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PREFACE

The purpose of this report is to provide safety concepts that
can be used in facility siting and structure layouts developed in
connections with the USAMUCOM modernization program for installa-
tions and activities. This is not a requlatory document.

Although each concept is a single entity within itself, at any
time it may be modified and/or supplemented. Therefore, any refer-
ence to a given concept shall be accompanied with a date indicating
the latest issue,

The enclosed safety concepts have been developed by Picatinny
Arsenal as a part of their overall engineering program entitled
"Safety Engineering in Support of Ammunition Plants" for the U.S.
Army Munitions Command, with assistance from Ammann & Whitney,
Consulting Engineers, New York.

114




ACKNMMLEDGEMENTS

The author wishes to exnress his sincere anppreciation to the
followina for the valuable assistance and cormments durina the
develonment of the concents, and for their review after the com-
nletion of the concents: Mr. C.A. Breedina (PNNFSR): Messrs.,
W.6. Oueen, A. MHall and M. Zaua (I!'SAYC-SF); My, F.Y. Van Pattan
(A1sMy=SF) ;s Messrs. L. Saffian, I. Forsten, S. Yachtell and R.

Rindner (S'M1!PA-MT); and Messrs. E. Cohen, '. Dede, J. Porcaro
and ¥, Gandhi (Armann % Vhitnev).



TABLE OF CONTENTS

Section Page
PREEAGE & o o sl 1o wsts o io (6 40 & ol & | a2 2o (o] ia R R A
ACKNOWLEDGEMENTS . . « « . « . e e e o o o o e . N
INTRODUCTION & & v o o o o o o o o o o o o o o o ix
ITEM-1. EFFECTIVE BARRICADING OF BUILDINGS . . . 1-1

ITEM-2. EXPLOSIVE COLLECTION FACILITIES FOR
USE IN NEW CONSTRUCTION . . . . . . . 2-1

ITEM-3. TRANSFER OF EXPLOSIVES THROUGH
BUILDENGS « w o o © 5 & ©w s 4 @ 5 5 & 3-1

ITEM-4, TRANSFER OF EXPLOSIVES BETWEEN
BUILDINGS . v o o o 2 ¢ 0 o 0 s « o« « 4-1

ITEM-5. SPECIAL SAFETY CONCEPTS FOR LOAD-
ASSEMBLY-PACKOUT INSTALLATIONS . . . . 5-1

vii



INTRODUC INN

Purpose

The purpose of this report is to provide approved safety con-
cepts for use in facility sitina and structure layouts develoned
in connection with USAMUCOM modernized installations and activities.

Scone

These safetv concepts annly to all USAMUCOM installations and
activities and have been apnroved by both the U.S. Army Materiel
Command and the Denartment of Defense Exnlosives Safety Board.

Each concent is a single entity within itself but mav, at anv
time, be modified and/or supplemented. Therefore, any reference
to a qiven concept shall be accompanied with a date indicating the
latest revision.

Nbjective

To establish necessary clarification or modification of and
addition to AMCR 385-100 for use during concent formulations, enai-
neering develonment and final desian of USAMUCOM installations and
activities includina new facilities, renovation, rework, demilitari-
zation and disnosal.

Backqround

U.S. Army Munition Command (USAMUCOM) is presentlv narticinatina
in an Army-wide modernization nroaram of exnlnsive manufacturina
facilities under its command. This proqram is nrimarily directed
towards a more efficient and safer production of explosive munitions.

Reaarding the safety asnects, submission of safetv criteria bv
several USAMUCOM facilities has shown a wide variation in modernized
safety concents when applied to a similar tvne of exnlosive facili-
ties. Therefore, at the request of USAMUCOM, Picatinnv Arsenal,
with the assistance of Ammann & Whitney, has undertaken a study to
develon "anproved safety concepts" to achieve uniformity of safety
criteria aonlication.

Although the concents as presented are not of a requlatory na-
ture, their application will facilitate safety reviews and approvals,
and in some cases, are to be considered by coqnizant safety personnel
as modifications and/or sunnlempnts to the safetv requirements of
AMCR 385-100,
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REVISION NO. 1
(Decerber

ITEM - §

Page 5-2; Add the following sentence to Paragranh 1:

"Separation of the Inspection Building from the Unpacking
Building shall conform to intraline distance based upon the
larger of the two quantities of explosive in the two buildings."”

