. Excluded from chemical agents for
purposes of this standard are riot control agents, chemical herbicides, smoke and
flame=producing items, and individual disassociated components of chemical agent
ammunition.

Classification Yard

A railroad yard used for receilving, disputching, classifying, and switching of
cars.

Combat Aircraft Parking Area
Any area specifically designated for:
A. Afrcraft loading or unloading of combat configured munitions.
B. Parking aircraft loaded with combat configured munitions.

Compatibility

Ammunition or explosives are considered compatible if they may be stored or
transported together without significantly increasing either the probability of

an accident or, for a given quantity, the magnitude of the effectas of such an
accident.

Connected-~Chamber Storage Site

A chamber storage site consisting of two or more chambers connected by ducts or
passageways. Such chambers may be at the ends of branch tunnels off a main passageway.

Controlling Authority

The term "controlling authority" as used in these standards refers to the head-
quarters of the DoD Component concerned.

Deflagration

A rapld chemical reaction {n which the output of heat 1s sufficfent to enable
the reaction to proceed and be accelerated without input of heat from another source.
Deflagration is a surface phenomenon with the reaction products flowing away from
the unreacted material along the surface at subsonic velocity. The effect of a true
deflagration under confinement 1is an explcsion., Confinement of the reaction

Increases pressure, rate of reaction and temperature, and may cause transition into
a detonation.

Detonation

A violent chemical reaction within a chemical compound or mechanical mixture
evolving heat and pressure. A detonation is a reaction which proceeds through
the reacted material toward the unreacted material at a supersonic velocity. The
result of the chemical reaction ic exertion of extremely high pressure on the
surrounding medium forming a propagating shock wave which is originally of super-
gonic velocitv. A detonation, when the material is located on or near the surface
of the ground, is normally characterized by a crater.

A=A
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Dividing Wall

A wall designed to prevent,. control, or delay prnpagatibn of an éxplooion .
between quantities of explosives on opposite sides of the wall,

Dolphin

A mooring post or posts on a wharf or quay.

Engineering Controls

Regulation of facility operations through the use of prudent engineering
principles; 1i.e., facility design, operational sequencing, equipment selection
and process limitations.

Exemption

A relatively long term exception to an otherwise mandatory requirement of these
standards, Exemptions may be granted by law, by Congressinnal resolution, or by
a finding and determination by the Secretary or Deputy Secretary of Defense or by
a Secretary or Under Secretary of a Military Department. Exemptions (except those
establighed by Congressional action) shall be granted only when immediate corrective
measures are wholly impractical, (such as where Congressional authorization to
purchase real estate for adequate safety clearances has not been granted or where
significant impairment of the overall defense posture of the United States would
otherwise result) and only if positive programs for the eventual correction of the
deficiency are being carried out. Exemptions will not be granted for a period in
excegss of that edtimated to be required for correction of the deficlency.

Explosion

A chemlcal reaction of any chemical compound or mechanical mixture which, when
initiated, undergoes a very rapid combustion or decomposition releasing large
volumes of highly heated gases which exert pressure on the surrounding wmed{ium.
Also, a mechanical reaction in which failure of the container causes the sudden
release of pressure from within a pressure vessel; for example, pressure rupture
of a steam boiler. Depending on the rate of energy release, an explosion can be
catagorized as a deflagration, a detonation, or a pressure rupture.

Explosives Facility

Any structure or location containing ammunition and explosives excluding combat
aircraft parking areas or ammunition and explosives aircraft cargo areas.

Exposed Site (ES)

A location exposed to the potential hazardous effects (blast, fragments, debris,
and heat flux) from an explosion at a potential explosion site (PES)., The distance
to a PES and the level of protection required for an ES determine the quantity of
ammunition/explosives permitted in a PES,

Firebrand

A projected burning or hot fragment whose thermal energy is transferred to a
receptor.
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Fragmentation

The breaking up of the confining material of a chemical compound or mechanical
mixture when an explosion takes place. Fragments may be complete items, sub-

assemblies, pileces thereof, or pleces of equipment or buildings containing the items.

Hazardous Fragment

A hazardous fragment 1s one having an impact energy of 58 ft~1lb or greater.

2-4.1
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Hazardous Fragment Density
A density of nazardous fragments exceeding one per 600 sq. ft.

High Explosive Equivalent or Explosive Equivalent

The amount of a standard explosive which, when detonated, will produce a blast
effect comparable to that which results at the same distance from the detonation
or explosion of a given amount of the material for which performance is being
evaluated. It is usually expressed as a percentage of the total net welght of all
reactive materials contained in the item or system. For the purpose 0% these
standards, TNT is used for comparison.

Holding Yard

A location for groups of railcars, trucks, or trallers used to hold ammunition,
explosives, and dangerous materials for interim periods prior to storage or shipment.

Hygroscopic

A tendency of material to absorb moisture from 1its surroundings.

Hypergolic

A property of various combinations of chemicals to self-ignite upon contact wifh
each other without a spark or other external initiation.

Inhabited Building(s)

Buildings or structures, other than operating buildings occupied in whole or in
part by human beings, both within and outside DoD establishments. They include but
are not limited to schools, churches, residences (quarters), service clubs, aircraft
passenger terminals, stores, shops, factoriles, hospitals, theaters, mess halls, post
offices, post exchanges, etc.

Inspection Station

A designated Jocation at which trucks and railcars containing ammunition and
explosives are inapected.
Interchange Yard

An area set aside for the exchi~ge of rallroad cars or vehicles between the common
carrier and DoD activities.
Intraline Distance

The distance to be maintained between any two operating buildings and sites within
an operating line, at least one of which contains or is designed to contain explosives,
except that the distance from a service magazine for the line to the nearest operating
building shall be not less than the intraline distance required for the quantity of
explosives contained in the service magazine.

Launch Pads

The load-bearing base, apron, or platform upon which a rocket, missile, or space
vehicle and its launcher rest during launching.
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Liquid Propellant(s)

Liquid and gaseous substances (fuels, oxidiners, or mono-propellants) used for

propulsion or operation of missiles, rockets, and other related devices (reference
paragraph 8-9).

Loading Docks

Facilities, structures, or paved areas, designed and installed for transferring
ammunition and explosives between any two modes of transportation.

Magazine

Any building or structure, except an operating building, used for the storage of
ammunition and explosives.

Magazine, Earth-Covered, Non-Standard

All earth-covered magazines except those listed in paragraph 3-4A, B, and C with
earth covering equal to or greater than that required by standard igloo magazines.

Mass-Detonating Explosives

High explosives, black powder, certain propellants, certain pyrotechnics, and
other gsimilar explosives, alone or in combination, or loaded into various types of
ammunition or containers, most of the entire quantity of which can be expected to
explode virtually instantaneously when a small portion i3 subjected to fire, to
severe concussion or impact, to the Impulse of an initiating agent, or to the effect
of a considerable discharge of energy from without. Such an explosion normally will
cause severe structural damage to adjacent objects. Explosion propagation may occur
immediately to other items of ammunition and explosives stored sufficiently close to
and not adequately protected from the initially exploding pile with a time interval
short enough so that two or more quantities must be considered as one for quantity-
distance purposes.