Page 5-2; Replace Paragraph 2 with the following:

"Personnel may be permitted to enter any given area within
either the Receiving or the Unpacking Building at any given
time. If the tote bins are used for packaging of bulk ex-
plosives, personnel may be permitted to enter the Inspection
Bays in the Inspection Building to replace empty bins with
full bins. A1l other operations in the Inspection Bays must
be performed remotely. Cardboard boxes used for shipping
bulk explosives may be opened in the Receiving Building;
however, movement of the boxes inside the Inspection Bays,
the opening of the plastic liners of the cardboard boxes,
and dumping of the explosives into the inspection equipment
shall be performed remotely. The plastic liners may be opened
manually in the Unpacking Building or in the Inspection
Building in separate bays set aside specifically for that

* purpose. Movement of the boxes inside the Inspection Bays and

subsequent operations shall be accomplished remotely. If de-
sired, the bulk explosive may be placed in tote bins within
the Unpacking Building for movement to the Inspection Building
and thereby permitting the personnel conveying the tote bins
to enter the Inspection Bays."

Plate No. 1.11; Replace Plate No. 1.11 dated October 16, 1972
by Plate No. 1.11 First Revision dated December 1972.

Plate No. 5.1; Replace Plate No. 5.1 dated October 16, 1972
by Plate No. 5.1 First Revision dated December 1972.

Plate No. 5.3; Replace Plate No. 5.3 dated October 16, 1972
by Plate No. 5.3 First Revision dated December 1972.



1 - 1

EFFCRTIVE RARPPICADIYG NF BHILOT'INS

1. Means of Rarricadina - 'lew Construction or Major "odification

In order that two adjoinina buildinas be separated by barri-
caded intraline distance, the buildinas must be nrovided with an
effective barricade or a combination of effective barricades.
Three rmeans are availahle for providing barricadina: namely, (1)
effective dividina walls, (2) effective earth barricades, and (3)
structure burial.

2. Effective Dividina Walls

a. Tvne of Dividinag lalls

For dividina walls to be effective, thev shall be constructed bv
utilizina reinforced concrete and/or structural steel. Fach wall
shall be desianed to resist, with response limited to incinient
failure deflection (T"15-1300), the hlast effects of a detonation
within the buildina it is nrotectina as well as the blast and fraq-
ments (hoth nrimarv and secondarv fraaments) produced hv an naxnlo-
sion in the adininina huildina.

b. Positionina of Dividing Walls

For a dividina wall or a comhination of dividina walls to be
considered effactive, one of the followina wall arranaements shall
be utilized:

(1). Dividina !all Arranaement Mo. 1 (Plate Ho. 1.1)

Twn buildinas containina annroximatelv the same exnlosive quan-
tity shall be senarated by barricaded intraline distances based
unon the larager of the two exnlnsive quantities. The wall of each
buildina facina the adjoinina buildina shall be designed as an ef-
fective dividing wall. The heiaht of each wall shall be at least
3 feet above the heiaht of its resnnactive buildina or as defined
by Line of Siaht Mo. 2 illustrated in Plate No. 1.1.

(2). DNividing Yall Arranqement 'lo. 2 (Plate No. 1.2)

When the exnlasive auantitv in one buildina (Buildina "A") is
substantiallv laraer than the exnlnsive nuantity in an adininina
buildina (Ruildina "B"), then the twn buildinaqs shall be senarated
bv a barricaded intraline distance based unon the laraer of the two
exnlnsive aquantities. The wall of Buildinag "B" facing Building "A"
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shall be desianed as an effective dividing wall while the wall of
Buildina "A" facina Buildina "B" mav be desianed for conventional
loadinas (non-bhlast resistant). The heiaht of the dividina wall
shall be similar ta that defined for Arranarment ‘lo. 1 and as
illustrated in Plate No. 1.2, For this arranqement to be annli-
cable, the unbarricaded intraline distance based unan the smaller
exnlosive aquantitv must be eaual to or less than the barricaded
distance mentioned above.

Attention is directed to the notes of Plate Mo. 1.2 for annli-
cability of this dividina wall arranaerment,

(3). DnNividina Mall Arranacment Mo. 3 (Plate No. 1.3)

A buildina containing exnlosives (Ruildina "A") shall he sepa-
rated from a buildina containinag inert materials (Buildina "R") hv
a barricaded intraline distance when the wall of the inert material
buildina facing the buildina with explosives is desiqned as an
effective dividino wall,

The wall of the buildina containina exnlosives which facns the
inert material buildina may be desiqned for conventional loadinas
(non-blast resistant). The heiaht of the dividing wall shall bhe
similar to that described for Arrancerments Mos. 1 and 2 and as
i1lustrated in Plate No. 1.3.

(4). Multi-Bay Effects (Plates Mos. 1.4 and 1.5)

In the event that either (or both) of the twa adioining buildinas
are subdivided into multi-exnlosive bays to nrevent nranaqation of
exnlosion within the buildina(s), the saparation between the twa
buildinas shall be basnd nunon the auantitv of exnlasive corresnondinn
to the laraest auantitv-senaration distance. Far examnle, the 5,010
nounds of axplosive lacated in Bay 2 (Plate No. 1.4) will require
a barricaded intraline senaration of 150 feet which, in combination
with the width of Bav 3 (20 feet), will result in a buildina sena-
ration of 139 feet. This distance is jTarger than the intraline
distance required of the quantity of explosive required in Bav 1,
Bay 3 or Buildinag "B". A second examnle of multi-bay building
quantitv-distance reauirements is illustrated in Plate 'o. 1.5.
Here, the inert material buildina (Building "R") is senarated from
the multi-bav buildina (Buildina "A") hv a barricaded intraline
distance based unon the quantity of exnlosive in Bav 1 which, in
combination with the width of Bay 2, will result in a senaration
between buildinas of 137 fert. It may be noted that, in the latter
examnle, the blast nressures actina on the around immediatelv in
front of the inert building nraduced bv an exnlosion in Ravs 1 and 2
will be 12.5 and 10.5 nsi, resnectivelv, both of which are larae
enough to nroduce sianificant damage to the structure's roof and
side walls.
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3. Fffective Farth Barricades

a. Tvne of Farth Barricades (Plate MNo. 1.6)

A1l new construction of earth barricades shall utilize the
sinale revetted concent. Fxisting double revetted and earth-mound
barricades shall be renlaced durinag new construction, major modi-
fications, or as thev need renlacement. Earth-mound barricades may
be altered to form sinale revetted barricades, if desired. A pos-
sible means for accomnlishinag this alteration is illustrated in
Plate Mo, 1.6.

b. Positioning of Barricades

Fach new and modified barricade shall be senarated from the
buildinag it is protecting (receiver structure) bv a distance equal
to or less than one quarter the huildina hnight.

For a barricade or a combination of barricades to be considered
effective, one of the followina barricade arranaements shall be
utilized:

(1). Barricade Arranaoment ''o. 1 (Plate Mo, 1.7)

Two buildinas containina annroximately the same quantity of
exnlosives shall be senarated by a barricaded intraline distance
based unon the lararr auantitv when the wall of each buildina which
faces the adioinina buildina is nrotected bv a barricade. Fach
barricade shall extond above the building it is nrotectina by at
least 3 feet or as defined by Line of Sight Mo. 2 illustrated in
Plate Mo. 1.7. Alsn, the lenqth of each barricade shall be lona
enouah to extend 3 feet bevond the two linrs connectina the common
sides of the two buildinas (Plate Yo..1.7).

(2). Barricade Arranacement to. 2 (Plate MNo. 1.8)

“then the auantitv of ~xnlosive in one buildina (Ruildina "A")
is substantially laraer than the exnlnsive quantitv in an adininina
building (Buildina "R"), the two buildinas shall be senarated bv a
barricaded interline distance based unon the larqer quantitv of
exnlosive if a barricade is nositioned at the building having the
smaller amount of exnlosive (Ruildina "B"). The heiaght and lenqth
of the barricade arr similar to those described from Arranaement
No. 1 or as illustrated in Plate ', 1.8. For this arranaement to
be apnlicable, the unbarricaded intraline distance based upon the
smaller exnlosive quantity must he equal to or less than the barri-
caded distance mentioned above.
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(3). PRarricade Arranaement No. 3 (Plate No. 1.9)

A buildina containing exnlosives (Buildina “A") shall be sena-
rated from a building containina inert material (Buildinaq "B") bv
a barricaded intraline distance when a barricade is nositioned at
the buildina containina the inert material. A barricade is nnt
required at the exnlosive buildina. The heiaht and lenath of the
barricade are similar to those described for Arranaements Nos. 1
and 2.

4. T-Rarricades (Plate No. 1.10)

a. Use of T-Barricades

T-Barricades shall only be used in the bulk receivina and/or
shipping nortions of a facility for seoaration of exnlosive quanti-
ties not to exceed 50,70 nounds. The senaration distance heatween
the exnlosives at onnnsite sides of the barricade shall be enual to
1%1 times the cube root of the larger of the two exnlosive quanti-
ties.

b, Barricade Confinuration

The base of a T-Barricade shall be at least 19 feet wide. FEach
side of the barricade shall have a slooe of 5 on 2 for a barricade
height un to 20 feet. For barricades hiaher than 20 feet, the
width at the ton of the barricade shall he equal to 3 feet. The
ton of the barricade shall extend at least 6 feet above the ton of
the hiqghest stack of exnlosive and/or shall meat the requirements
for the line of siaht illustrated in Plate 1.1N.

5. Fully and Partially Below-fGrade Structures

a. Effective Barricading (Plate Mo. 1.11)

Buildings positioned fully or nartiallv below arade mav be
separated from adjoinina below and/or above-ground buildinas by
barricaded intraline distances when all of the exnlosive within the
below qrade structure is located (1) below the qround surface, (2)
below the top of the mound of a nartly buried, nartly earth-mounded
structure, or (3) when the above-around nortion of the exnlnsive in
a partly above and nartly below aqround buildina is nrotected by
TH5-13N0 walls, For a fully or partially below qrade structure to
be fully effective as a barricade, the exnlosive must be nositioned
below the ton of the buildina based unon the line nf siaht formed
between the tons of the below qrade structure and the adioining
above-around structure. This line of siaht is illustrated in Plate
Mo, 1.11.
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Use of fully or nartially below-arade structures is annroved
for those situations where neither neonle nor exnensive (lona lead)
equinment is located in the unprotected above-around nortion of the
structure.

b. Below Grade Structure Arranaements (Plate *In. 1.1?)