Maximum Credible Event (MCF)

A. General. 1In hazards evaluation, the maximum credible event from a hypothesized
accidental explosion, fire, or agent release is the worst single event that is likely
o occur from a given quantity and disposition of ammunition and explosives. Event
must be realistic with a reasonable probability of occurrence considering the explosion
propagation, burning rate characteristics, and physical protection given to the items
involved. The MCE evaluated on this basis may then be used as a basis for effects
calculations and casualty predictions.

B. Chemical Agent. A maximum credible event (MCE) for a chemical agent is defined
as the hypothesized maximum quantity of agent that could be released from an ammunition

item {(without explosives), bulk container, or process as a result of a single unintended,

unplanned or accidental cccurrence. It must be realistic with a reasonable probability
of occurrence.

Navigable Streams

Those parts of streams, channels, or canals capable of being used in their ordinary
or maintained condition as highways of ccmmerce over which trade and travel are or
may be conducted in the customary modes, not including streams which are not capable
of navigation by barges, tugboats, and other large vessels unless they are extensively
and regularly used for the operation of pleasure boats.

2-6
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NEQ
Net explosive quantity expressed in kilograms.

NEW
Net explosive weight expressed in pounds.

Nitrogen Padding (or Blanket)

To £111 the void or ullage of a closed container with nitrogen gas to prevent
oxidation of the chemical contained therein and to avoid formation of a flam-
mable mixture, or to maintain a nitrogen atomsphere in or around an operation,
plece of equipment, etc.

Non-DoD Components

Any entity (Government, private, or corporate) which 18 not a part of the
Department of Defense,

Operating Building

Any structure, except a magazine, 1in which operations pertaining to manufacturing, é
processing, handling, loading, or assembliing of ammunition and explosives are performed. :

Operating Line

A group of buildings, facilities, or related work stations so arranged as to permit
performance of the consecutive stepa in the manufacture of an explosive; or in the
loading, assembly, modification, and maintenance of ammunition.

Operational Shield

pp———

A barrier constructed at a particular location or around a particular machine or
3 operating station to protect personnel, material, or equipment from the effects of E
. a possible localized fire or explosion. : H
Passenger Railroad

Any steam, diesel, electric, or other railroad which carries passengers for hire.
Permissible Exposure Limits (PEL)
I The maximum time weighted average airborne concentration (milligram/cubic meter)

g l of a chemical agent to which it is believed that essentially all members of a specific
. . population can be exposed for a specific period without adverse effect.
4 ] :
{

Pler

) : A landing place or platform built into the water, perpendicular or oblique to the
. ) shore, for the berthing of vessels.
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Potential Explosion Site (PES)

The location of a quantity of explosives that will create a blast, fragment,
thermal, and/or debris hazard in event of an accidental explosion of its contents.
Quantity lirdits for ammunition/explosives at a PES are determined by the
distance to an exposed slte (ES).

Prohibited Area

A specifically designated area at airfields, seadromes, or heliports in which
all ammunition and explosives facilities are prohibited.

Public Highway

Any street, road, or highway not under DoD custody used by the general public
for any type of vehicular travel.

2-7,1
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Public Traffic Route

Any public street, road, highway, navigable stream or passenger raillroad (includes
roads on a military reservation which are routinely used by the general public for
through traffic).

Quantity-Distance (Q-D)

The quantity of explosives material and distance separation relationships which
i provide defined types of protection, These relationships are based on levels of
risk considered acceptable for the stipulated exposures and are tabulated in the
appropriate quantity-~distance tables. Separation distances are not absolute safe
distances but are relative protective or safe distances. Greater distances than
those shown in the tables should be used wherever practicable.

Quay
A marginal wharf of selid fill,
i Runway ,

Any surface on land designated for aircraft takeoff and landing operations - or
! a designated lane of water for takeoff and landing operations of seaplanes,

Service Magazine

A building of an operating line used for the intermediate storage of explogives
materials.

Ship or Barge Units

All explosives within a line encompassing the ship or barge being loaded, the i
space on the pler for spotting of freight cars and trucks, and the space in the
water for barges which may be working the ship or barge.

Single-Chamber Storage Site

! An excavated chamber with its own access to the natural ground surface, not
i connected to any other storage chamber.

! Source Emission Limits
The amount of chemical agent that may be released at a particular point which
allows for natural dilution, ventilation, meteorological conditions interfacing, etc.

Standard Tgloo Magazine

An earth-covered, arch-type magazine, with or without a separate door barricade,
constructed according to an approved standard drawing identified in paragraph 3-4A,
B, and C.

Static Test Stand

IPEREE S SN

Locations whereon liquid propellant engines or solid propellant motors are tested
) in place.

Support Facilities

Ammunition and explosives storage or operations which solely support the function

of tactical or using units as distinguished from storage depots or manufacturing
facilities.

2-8




Interim Change 4

Suspect Truck and Car Site

A designated location for placing trucks and railcars containing ammunition or
explosives that are suspected of being in hazardous condition. These sites also
are used for trucks and rallcars that may be in a condition that is hazardous to
their contents.

Tactical Facilities

' Tactical facilitles are prepared locations with an assigned combat mission, such
as misgile launch facilities, alert aircraft parking areas, or fixed gun positions.

Taxiway/Taxilane

B b Any surface, designated as such in the basic airfield clearance criteria specified
E ; by a DoD Component publication or Federal Aviation Regulation (14 CFR 77).

Toxic Area

A defined area in which Storage Compatibility Group K ammunition or Class 6
chemical agents are handled or stored.

Wailver

Written authority which provides a temporary exception and permits deviation from
a mandatory requirement of these standards, It is geuvrrally granted for short periods
of time pending cancellation as a result of termination of scheduled work commitments
or correction of the waived conditions.

Wharf
* A landing place or platform built into the water or along the shore for the

berthing of vessels.

r———— e W e

i Wharf Yard

A yard which is close to piers or wharves in which railcars or trucks are held
h for short periods of time prior to delivery to the piers or wharves.

2-9
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CHAFTER 3

PRINCIPLES AND APPLICATION OF QUANTITY-DISTANCE, STANDARD
EXPLOSIVES PACILITIES AND SITING REQUIREMENTS

3~1. Scope
This chapter sets forth:
A, Rules for the establishment of quantities of axplosives,
B. Computations and detarainations of quantity-distance,

C. Aswessment of the uxplosion effects, such ss facility damage and personnel injury
expected at specific scaled distances for clsss 1 division 1 explosiona.

D. Recommended methods of controlling th* ~ffects of class 1 division 1 explosions
effectn.

E. Acceptable exposutes at specific scaled distances.

F. Types and general specifications of various amsunition and explosives facilities.
G, Siting requirements for specific facilities.

H. Requirements for site and construction plans review,

3-2. Establishment of Quantity of Explosives and Distances

A, fuantity of Explosives. The total quantity of explosives in a magazine, operating
building, or other explosives facility shall be the net weight of the explosives calculaced
upon the following bases. Such calculations are intendad for use with the tables in these
standards.

1. Mass-Detonating Explosives. The net explosives weight (NEW).
2. Non Mass-Detonating Explosives.
a. Propellants. The net propellant weight.
b. Pyrotechnic Items. The sum of the net weights of the pyrotechnic composition
and the explosives involved.

c. Bulk Metal Povders and Pyrotechnic Composition. The sum of the net weights
of metal powders and pyrotechnic cowposition in containers.

d. Other Ammunition. The net wveight of high explosives plus a suitable contribu-
tion, Lf any, from propellant, pyrotachnic components, or expelling charges. Reference chapter

4 foxr hazard classification testing requirements.