(1). Structure Arranaement No. 1

Arranaement Mo. 1 may be utilized when all exnlnsives within
the buildina arm nnsitioned below the arade. In mnst situations
this arranacment is used when the above-around nortion of the struc-
ture is exnendable and therefore is permitted to collanse as a re-
sult of an exnlosion within the structure or in the adjoining
structures, Personnel and/or valuable equinment mav not be nosi-
tioned in the exnendahle nortion of the structure. In some cases,
hovwever, it mav be desirable to desian the above-around nortion of
the structure to resist the effects of a detonation in an adjoininea
buildina. In this latter case, the above-qround nortion in addi-
tion to beina desianed to resist external loads, shall also be
canable of releasina the blast loads nroduced by an exnlosion within
the building. An illustration of this below-qrade structure ar-
ranqgement is shown on Plate to. 1.12.

An alternative structure arrangement to Below=-firade Structure
Arranoement Mo. 1 is also shown in Plate 1.12. Here, rather than
beinan situated above qround, the franaible roof is nositioned flush
with the around.

At the present time, only a minimal amount of data relatinna to
the blast-resistant canacity of buried buildinas is available.
However, tests are nresentlv beina develoned wheresbv the necessary
desian data will be obtained. In the interim, it is recommended
that the walls of Below-Grade Structure Arranaement !o. 1 be de-
sianed to resist the conventional earth and surcharqge (live and
dead) loads. Therefore, reinforced concrete walls will not require
the use of laced reinforcement.

(2). Structure Arranaerment !o. 2

Below-Grade Structure Arrangement No. 2 may be utilized when a
nortion of the exnlosive within a building is located above the
around and the remainder below the around. In this arranaement,
the above-around nart of the building is protected by an earth bar-
ricade. For this arranaement, it is recommended that laced rein-
forcement be used in concrete walls which extend above the gqround
surface more than 10 fert. The lacina shall extend below the around
to a sufficient denth in order to insure full develonment of the
flexural reinforcement. Concrete walls whnse heiaht ahove the
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ground is less than 10 fent mav be desinned sinilarly to the walls
of the below-around nortion of the buildina as indicated for
Arrangement No. 1.

(3). Structure Arranaement tlo. 3 (Plate MNo. 1.12)

Below-Grade Structure Arranaement No. 3 is similar to Arranqe-
ment No. 2 excent that the exnlosive nositioned above the ground
is nrotected by laced reinforced concrete walls rather than bv
earth barricades., The above-qround nortion of the walls shall be
constructed of laced reinforced concrete.
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TITEM - 2
EXPLOSIVE CALLECTINY FACILITIES FOR USE IN MU COMSTPICTION

1. Collector Facilities

Exnlosive collection facilities include vacuum collectors (wet,
dry, portable or stationarv), vacuum collector buildinas, and nol-
lution abatement processina facilities.

2. Vacuum Collectors in Operatina Buildinas (Plate Mo. 2.1)

The nortable wet and drv collectors shall be located within the
oneratinag buildina in accordance with the requirements of Section
27-7c of AMCR 385-1N0. However, a maximum accumulation of the ex-
nlosive within anv one collector or series of collectors in anyone
bay shall not exceed 5 nounds of H.F.

A collector shall service only one operating bav. Uhen the col-
lector is positioned in a separate bav, the collector bav should be
located as close as nossible to the onerating bay which it serves.
The collector bav shall consist of nrotective walls enclosing the
collector on three sides. The walls shall extend two feet nast the
exterior surface (walls and roof) of the oneratina buildinqg. If a
blast resistant roof is nrovided, then the walls of the collector
bay need not extend above the buildina roof. The walls and roof of
a collector bav shall be desiqgned for a resnonse limited to the
incinient failure deflectinn. A bav which houses a collector shall
not be used for other onerations or as a communicatina corridor or
passagewav. Lines carrving explnsive waste from an oneratina bav
to a collector bay shall be provided with detonation trans or
other nositive means to prevent a nronagation of exnlosion between
the bavs. A wet nortable collector which is nositioned in an oper-
ating bav mav service that bav only and, therefore, requires no
snecial shielding.

3. Vacuum Collectors FExterior of Nneratina Building

a. Fxnlosive Ouantity Nistance Pequirements (Plates Mos. 2.7
and 2.3)

Each wet or drv collector containing more than 5 nounds of II.E.
shall be positioned in a separate buildina which shall be separated
from the oneratina buildina it is servina bv a distance conforming
to the barricaded intraline distance bhased unon the auantitv of ex-
plosive in the collector buildina. Senaration between the collector
buildina and an adioinina operatina buildina, not serviced by the
collector buildina, shall conform to intraline distance based upon
the auantitv of exnlosive in the oneratina buildina (Plate MNo. 2.2).
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If two or more collector buildings adjoin one another, their
separation shall conform to intraline distance based upon the
largest quantity of explosive in the collector buildings. However,
the separation between any one of the collector buildings and the
operating buildings it is not serving, shall conform to intraline
distances based on the exnlosive quantities in the operating build-
ings (Plate No. 2.3).

b. Collector Building (Plate No. 2.4)

A vacuum collector building shall service only one operating
building. Where possible each room or bay of the operating build-
ing shall be serviced by a separate collector in the collector
building. However, a single collector in a collector building may
be used to service no more than two operating bays when separate
exhaust lines are provided for each operating bay. If desired,
the two exhaust lines may be serviced by a common header leading to
the vacuum collector building. No more than two primary collectors
located either in the operating or collector buildings shall be
serviced by a secondary collector (wet or dry) located in the col-
lector building.

Each collector (primary or secondary) shall be separated from
the adjoining collectors and the building it is serving by dividing
walls. The walls shall be designed to resist the effects of an
explosion in the collector building with a response limited to in-
cipient failure deflections.

Vacuum lines between the operating and the collector buildings
shall be provided with detonation traps or other positive means for
preventing a propagation of exnlosion between the buildings.

4. Pollution Abatement Processing Facilities (Plate No. 2.4)

A centrally located Pollution Abatement Processing Facility may
be used to serve more than one vacuum collector building and more
than one ooerating building at the same time. However, an abate-
ment facility shall be separated from all operation and collector
buildings by intraline distances. All lines serving the facility
that carry explosive waste shall be provided with detonation traps
or other positive means to prevent a propagation of explosion be-
tween the buildings and/or operations. "
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ITEM - 3
TRANSFFR OF EXPLNSIVES THRNUGH BHILNINGS

1. General

The methods used for transferring exnlosives throuah oneratina
buildinas will be denendent upon several factors includina (1) the
bui1ding subdivision, (2) operational hazards and (3) the methods
used for convevina the exnlosives.

The suhdivision of a building will be a function of onerational
considerations as well as exnlosive quantity/senaration distance
requirements. n the other hand, onerational hazards which are
specified in USAMUCOM Requlation 385-22, must be established from a
hazard analysis of the snecific facility operation. The third fac-
tor affectina the transfer of exnlosives through the buildinas will
be a function of the first two factors and, as will he shown later,
is interrelated to the selection of method used for inter-bay
transfer of exnlosives.

2. Subdivision of Ruildinas

The subdivision of buildinas for opnerational and/or auantitv-
distance requirements may be achieved with the use of blast resist-
ant barriers (dividina walls) as specified by AMCR 385-100.

A11 dividina walls shall be desianed in accordance with TM5-1300
with the structure's resnonse based on the nrotection cateaory (TH5-
1300) requirements snecified in the desian criteria for the opera-
tions of the receiver bays. In addition, each dividing wall shall
be desianed to nrevent overturning due to blast effects of an ex-
plosion. In most cases, this will reauire a structural monolithic
interaction hetween a wall and the adjoinina floor and roof (if
blast resistant) slabs of the building.

The explosive 1imit for each bay will be based on the total
aquantity of exnlosives in all items not properly snaced or barri-
caded to nrevent nronaacation from item to item, reaardless of the
hazard category involved.

3. Hazard Considerations (Plate 3.1)

Dependina upon the hazard of the oneration in a qiven operating
bay, certain safety nrovisions must be adhered to for transferring
the explosive items through an operatina buflding. These nrovisions
are as follows:
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a. Hazard Cateqaory 1

No srecial nrovisions for safe snacing and/or shieldina of items
are required for operatina bavs containing only Hazard Cateaory I
operations provided each bay is separated from the adioinina bavs
by protective barriers (TM5-1300). Blast resistant barriers between
adjoinina bays shall be desiqgned to prevent a direct line of sight
between the adjoinina operatina areas. The line of sight concept
will be discussed later.

Safety provisions for Category I hazards are illustrated in
Plate No. 3.1.

b. Hazard Cateqory Il

In addition to requiring that blast resistant barriers be fur-
nished to prevent a direct line of sight between adjoininq bays,
the operatina bays containing the Hazard Category Il operations
will require that individual items or cluster of items be separated
by safe snacina and/or be nrovided with shieldina to neaate exnlo-
sion pronagation between adjacent items.