3. Combinations of mass-detonating and non msss-detonsating ammunition snd exploaives
(excluding class 1 division 4) shall be treated on the basis that all explosives are sudbject
to mass-detonation and the total quantity used. A lesser quantity (i.e., total weight of
H.E. plus the R.E. equivalent weight of other class 1 material present) may be used for
quantity-distance purposes, subject to DDESB approval of supporting test data. In the event
that the non mass-detonating items require a greater diatance than the total axplosives so
computed, the greater distance 1is mandatory.

4. Combinations of non mass-detonating ammunition and explosives of different
class 1 divisions shall be treated as follows:
Deternine tha required separation for each class/division, and
. use che greatest separation of those determined

8. Quantity-Distance Computations and Determinations
1. Throughout these standards, net cxﬂag,ivn veight (N is used to calculate

distance by means of formulas of the type D = , vwhere D 1is the distance in feet, K is a
factor depending upon the risk assumed or permitted, and W is the net explosive weight in
pounds. When matric its are used, the symbol Q denotes net explosive quantity in kilograms
In the formula D = KQI 3, the distance D is expressed in weters. Thus the respective unite
of K are ££/1b1/3 and w/kgl/3 tn the two systems. The value of K in )ich units is approx-
imately 2.5 times itw valus in metric units. For exaaple, if D(m) = :3! 3, thea D(ft) = 154l
Distance requirements determined by the formula with English unite are sometimes expressad by
the value of K, using the terminology K9, ¥ll, K18,... to mean K = 9, K = 11, ¥ = 18, etc.

2, The quantity of explosives in a magazine, operating building, oxr other sxplosives
site shall be considered the net weight of cthe controlling class of explosivas contained
therein (the class requiring the greatest separsation).
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a. Extensive tests and analytical work have
proven that when two or wore stacks of masp=
detonating explesives detonate within short
time intervals (the time in milliseconds is
less than 3,2 times the cube root of the
explosive weight in pounds for lateral target
positions and less than 4.5 times the cube
root of the explosive weight in pounds for
axial target positions) the blast waves
will coalesce. The combined shock wave, after
coalescence, will be that of n uingle detona=
tion of a charge equal to the summation of
the several stacks. The actual separation
time between successive detonations is in-
fluenced by the gpatial meparation of ex-
plosives, geometry and distribution, the
character of the dividing wall or other
barrier between, and the sensitivity of
the explosives.

b, When it is congidered advantageous for
quantity-distance computations to subdbdivide
a total quantity of mass-detonating explo~
sives into smaller units, 1t wuat ba insured
by construction of a suivable barrier or pro-
vigion of adequate separation that there
will not be propagation from one to another.
Design of intervening barriers in accordance
with the principles contained in "Structures
to Resist the Effects of Accidental Explo-
siona" (T 5-1300, AFM BB-22, NAVFAC P-397)
will satisfy this requirement. If this re-
quirement is met, the explosive content of
the subdivision requiring the preatest dis-
tance will govern. If this requirement is
not met, quantity-distance computations
wust be based upon the summation of the
mass-detonating explosives in all of the
subdivisions,

3. The quantity of explosives to be per-
mitted in each of two or mor:e locations
shall be determined by considering each
location as a potential exploaion site.

The quantity of explosives to be permitted
in each of these locations shall be the
amount peruitted by the distance specified
in the sppropriate quantity-distance tables
considering each as & potential target site
in turn, except fcr service magazines, See
paras 3-3A9 and 3-3B11,

4. Interpolation between distance incre-
ments specified in Class 1, Divisions 1
and 3 be made aw follows:

a. Division 1. Interpolation shall be
on the bayis of the hazard factors specified
in the Division 1 tables,

b. Division 3. Interpolation shall be
linear and proportional.

5. Quantity~-distance tables are to be
found in Chapter S.

6. It 1s impractical to specify quantity-
distance separationa allowing for the de-

3-2

signed flight range of propulaive units
(rockets, wissile motors, catapults) which
properly belong in class 1, divisions 1, 2,
or 3, Therefore, maximum designad flight
ranges for units in a propulsive state will
be disregarded. The distance required to pro~
tect from fragwents in credible accident sit-
uations, however, will be estasblimhed in
accordance with the principles in paragraph
5~2F, .

7. Measurements of distance for de-
termining the maximum allowable quan~
tity of explosives shall be made from
the nearest wall of the wtructure con-
taining explosives, or nearest wall of
the controlling subdivision when the
structure is subdivided go that wmass
detonation between subdivigions will not
occur, to the neareat part of an exposed
structuve or site. Separation distances
are measured along straight lines,

8. Where rsilroad care or motor vehicles
containing amaunition and explosives are
not separated from operating buildings,
magazines, or open gtorage sites contain-
ing ammunition and explosives in such
wmanner as to prevent their mass-detonation,
the total quantity of explosives (para-
graph 3~2A) in euch locations, railcars,
and motor vehicles shall be considered as
a unit and the separation distance. meas~
ured from the nearest outside wall of
the building, vailcar, vehicle, or edge
of open stack, as appropriate, to a tar-
get., If the explosives are separated
into smaller units so that mass-detonstion
of the explosives in the railcars and
motor vehicles and inside unit or units
will not occur, the separation distance
shall be measured from the nearest con=-
trolling explosives unit, railcar, or
vehicle to a target.

C. Class 1 Division 1 Explosion Effects
Exposure Controls, and Degrea of Safety
Af forded

Facility damage and personnel injury
assessment for class 1 division 1 are
principally rvelated to blast overpressure
and iwmpulse, although for limited amounts
thereof, fragwent hazards mway be the com-
trolling factor for quantity-distance
determinatione. For general purposes,
peak incident overpressure is the blast
parsmeter used herein to define maximuw
permissible levels of exposure. Howvever,
in specific instances the physical char-
acteristics of exposed structures (e.g.,
mass, stiffness, ductflity, etc.) make
blast impulse the principal damage
causing blast parameter.

1. The degree of safety viforded by
the separation distances for standard igloo
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magazines (Tables 5-3,4 and 5-3,5) may be described generally as providing
virtually complete protection against propagation of explosions from one
igloo magazine to adjacent igloo magazines by blast, Tragments, and fire;
however, there may be some cracking of concrete barrels &nd rear walls,
possible severe cracking and some spalling of front walls, and some damage
to doors and ventilators,

2. The degree of safety afforded by aboveground magazine distances of
columne 8 and 9, Table 5-3.4 may be described, generally, as providing a high
degree of protection against propagation of explosions from one aboveground
magazine to adjacent aboveground magazines by blast; however, there may be
considerable risk of delayed propagation by fragments or the spread of fire
from one magazine to one or more of the other magazines depending upon ammunition
type. Properly designed and placed barricades will reduce the risk of explosion
communication by high-velocity low angle fragments, Without barricades, this
risk is considered relatively high.

a. The aboveground magazine separation distance of 6Wl/3 feet from W
pounds (2.4Q1/3 meters from Q kilograms) of explosives corresponds to a peak
overpressure- level of 27 psi or 1.8 bars (1 bar = 14,5 psi) when the explosion
source is in the open. Keither the overpressure nor any other pertinent blast
parameter such as impulse will be reduced significantly by the presence of an
ordinary storage building of conventional unstrengthened industrial construction
at the explosion site, or by the barricade required between aboveground maga- ]
zines at this distance. A conventional unstrengthened building exposed at
this distance will be completely destroyed, and any occupants will be killed
by the direct action of blast, by beinrg struck by building debris, or by
impact against hard surfaces. Vehicles will be overturned and crushed by
blast.

b. The unbarricaded aboveground magazine separation distance of 11wl/3
feet from W pounds (4.4Ql/3 meters from Q kilograms) of explosives corresponds
to a peak overpressure level of 8 psi (0,5 bars) from an explosion source in
the open. Blast observed at this distance will be suppressed only negligibly
by a storage building of conventional construction at the explosion site.

An unstrengthened building exposed at this distance will suffer damage

approaching total destruction, and any occupant will be killed or will incur

serious injuries by blast to eardrums and lungs, and by being blown down or ,
struck by fragments or building debris. Vehicles will be severely damaged i
by blast and will probably be inoperable.

3. The degree of safety afforded by the separation distance between the t
chambers in underground storage may be described, generally, as providing a -
high degree of protection against propagation of explosions frcm one chamber {
to an adjacent chamber by impact of spalled rock or material from chamber
liner (Table 12-4,1).

4, Expected effects and controls at exposure level of 10-11 pei or «/ bar .
(1 bar = 14,5 psi) occurring at scaled distance of 9Wl/2 feet from W pounds :
6 meters from Q kilograms)... Refer Table 5-3.3 Column_J.
a, Unstrengthened buildings will suffer severe structural damage . .
approaching total destruction. ’
b. Severe injuries or death to occupants of the exposed site are
to be expected from direct blast, building collapse, or translation,

iy
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c. Aircraft will be damaged both by blast and fragments to the
extent that they will be beyond economical repair. If the aircraft are
loaded with explosives, delayed explosions are likely to result from sub-
sequent fires,

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

e. Direct propagation of expiosfon between two explosives locations
i1s unlikely when barricades are interposed between them to intercept high
velocity low angle fragments,

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

g. Control, Barvicading is required.(See paragraph 3-4,E), Exposed
structures containing equipment of high monetary value or of critical mission
importance or wherein personnel exposure is significant may require hardeaing
for necessary protection of contents.

5. _[Expected effects and controls at exposure level of 3.5 psi (.24 bar)
occurring at scaled distance of 18Wi/3 (7.2Q17/3),.. Refer Table 5-3.3 Column 4.

a, Direct propagation of explosion 1is not expected.

b. Some possibility that delayed communication of an explosion may
occur from fires, or as a result of equipment failure at the exposed site.

¢. Damage to unstrengthened buildings will be of a serious nature
ard approximate 50 percent or more of the total replacement cost.

d. There is a 10 percent chancé of eardrum damage to personnel.

e. Personnel injuries of a serfous nature or possible death are likely
from fragments, debris, firebrands or othei objects.

f. Cargo ships would suffer damage to decks and superstructure from
being struck by fragments and having doors and bulkheads on the weather deck
buckled by overpressure,

g+ Alrcraft can be expected to suffer considerable structural damage
from blast. Fragments and debris are likely to cause severe damage to air-
craft at distances calculated from the formula 18W1/3 vhen small quantities
of explosives are involved. (Refer Note 1, Table 6-3.2)

h. 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.

1. Control. Many situations arise ir which control of pressure by
suitably designed suppressive construction at the PES or protective construction
at the exposed site are practical. Use of such construction to withstand blant
overpressure is encouraged if it is more economical than distance alone, or 1if

sufficient distance is not available to prevent the overpressure from exceeding
this level.

6. Expected effects and controls at exposure level of 2.3 psi (,16 bar)
occurring at scaled distance of 24W1/3 (9.6Q1/3).,. Refer Table 5-3.1

a. Unstrengthened buildings can be expected to sustain damage approx-
imating 20 percent of the replacement cost.
b. Occupants of exposed structures may suffer temporary hearing loss or

injury from secondary blast effects such as building debris and the tertiary
effect of displacement,
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c. Personnel in the open are not expected to be killed or seriously
injured directly by blast. There could be some personnel injuries caused
by fragments and debris depending largely upon the PES structure and amount
of ammunition and fragmentation characteristics thereof.

d. Vehicles on the ‘road should suffer little damage unless hit by &
fragment or unless the blast wave causcs womentary loss of control.

e, Alrcraft should suffer some damage to appendages and sheet metal
skin from blast and possible fragment penetration; however, the aircraft should
be operational with minor repatr.

f. Cargo type ships should suffer minor damage to deck structures and
exposed electronic gear from blast and possible fragment penetration, but
such damage ghould be readily repairable, i

g. Control. The risk of injury or damage due to fragments for limited
quantities of explosives at the PES can be reduced by barricading. Also, '
many eituations arise where control of pressure by suitably designed suppressive

construction at the PES or protective construction at the exposed site are
practical,

7. Expected effects and controls at exposure level of 1.7 psi (.1 bar)
occurring at scaled distance of 30W1/J (12Q'/°)...Refer Table 5-3.1, |

a. Unstrengthened buildings can be expected to sustain damage approx-
imating 10 percrnt of the replacement cost,

b. Occupants of exposed unstrengthened structures may suffer injury
from secondary effects such as building debris,

c. Aircraft {n landing and take-off status could lose control and crash.

4. Parked military and commercial aircraft will likely sustain minor
damage due to blast but should remain airworthy. '

e. Personnel in the open are not expected to be killed or seriously
injured directly by blast. There could be some personnel injuries caused by
fragments and debris depending largely upon the PES structure and amount of
amunition and fragmentation characteristics thereof.

f. Control. The risk of injury or damage due to fragments for limited
quantities of explosives at the PES may be reduced by barricading or application
of minimum fragment distance requirements.

8. Expected effects and controls at exposure level of 1,2 - 0.85 psi !
(.08 - .06 bar) occurring at scaled distance of 4OWL/3 — SQWL/3 (16017% - 20Q1/3) !

.., Refer Table 5-3.1,

R

o N et o

a. Unstrengthened buildings can be expected to sustain damage up to 5-
about 5 percent of the replacement cost. ;-

b, Personnel are provided a high degree of protection from death or
serious injury, with injuries that do occur being principally caused by ]

glass breakage and building debris. [ 3

c. Personnel in the open are not expected to be seriously injured
directly by blast. There could be some personnel injuries caused by fragments !
and debris, depending larzely upon the PES structure and amount of ammunition
and the fraguentation characterisiics thereof,

d. Control, Glass breakage and structural damage can be reduced by
means of ovientstion and by keeping the surface area of exposed glass panels
to a minimum.
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3-3. Permiasible exposures to blast overpreasure
A. 10-11 pst or .7 bar occurring at 9Wwl/3 (3.6Q1/3)...(Table 5-3.3 Column 3)

(Barricade required (para 3-2C4g) unless otherwise indicated).

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

2. Security alerxt force buildings (see paragraph 5-2L).

3. Facilities of & tactical missile site where greater distances from the
PES cannot be provided due to technical reasons.

4, Breakrooms and change houses 1if part of an operating line and used
exclusively by personnel employed in operations of the line.

5. Temporary holding areas for trucks or railcars containing explosives
to service production or maintenance facilities,

6, TField operations in magazine areas when performing minor wmaintenance,
preservation, packaging or surveillance inspection (see para 5-4A2).