Some data are available in Table 17.1 of AMCR 385-100 and from
the results of recent tests conducted under the direction of Pica-
tinny Arsenal reaardina safe senaration of ammunition on convevors.
However, in most cases, tests will be required to demonstrate the
effectiveness of the item separations and/or shielding to be used
for a qiven facilitv desian.

Safety provisions for Cateqorv II hazards are shown in Plate
No. 3.1.

c. Hazard Cateaory II1 (Plates Nos. 3.1 and 3.2)

Items nassina throuah areas containing Hazard Cateqory III oner-
tions shall be nrovided with snecial shieldina to nrovide a full
protection for nersonnel and equinment exterior of the shield. The
protective shield may be located in a senarate cperating bay or in
a bay containing other operations.

A Hazard Cateaory III operatina shield may be constructed either
of reinforced concrete and/or structural steel. The shield must be
designed such that all fraaments produced by the break-un of an item
casing and/or equinment are fully contained. Biast nressures nro-
duced by the internal explosion shall be vented to the atmosphere
throuah a venting stack no larqer than 15 inches in diameter and
extend at least 15 feet above the highest noint on the oneratina
buildina roof or 15 feet beyond the exterior walls. The exterior
surface of the operating buildina shall be designed to resist the

3-2



leakage overnressures from the venting stack of at least 1.2 osi
(strenathened franagible construction).

‘Access within the shield of explosives, nersonnel and equinment
shall be throunh a series of blast doors which shall be closed and
sealed agqainst rebound during the nerformance of the hazardous
oneration. All operations performed within the shield shall be
accomnlished remotely.

The ahbove shield is adequate for exnlocive quantities un to 15
pounds. Therefore, the nerformance of Hazard Cateaory III opera-
tion with exnlosive quantities greater than 15 pounds shall be ac-
comnlished in a senarate oneratinag buildina. Hazard Cateqorv III
onerations in a shield or in a separate buildina shall be nerformed
remotely.

A schematic renresentation of a Hazard Category IIl operating
shield is illustrated in Plate No. 3.2.

4. Inter-Bay Item Transfer

When an operatina building is subdivided by dividing walls for
quantity-distance and/or operational purnoses, the movement of items
from one operatina bay to another will require the transfer of the
f{tems over, around and/or throuah the nrotective barriers. To be
assured that pronagation of exnlosion between adfoinina operatina
bays will be neqated, all openings in the dividina wall shall be
arranged such that a direct line of sight through the openings will
be-interrunted. Also, in the case of transferrinag items around
and/or over the walls, sufficient safe snacing and/or shielding
shall be nrovided to insure that in the event of mass detonation in
one bay, propnagation of exnlosion does not occur in the adjoining
receiver bays. In most facility desians, any one operatina bay
must be considered both as a donor and a receiver bay.

a. Item Transfer Throuah Dividina Walls

Methods are available for accomnlishing the interruption of a
divect line of sight through the oneninas in the walls and still be
canable of transferrina explosive items from one operatina bay to
another with the use of conventional material handling equinment.
Several of these methods are described below.

(1). Maze Concept (Plates Nos. 3.3 and 3.4)

The nassaqe of items throunh the maze is so controlled that
items at one side of the wall will always be shielded from items at
the onposite side. This control may be illustrated with the use of
Plate No. 3.3 and as described below.
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Stage No. 1 indicates a typical oneration where Lot No. 1 has
passed throuah the maze into Bay 2, Lot No. 2 is nositioned in the
safe zone of the maze, and Lot No. 3 is anproaching the hold station
in Bay 1 before enterina the maze. It may be noted that all three
lots of items are protected from one another in the event an ex-
plosion occurs in any one of the three lots.

Stage No. 2 illustrates the situation where Lot No. 1 has nassed
further into Bav 2 and with Lot No. 2 just entering Bav 2 while Lot
No. 3 is still at the hold station (Point "A") of Bay 1. At this
stage, Lot No. 2 is considered to be a part of the exnlosive quan-
tity in Bay 2 and if an exnlosion occurred in Bay 2, this lot could
detonate without nronaaatina to Lot No. 3.

Stage No. 3 1llustrates Lot No. 2 has comnletely passed into
Bay 2 and thereby permits Lot No. 3 to move towards the safe zone
of the maze. At no time durinq this stage of movement can Lot No. 3
nropaacate to Lot No. 2. Although not shown in this illustration,
once Lot No. 3 reaches the safe zone within the maze, a new lot of
items can be accumulated at the hold station (Point "A") in Bay 1.

Construction of a maze shall be the same as that of the divid-
ina walls. All elements of a maze shall be desianed to sustain
damaae equal to or less than that of the dividina wall. Sufficient
clearance within the maze shall be provided to insure that the sen-
aration distance between the item and the elements of the maze meet
the requirements of Paragraph 4-9 (TM5-1309). Furthermore, suffi-
cient clearance shall be nrovided for maintenance purposes. A maze
may be orovided with or without a roof. For the latter, the walls
of the maze shall be high enouah so that a 1ine drawn from the too
edge of the item to the top edae of the wall will form a 3N-deqree
angle or less with the vertical.