7. Unmanned auxiliary power facilities, transformer stations, water treat-
ment and pollution abatement facilities, and other utility installations that serve
the PES and are not an Iintegral function in the PES, and loss of which would not
create an immediate secondary hazard. These applications need not be barricaded.
Exception: Unmanned auxiliary power generation or conversion facilities exclu-
sively supplying power to the explosive storage area and security fence lighting
may be located at fire distance from explosive facilities (80 feet for fire re-
sistant structures, 100 feet for non-fire resistant structures).

8. Dunnage preparation and similar support structures housing non explo-
sives operations 1f utilized only by persounel employed at the PES.

9. Service magazines which are part of operating lines. Distances are
based on the quantity/type of anmunition or explosives in the service magazine(s),
not the operating building.

10. Exposures as indicated in paragraph 3-3B if blast suppression, structure
hardening, etc. provides comparable protection for personnel and equipment involved.

B. 3.5 psi (.24 bar) occurring at 18W1/3(7.2Q1/3...(Tab1e 5-3.3 Column 4)

1. Workers engaged in construction in the vicinity of ammunition production
areas, waterfront areas where ammunition is being handled or quantity-distance
otherwise applies, or areas used for loading of aircraft with explosives.

2, Surveillance, maintenance and inspection buildings and labor intensive
operations closely related to the PES,

3. Comfort, safety, and convenience occupied buildings exclusively in
support of the PES (e.g., lunchrooms, motor pools, area offices, auxiliary fire
statlona, transportation dispatch points, and shipping and receiving buildings
(not magazine area loading docks)).

4., Parallel operating lines from one another, whether or not barricaded,
provided ammunition and explosives involved in each operating line present similar
hazardse. The criticality of survivability of one or more of the operating lines
may require that each line be given an inhabited building level of protection.

5. Operations and training functions that are exclusively manned or
attended by personnel of the unit operating the PES. This includes day rooms,
squadron operation offices, and similar functions for units such as individual
missile firing batteries, ailrcraft,squadrons, or ammunition supply companies.
Training functions permitted this level of exposure (3.5 psi, 0.24 bars) include
organized classroom and field training of personnel who may be required to
engage in explosives work at the PES. Maneuver areas, proving ground tracks,
and similar facilities for armored vehicles also way be expo ed to 3.5 psi

3-4.2
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(0.24 bars) since the vehicle should provide adequate protection to the operators i'

from fragments and debris.

6, Maintenance of military vehicles and equipment when the PES is basic
load or ready storage located in OCONUS areas, and is limited to 4000 Kg or lass
NEW at each and when the maintenance work is performed exclusively by and for
military personnel of the unit for which the basic load of ammunition iz stored.

7. Auxiliary power and utilities functions excluding "cold firom" facilities,
supply and mechanical support at naval station waterfront areas when not contin- !
uously manned, when serving only the waterfront area, and when the PES 1s a ship
or ammunition handling location at the waterfront. This category includes:
auxiliary power plants; compressor stations; electric power transformers; tool
and consumable supplies atorage and issue; and handling equipment service, battery
charging, and minor repair. When such facilities serve an entire naval station
or base complex, or when loss of the facility would cause an immediate loss of
vital function, the exposure level must not exceed 1.2 psi (0,08 bars).

8. Minimum distance between separate groups of explosives loaded combat-
configured aircraft or between aircraft and a pre-load or "quick turn" site which
serves to arm the aircraft. The use of intervening barricades is required to
further reduce communication and fragment damage and eliminate the necessity for
totalling NEW. The loading of ammunition and explosives aboard aircraft can be
accomplished within each group of aivcraft without additional protection.

9. Parking lots ror privately-owned automobiles belonging to the personnel
employed at or stationed at the PES.

10. For separation of vessels involving ammunition and explosives, see chapter 7.

11. Service magazines which are part of operating lines. Distances are based
on quantity/type of ammunition or explosives in the service magazine(s), not the
operating building.

12. Container "stuffing" and "unstuffing' operations which are routine support
of PES. This applies only to main support functions set aside for support of ship-
loading or manufacturing operations, When the activity is in connection with ship-
loading/unloading and the exposed site 1s an ammunition ship, the quantity at the
container site will govern. (Container "stuffing/unstuffing" in a magazine area are
permitted at intermagazine distances.)

13. Between explosives loaded combat aircraft and those non-explosives facilities
which directly support the servicing and launching of a unit's armed aircraft (i.e.,
activities and their operating facilities that handle ammunition and explosives on
the flightline, prepare and service armed aircraft, and those who fly combat aircraft.
Direct flightline combat aircraft associlated facilities may contain field offices,
breakrooms, unit training rooms, and equipment and usupply rooms, as well as POL
hydrant facilities and CE fire protection stations)., Specifically excluded are:
morale, welfare and recreation (MWR) facilities; base civil engineering headquarters;
industrial facilities, including central base supply; central maintenance control
and assoclated critical shops, such as engine buildup or central avionic repair).

C. 2.3 psi (.16 bar) occurring at 24W1/3 (9.6q1/3)...(Table 5-3.1).

1. public traffic routes from "other PES" (Table 5-3.1) for NEW quantities less
than 100,000 1bs (45,500 Kg).

3“4.3
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2, Personnel exposed to remotely controlled operations (including control o
| stations for operations provided with blast attenuating and fregment-defeating

: shields).
' 3. Open air recreation facilities exposed to "other PES" containing NEW of ' ’
100,000 1bs (45,500 Kg) or less where structures are not involved (e.g., ball '

I diamonds, volley ball courts, etc.) used only by military personnel and provided

| for merale and health purposes at posts, camps, naval stations, air bases, and other

! operational military activities. When these recreation facilities are solely for

L off-duty recreation of personnel at their posts of duty, neither blast nor fragment

! quantity distances (Q-D) apply. This total relaxation of Q-D requirements applies

' only when the PES and the exposed site (ES) are closely related as with: an alert

' bomber and the recreation area for its crew; a navy tender and the recreation area
for its crew and the crew of the tended ship; a security alert force and explosives
facilitics for which they are responsible and crews for quick reaction force armored
vehicles and the explosives loaded vehicles that these crews are to man in event of
military action. It 1s not intended that these relaxations be used to encourage the v
buillding of elaborate installations which substitute for properly located R&R facil- :

. ities or that they encourage colocation of essentially unrelated military functions.

L 4. Training areas for unprotected military personnel exposed to "other PES" I i
o containing NEW of 100,000 lbs (45,500 Kg) or less. They include observation points :
. and Instruction areas for small arms and artillery firing ranges and similar fixed :
f facilities designated for permanent use by groups or classes. The separation or t
i other protection is required from permanent magazines and ammunition supply points '
but not from that ammunition and explusives needed for any particulur exercise in
order to achileve realism in training nor from explosives in necessary on~the-job
training operations for explosives workers.

5. Private vehicle parking in administrative area when "other PES" contains NEW
of 100,000 1lbs (45,500 Kg) or less, Minimum fragment distance should be applied.

6. Aircraft passenger loading/unloading areas that do not include any structures.

=

D. 1.7 psi (.1 bar) occurring at 3owl/3 (12Q1/3) .++ (Table 5-3.1) I

1. DoD use aircraft runways and taxiways exposed to ammunition and explosives
storage and operating facilities (see tables 6-3.1, and 6-3.2).