Confiquration requirements for mazes are illustrated in Plate
No' 3'4.

In general, the sneed of the conveyor transferring the items
through a maze will be equal to the maximum conveyor speed in other
narts of a facility. Therefore, for facilities with hiah nroduction
rates, conveyor sneerds may be as hiah as 50 or 6N fos which, in turn,
mav require the use of large mazes to achieve the necessary turn
radius of the conveyors.

Plate 3.1 illustrates the transfer of explosive items through
mazes. Here, the nath of the conveyor movement is alona the center
of the operatina bays and, therefore, throuah the middle of the
dividing walls. It may be noted that a maze is provided for passane
of items between Bays 1 and 2 even though the operations performed
in each bay are considered to be in Hazard Cateqory I (exclusive of
operation in the shield).

3-4



(2). Turntable fancent {Plate Yo, 3.5)

The turntable concent is an extension of a method used in the
nast for transferrina items from one hazardous arca tn another.
In this method, exnlosive items nass throuah a revolvina mechanism,
The mechanism is divided into comnartments such that a shinld will
senarate adininina items as they nass throuah the wall anenina.

Turntables can be located at the ands of walls and/or within
walls. 1In all cases, the sneed of the turntable has to be syn-
chronized with the speed of the conveyor. In aeneral, turntables
will only have to revolve at several revolutions oer minute in order

to maintain convevor speeds unwards to G0 feet ner minute.

Turntables mav be constructed of structural steel, aluminum or
other structural metals. The onartitions of the turntables which
serve as shields must be canable of nreventina nronanation of ex-
nplosion between adioining items. In most cases, tests will be re-
quired to establish a safe thickness of the nartition shields.

The turntable as a whole must be canable of resistina the hlast and
fragment effects of a mass detonatinn in either of the adioinina
bavs, at resnonse levels equal to or higher than that of the wall.

Schematics of the turntable concent are illustrated in Plate
No. 3.5.

Plate Nn. 3.6 illustrates the nassane of exnlosive items throuah
turntables. Here, the nassaqe of the items is from the entrance
corridor of the building and throush a turntable into ooeratinng
Bav 1 while other items oroceed alonq the corridor and into Bavs 2
and 3. After comnletinaq the operation in each bav, the items pass
through a second set of turntables leadina to the exit corridor and
then out of the buildina. The use of the turntable nermits the
passane of items throuah the corridor in front of oneratina bavs
without endanarrina the exnlosive within the bavs from an exnlosion
in the corridor or adioinina bavs, or without endanaering the ex-
nlnsive in the corridor due to an exnlnsion in one of the bays.

(3). Blast Lock Concent (Plate MNo. 3.7)

The blast Tock concent utilizes a double blast door arrangement
to nrevent a Airect line of siaht. llere, one of the twon dnors is
closed at all times and, therebv, avertina a oronanation.

Both blast doors mav be constructed of structural steel. Thev
shall be designed to resist the blast and fragmentation effects
of a mass detonatinn in either adioining bav. Because hiah speed
fraaments are usuallv assonciated with an rxnlosion, the use of
huilt-un donrs (usina thin steel skin attached tn structural memhers)
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{s not advisable. A concentual layout of a blast lock is illus-
trated on Plate "o. 3.7.

b. Item Transfer Nver and Around Nividina Walls (Plate Mo. 3.3)

RBecause of the methods for transferrina exnlosive items over
and around the dividina walls are similar, the followina discussion
of the item transfer is anplicable to both directions of the wall
traversal.

As nreviously mentioned, for items nassina throuah the walls,
an interruntion of the line of siaght between the oneratina bavs must
be achieved to insure that a nropnaqation of exnlosion from one hav
to another will not occur. The line of siaht requirement also an-
nlies to items movina around the walls and can onlv he achieved with
the use of a safe snacina and/or shieldina hetween the iterms., In
the event of an exnlosinn occurrina in an operatina bav, the items
moving around the wall from the donor bav to the receiver bav shall
be so snaced or shielded from the items in the receiver bav that a
nronanation will not take nlace. This general nrincinle is illus-
trated in the followina examnles.