> 2. Combat aircraft parking areas exposed to ammunition and explosives storage
and operating facilities (see tables 6-3.1 and 6-3,2). :

3. Public traffic routes.

4, Private vehicle parking in administrative areas. Minimum fragment distance
should be applied.

R e —————— MG . e

5. Open air recreation facilitles where structures are not involved (e.g., ball
| diamonds, volley ball courts, etc.) used only by military personnel and provided for
i morale and health purposes at posts, camps, naval stations, air bases, and other
! : operational military activities. When recreation facilities are solely for off.-duty
l
[

military personnel at thelr posts of duty, nelther biast nor fragment Q=D apply.

This total relaxation of Q-D requirement applies only when the PES and the ES are !

closely related as with a security alert force and explosives facilities for which
‘ they are responsible. 1t 1s not intended that this relaxation be used to encourage
L the bullding of elaborate installations which substitute for properly located R&R

facilities or that they encourage the colocation of essentially unrelated military i
functions. '
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6. Training areas for unprotected military personnel, Tﬂhp 1nclude
observation points and instruction aress for small arms and artillery ‘
firing ranges and similar fixed facilities designated for permanent use by
groups or classes. The separation or other protection is required from'
permanent magazines and ammunition supply points but not from thst asmunition
and explosives needed for any particular exercise in order to achieve realism
in training nor from explosives in necessary on-the-job training operations
for explosives workers.

7. Aircraft passenger loading/unloading areas that do not imnclude a
structure. '

E. 1.2-0.85 psi (.08-.06 bar) occurring at AOWI/3 to sow1/3 j}6q}/3

20q;/3),,LjTable 5-3.1 Column‘3 between 100,000 1lbs and 250,000 1bs) 7

1. Inhabited buildings, administrative and housing areas.

2, Installation boundaries.

3. Athletic fields and other recreation areas when structures are present,

4. TFlight line passenger service functions.

5., Main power houses providing vital utilities to a major portion of an
installation.

6. Storehouses and shops which by reason of their vital, strategic
nature, or high intrinsic vdlue of their contents, should not be placed at risk.

7. Functions which, 1f momentarily put out of action, would cause an '
immediate secondary hazard by reason of their failure to function. !

3~4, Ammunition and Explosives Facilities

The following aubparagraphs exemplify the types and general specifications )
and siting requirements of various magazines for ammunition, explosives and ;
other dangerous materials. :

A. Army Igloo Magazines

1. Reinforced concrete, arch-type, earth-covered magazines whose con-
struction 1s at least equivalent in strength to the requirements of the
Army, Office of Chief of Engineers drawings 652-686 through 652-693, dated
27 December 1941, as revised 14 March 1942, 33-15-58 (atomic blast resistant),
33-15~61, and 33-15-74 for all quantities of explosives up to 500,000 pounds.

2.- Reinforced concrete, arch-type, earth-covered magazines whose con-
struction is not equivalent in strength to the requirements of sub-paragraphs
3-4A1, for quantities of explosives up to 250,000 pounds.

B. Navy Arch-Type Magazines

1. Magazines constructed according to Navy drawings 357428 through ;
357430 dated 9 August 1944 and modified in accordance with NAVFAC drawing :
626739 dated 19 March 1954, or new magazines constructed according to NAVFAC
diawings 627954 through 627957 764597, 793747, 658384 through 658388, 724368, 75186h
764596 ,and 793746 for all quantities of explosives up to 500,000 pounds.

2. Magazines constructed in accordance with NAVFAC drawings 649602
through 649605, 793748, and 803060 for all quantities of explosives up to
250 pounds.

C. Earth-Covered, Corrugated Steel, Arch-Type Magazine.
Structures at least equivalent in strength to those shown on Army, ) 3
Office of Chief of Engineers drawings numbered AW 33-15-63 dated 5 Mar 1963, AV.

3-4- 5
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33-15-64 dated 10 May 1963, 33-15-65 dated 10 Jan 1963; NAVFAC Drawings Nos.
1059128-30, 1059132, 1069906, 1355460~€1; or OCE Drawing No. OCE 33-15-73
(oval l-ga steel arch) for all quantities of explosives up to 500,000 pounds.

D. Module, Open Storage, Barricaded.

1. A module (Figure 3-4.1) 1s a barricaded area composed of a series of
connected cells with hard surface storage pads separated from each other by
barricades. A light metal shed or other light-weight fire-retardant cover may
be used for weather protection for individual cells. Heavy structures or
flammable material will not be used.

2, Module storage (open storage) may be used as determined necessary by
the DoD Component concerned. However, from the standpoint of explosives safety
as well as reliability, priority should be given to covered storage (igloos) for
items requiring protection from the elements. Module type storage is considered
a temporary expedient and should not be employed in lieu of standard methods for
long~term storage.

3. The maximum net weight of explosives permitted to be storad within each
cell is 250,000 1bs.

4, Authorized Storage,

a. The items which may be stored in modules are limited to high explosive
bombs, similarly cased class 1 division 1 ammunition, 20mm and 30wm ammunition in l
metal shipping containers, and CBU's in authorized non-flammable shipping containers,

b. Stocks in each module normally should be limited to one type of {item in
the standard shipping configuration unless mixed storage is authorized by the con-
trolling authority. '

¢. Module storage of ammunition in flammable outer-pack configurations
should be minimized.

d. Wher. fire retardant tarpaulins are used for cover, sufficient ventilation
between the tarpaulin and the stored ammunition shall be provided.

5. Barricace Requirements

a. All barricades used in forming the module and its cells shall meet the
requirements specified in paragraph 3~4E. Minimum barricade height required above
the top of the stack is influenced by the width or length of the stack (storage pad
size) and the distance between the stack and the top of the barricade. Heights in
Table 3~4.1 represent the minimum requirement for barricade locations based upon
storage pad sizes and separations shown. Where feasible, barricade heights ahould be
increased by using a 5° angle above the horizontal instead of the 2° shown in figure
3<4.1. Reference paragraph 3-4E2c.

b. The centerlines of barricades between cells of the module will be located
at a point halfway between adjacent munitions storage pads. Back and end (outside)
barricades will be located at the same distance from the pads as those between the
cells,

¢. Maximum advantage should be taken of natural barriers existing in the topog-
raphy in siting these modules. If natural barriers are used to substitute for a portion
of the module barricade, the protection provided must be at least equivalent to that
of the barricade.

6. Cell storage pad size may be as required to accommodate stocks. Table 3-4.1
gives minimum pad sizes necessary to handle most items in the explosives quantities
given. Storage pads should be hard surfaced, if possible, in order to minimize the
effects of earth shock from an accidental explosion. No restrictions are imposed
upon the arrangement of cells within a module or upon the arrangement of groups of
modules, except that cell openings will not face toward each other unless they are barri-

ey
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Table 3~4.1 ~ Intermagazine Separation for Barricaded Storage Modules
for Mass-Detonating Explosives.

Net Minimum Explosives-to-
Pounds Explosives Barricade Height Based Upon
of Distance in Feet Storage Pad Size
Explosives (Barricaded) Between

Cells & Mg?gles Cell Storage Pad Size, Min, Height of Barricade
D= 1.1W (width or depth) in Ft1 Above Top of Stack in Ft.

Column 1 Column 2 Colum 3 Column 4
50,000 40 30 2
100,000 50 30 2
125,000 55 30 2
150,000 60 30 2
175,000 60 30 2
200,000 65 30 2
200, 000 65 40 2
225,000 65 40 23
250, 000 70 40 2
250,000 70 50 3

1 the barricade height above the explosives stack shown in Column 4 will be increased
6 inches for each 10 foot increase in width or depth of the pad size shown in
column 3,

3-6
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caded or meet the standard quant.ty-distance crite-
ria for unbarricaded aboveground magazines,
7. Siting Criteria.
a tion between cells and modules,

(1¥ Distance between the nearest edges of
the stacks of munitions in adjacent cells and modules
will be as shown for appropriate explosives weights
in Table 3-4.1, Where cell explosives loadings are
eatablished for weights other than those shown
minimum distances between stacks will be deter-
mined by the formula: Distance = 1.1 times the
cube root of the net weight of explosives in pounds
D= 1.1WY%), '

(2) Deleted

b, Seperation between modules and all other
targets.

(1) Distance between a module and other
magazines shall be determined by applying the in-
termagazine distances specified in Tables 5-3 . and
5-.5.

(2) Distances between the explosives in the
cells of a module and all other targets will be deter-
mined upon the basis of the net explosives weight of
single cells. Distances will be measured between the
nearest edge of the munitions stack in the “control-
ling” cell and the nearest point of the target con-
cerned. Reference paragraph 3-2B.

E. Barricades and Farth Cover for Magazines.

1. General. Properly constructed barricades or
undisturbed natural earth are effective means for
protecting ammunition and explosives, structures,
or operations against high velocity low angle frag-
ments although the barricades may be destroyed in
the process. Since such fragments move along bal-
listic trajectories rather than straight lines, reason-
able margins in barricade height and length must be
provided beyond the minimum dimensions which
bleck lines of sight. Barricades also provide limited
protection against blast in the immediate vicinity.
They do not provide any protection against high
angle fragments and are ineffective in reducing the
blast pressure in the far field (inhabited building or
public traffic route distance).

2. Barricade requirements. Protection is con-
sidered effective when barricades meet the follow-

Interim Change 4

ing minimum requirements:

a. The slope of a barricade shall not be
steeper than 1'% horizontal to 1 vertical in order to
meet explosives safety requirementas, Facilities con-
structed in the future should have a slope of 2 hori-
~ontal to 1 vertical to reduce erosion and. facilitate
maintenance operations,

b. Earth barricades shall be made of material
as indicated in paragraph 3-4E4, below.

¢. The height and length of barricades shall
be determined as follows;

(1) Height
Establish a reference point at the top of
the far edge of one of the two stacks under consid-
eration between which the barricade is to be cor
structed. This reference point, if the top of the
stacks are not at the same elevation, shall be on the
stack whose top is at the lower elevation, Draw a
line from the reference point to the highest point of
the other stack. Draw a second line from the ref-
erence point forming an angle of 2 degrees above
the line. To preclude building excessively high barri-
caden, the barricade should be located as close as
possible to the stack on which the reference point
was eatablished, In the case where the stacks are of
equal height, the reference point may be established
on either stack. See Figure 3-4.2.
(2) Length
The length of the barricade will be de-
termined as shown in Figure 3-4.3.

d. Earth barricades mzeting the above re.
quirements may be modified by substituting a re-
taining wall, preferably of concrete, for the slope on
one side. The remaining side shall be of such slope
and thickness as necessary to assure that the width
of earth required for the top is held fitmly in place,

e. Other intervening barriers meeting the
requirements of a barricade as explained in chapter
2 or as proven by test may also be used; e.g., earth-
filled steel bin barricades for explosives loaded air-
craft,

3. Location of Barricades.

a. The distance between the foot of the barri-
cade and the stack of ammunition or explosives or
buildings containing explosives is nccessarily a
compromise. The smaller the distance, the less the
height and length of the barricade required to se-
cure proper geometry for intercepting projections.
On the other hand, it may be essentinl to make the
distance great enough to provide access for mainte-
nance and vehicles,

b. If it is impracticable to locate the bar-
ricades as stated in paragraph a above, barric; o=
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may be located adjacent to the facility to be pro-
tected,
4, Earth Cover for Magazines and Barricades.

a. Material for earth cover over magazines
and for barricades shall be reasonably cohesive
(solid or wet clay and similar types of soil should not
be used as they are too cohesive), free from dele-
terious organic matter, trash, debris, and stones
heavier than 10 pounds or larger than 6 inches in
diameter. The larger stones should be limited to the
lower center of fills and not used for earth cover
over magazines. Compaction and surface prepara-
tion shall be provided as necessary to maintain
structural integrity and avoid erosion, Where it is
impossible to use a cohesive material, for example
in sandy soil, the barricade or the earth cover over
magazines should be finished with a suitable mate-
rial to insure structural integrity.

b. The earthfill or earth cover between igloo
magazines may be either solid or sloped in accord-
ance with the requirements of other construction
features, but a minimum of 2 feet of earth cover
must be maintained over the top of each magazine
and a minimum slope of 14 horizon:al to 1 vertical
starting directly above the spring line of each arch
must be maintained to meet explosives safety re-
quirements, Facilities constructed in the future
should have a slope of 2 horizontal to 1 vertical to
reduce erosion and facilitate maintenance opera.
tions. ‘

F, ‘Other Explosives Buildings and Magazines.
Existing facilities described by definitive
drawings and specifically approved for the purpose
by DoD Components are acceptable for handling and
storsge of anmunition and explosives. If existing

facilities not so standardized are proposed for
use in handling and storing ammunition and explo-
sives, preliminery drawings will be submitted to
DDESEZ for approval.

G. Application of Quantity-Distance to Igloo
Magazines,

1. For application of quantity-distances, maga-
zines must not have been structurally weakened to
the extent that they could not be expected to pre-
vent propagation of explosions. The specified thick.
ness and slope of the earth cover must be main.
tained.

2. Determination as to whether construction of
magazines is equivalent to the requirements of the
applicable drawings shall be made by the DoD Com-
ponent concerned.

3. Standard igloo magazines constructed in the
future shall meet the minimum requirements of the
current revisions of the drawings listed in subpara-
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graphs A, B, and C above.

4. Normally, igloo magazines shall not be
constructed to face door-to-door. They should face
in the same direction with the long axes paralle! to
each other. In special cases where topographic or
other important considerations would result in dif-
ferent orientations, ‘they shall be sited in accord-
ance with paragraph 5-4.

H. Policy on Protective Construction

The present “state of the art” in protective con-
struction is such as to permit achievement of any
calculated level of protection from explosion com-
munication between adjacent bays or buildings; for
personnel against death or serious injury from inci-
dents in adjacent bays or buildings; and for vital
and expensive equipment installations. Therefore,
the major objectives in facility planning should be:

1, Provision of protection against explosion
cormunication between adjacent bays or bufldings
and protection of personnel against death or serious
injury from f{ncidents in adjacent hays or buildings.
Reference paragraph 3-2B and C. In situstions where
the protection of personnel and facilities would be
greatly enhanced or costa significantly reduced by
having separate buildings to limit explosion propa-
gation rather than using protective construction

and separation of explosive units within one build-
ing, planning should reflect this fact.

2. Provision of protection for vital and expen-
sive equipment, if the additional cost is warranted.

3. When an appropriate degree of protection
can be provided either by hardening a target build.
ing or construction of a source building to suppress
explosion effects, these factors may be taken into
account and the distances required by the standard
quantity-distance tables may be reduced. Site and
general construction plans for ammunition and ex-
plosives facilities which propose reduced distances
based upon protective construction must be accom-
panied by the rationale or test results which justify
the reduction when they are submitted for DDESB
approval. Reference para 3-6.

3-3. Specific Siting Standards

The standards contained in this paragraph are
specific requirements for the siting of facilities
listed in following subparagraphs:

A. Interchange Yards. Truck. trailer, or railcar
interchange yards are not sulject to quantity-dis-
tance regulations, when they are used exclusively—

1. for the interchange of vehicles or railcars
containing ammunition and explosives between the
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commercial carrier and DoD activities
(reference chanter 2):

. 2. to conduct external inspection of the trucks,
trailers, railcars, or MILVANS containing armmuni-
tion and explosives, and

3. to conduct visual inspection of the external
condition of the cargoin vehicles (trucks,
trailers, railcars, MILVANS, etc.) that passed the
external inspection. If the yards are used at any
time for any purpose other than above, applicable
quantity-distance tables apply. Reference para-
greph 3-2B8.

B. Rail and Truck Holding Yards.

1. Generally, rail holding yards should be laid
out on a unit car-group basis with each unit car-
group scparated by the applicable aboveground
magezine distance.

2. If the rail holding yard is formed by two par.
allel ladder tracks connected by diagonal spurs, the
paralle]l tracks and the diagonal spurs shall be
separated by applicable aboveground magazine dis-
tances for the unit-group quantities of high explo-
sives,

3. If the rail 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 should be separated
by the applicable aboveground magazine distance
for the net quantity of high explosives in the cars on
thie spurs.

4. Generally, truck holding yards should be
laid out on a unit truck-group basis with each group
peparated by the spplicable aboveground magazine
distances.

5. Both rail and truck holding yards shall be
separated from other facilities by the applicable
quantity-distance criteria.

6. In addition to the temporary parking of rail-
cars, trucks, trailers, or MILVANS containing am-
munition and explosives, holding yards may also be
used to interchsnge truck trailers or railcars be-
tween the commercial carrier and the DoD
activity and to conduct visual inspec-
tions. Reference paragraph 3-5D,

C. Classification Yard.

1. For protection of the classification yard
from external explosions, separation distances shall
at least be the applicable magazine distance.

2. Specific quantity-distance separation is not
required from the claseification yard to targets
other than explosive locations when the classifica-
tion yard is used exclusively for:

8. receiving, dispatching, classifying and
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switching of cars (Reference chapter 2);

b. interchanging of trucks, trailers, railcars,
or MILVANS between the common carrier and the
DoD activity; .

c. conducting external inspection of motor
vehicles and railcars; or

d. opening of free rolling doors of railcars for
the purposes of removing documents and making a
visual inspection of the cargo. If the yard is used at
any time for any other purpose, such as placing or
removal of dunnage or explosive items into or from
cars, quantity-distance tables apply. Reference
paragraph 3-2B.

D. Railcar and Truck Inspection Stations.

1. Specific quantity-distance separations are
not required for inspection stations; however, they
should be as remote as practicable from hazardous
or populated areas, Activities which may be per-
formed at the inspection station after railcars or
motor vehicles containing ammunition and explo-
sives are received from the delivering carrier and
prior to further routing within the installation are:

a. External visual inspection of the railcars
or motor vehicles.

b. Visual inspection of the external condition
of the cargo packaging in vehicles (trucks, trailers,
railcars, MILVANS, etc.) which have passed the
external inspection indicated above,

¢. Interchange of trucks, trailers, railcars, or
MILVANS between the common carrier and the
DoD activity.

2. If any activities other than the above are
conducted at the inspection station, quantity-dis-
tance applies.

3. Any cars or trucks suspected of being in a
hazardous condition will be isolated consistent with
applicable quantity-distance separation for the
hazard class and explosives quantity involved. This
shall be accomplished prior to any subsequent ac-
tion. :

E. Administration and Industrial Areas.

1. Administration and industrial areas shall be
separated from explosives concentrations by in-
habited building distances.

2. Auxiliary facilities such as joiner shops,
heating plants, and field offices which are required
to be at explosives operations and serving only one
building or operation shall be so Jocated and con-
structed as to provide prudent fire protection.
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F, Inert Storage Area

It i{s the responsibility of the DoD Component concerned to determine the
acceptable protection for such areas after consideration of the value and
importance of material in relation to the misasion of the installatiom, the
operational conditions, and the availability of space.

G, Steel Tanks Built on or above the Suxrface of the Ground

Table 7-7.1, Column 4 distances shall be utilized for the separation distance
between explosives concentrations and steel -storage tanks which are built on or
above the surface of the ground., The tanks indicated above are of the type
commonly used for storage of petroleum products (POL), main water supply, and
other liquids.

H. Underground tanks or pipelines

These should be separated from buildings or stacks containing ammunition and
explosives of Hazard Classes 1, Divisions 2 through 4 by a minimum distance of
80 feet. The seg7ration for Hazard Class 1, Division 1 should correspond to the
formula D = 3.0wl/3 with a minimum distance of B0 feet, unless the donor building
is designed to contain the effects of an explosion.

I. Recreational, Training, and Other Such Areas

Open areas between explosive storage and handling sites and between these sites
and non-explosive buildings and structures, should be carefully controlled regarding
use for recreation or training facilities. As a general rule, the fragment hazard
will be severe from the explosion site out to approximately the public traffic route
distances. Accordingly, recraation and training facilities, where people are in the
open, shall be sited at not less than public traffic route distances and preferably
as near inhabited building distances as practicable. When structures, including
bleachers, are included as part of these facilities, they shall be sited at not less
than inhabited building distances.

J. Wharf Yard

Separation of a wharf yard from the pier which it serves by a distance clearly
sufficient to prevent immediate propagation of an explosion (Table 5-3.4, Colum 9)

as a part of the ship or barge unit and added to 1t for computation of the total
amount of explosives for quantity-distance purposes. The outer limit of the wharf
yard will then be considered as the ship unit boundary for computing applicable
quantity-distance requirements.

K. Demolition or Burning Areas

Sites for demolition and burning of explosives shall be separated from other
facilities based on the hazards associated with the quantity and type of material
to be destroyed. This is the responsibility of the using DoD Component.

L. Electric Power Lines. The following separation requirements apply to all 3
new construction:

1. Electrical lines serving exploaives operating facilities should be in-
stalled underground from a point not leas than 50 feet away from such facilities.

2. Electrical service lines required to be in close proximity to an explosives
operating facility should be no closer to that facility than the |length of the lines
between the poles/towers which support the lines unless effectivd means ie provided
to assure that energized lines cannot on breaking come into contatt with the
facility or its appurtenances. )
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3. Electrical distribution lines (those carrying less than 69 Kv), the
towers/poles supporting these lines and unmanned electrical substations will
be no closer to explosives exposures than public traffic route distances.

4, Electrical transmission lines (those carrying 69 Kv or more) and tha
towers/poles cupporting them will be located no closer to PESs than (a) inhabited
building distance 1f the line in question 1is part of a grid system serving a large
of f-base area; (b) public traffic route distance 1f loss of the line will not
create gserious social or economic hardships.

(Note: Public traffic route and inhabited building distances will be based on
alrblast overpressure only; fragment distances will not be us