Plate No. 3.8 is a schematic diaqram of a three-bav oneratina
building subdivided by dividing walls. The exnlosive operations
are nerformed at the centers of the bays and the item transfer from
one bav to the other is accomnlishad bv movement around the dividinag
walls, In the event of a mass detonation in Rav 2, an item in Bav 1
which is exposed to a detonation is senarated from the hiahly con-
gested operating area (Hazard Cateqory I oneration) at the center of
Bay 1 by a safe separation distance and/or shirldina as indicated by
Note 1 (Plate Mo. 3.8). In the case of safe spacina, the required
separation would have to be estahlished bv testina. 0n the other
hand, shieldina of an item traversina around the wall could be ac-
comnlished with the use of a turntable (Plate Mo. 3.5) located at
the end of the wall. Protection from an exnlosion nronanation to
Bay 2 from a mass exnlosion in Bay 1 is achieved bv maintaining a
safe snacina and/or shieldina between the individual items or 1nts
nf items as reauired for Hazard Cateaorv Il onerations when thevy mnve
around the end of the walls. This nrotective nrocedure can be used
because of the safe spacino requirements for the items in Bav 2
nredicated by the Hazard Cateqory Il oneration beinqg performed in
this bav. Prevention of a nronaacation between Bavs 2 and 3 is ac-
comnlished in the same manner as that described for Bavy 2 from an
exnlosion in Bay 1.

Another example of item transfer around walls is shown on Plate
No. 3.9. In this {llustration the items enter each oneratina bay
from a common entrance corridor. After the individual onerations
are comoleted the items exit from each bav bv means of a cormmon exit
corridor. The building arrangement requires exnlosive items in the
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corridors to nass in front of the onen ends of the oneratina bays.
In the event of a mass exnlosion in Bay 1, all corridor items in

the indicated distance labeled "Note 1" (Plate No. 3.9) shall be
considered as nart of the explosive quantity of Bay 1 for establish-
ing quantitv-distance senaration between this and adjoinina build-
inas. To nrevent continued nronacation of exnlosion alonqg the
corridor, safe snacing and/or shielding between items in front of
adjoinina bavs must be maintained (Mote 2, Plate No. 3.9). In addi-
tion to preventing a continued exnlosion propanation alonq the cor-
ridor, the required corridor item spacing (or shielding) will also
orevent a nronaaation of exnlosion between adjoinina bhavs. The
“spacina and/or shieldina of the corridar items will reauire testinag
which, in turn, must consider the effects nroduced by mass detonation
within the bay. In addition, it is desired not to produce nronaga-
tion into an operating bay due to an explosion in the corridor, and
therefore, the flow of the items into a bav must be controlled in
order to assure that a safe snacina between the bav and corridor
items is maintained. Shielding may also be used to achieve the
latter nrotection.
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ITEN - 4

TRANSFER OF EXPLOSIVES BETWEEN BUILDINGS

1. General

Transfer of explosives can be accomnlished with the use of
conveyor systems, pneumatic systems and/or hydraulic systems.
Both the pneumatic and the hydraulic systems will require the use
of detonation traos and/or other positive means to prevent propa-
gation of explosion from one building to another through the lines.
On the other hand, nrevention of explosion propagation along con-
veyors may be achieved by providing safe spacing and/or shielding
between items. This required safety data must be obtained from
tests. In some cases, however, it may be more advantageous not
to neqate explosion propagation in ramps (between buildings) but
to 1imit explosion propaaation from extending into the adjoininqg
buildings. This procedure is discussed further below.

Because a more detailed discussion of the prevention of prop-
agation through the pneumatic and the hydraulic systems is given
in Item 5 of this report, the remainder of the descrintion for
transferring explosives between buildings will be devoted to items
on conveyors.

2. Conveying of Explosives

Three arrangements have been developed by which explosives may
be transferred between the adjoining buildings without producing a
propagation of explosion.

a. Arrangement No. 1 (Plate No. 4.1)

In Arrangement No. 1, individual items and/or lots of items
are allowed to accumulate in the ramp between the buildinas. In
the event of a detonation in the ramp, propagation of explosion
will extend throughout the entire lenqth of the ramp. However, to
prevent extension of the explosion into the buildings, effective
dividing walls are located at the points where the ramns enter the
building. Each of these walls is designed to withstand the effects
of a mass detonation in the ramp or within the building it is pro-
tecting. Other than the two buildings connected by the ramp, all
adjoining buildinas must be separated from the ramp based upon the
larger of the quantities of explosive in the ramn or in each ad-
Joining building.

The conveying arrangement described above is primarily appli-
cable for a conveyor having a straight run between buildings. The
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introduction of turns will, in turn, reduce the effectiveness of
this arranaement and in some cases comnletely eliminate its effec-
tiveness altoqgether.

b. Arranaement No. 2 (Plate No. 4.2)

In Arrangement Mo. 2 all of the individual items or lots of
ftems are separated from one another by safe spacing and/or shield-
ing, thereby preventing the occurrence of a mass detonation within
the ramo. The limiting of the explosion propagation will neqate
the need for dividina walls at each end of the ramn. However, in
determining the safe separation requirements, consideration must
be qiven to the safe spacing required to nrevent nronagation to
the ramn nroduced by a mass detonation within either of the

5u1lainqs.

¢. Arranacement Mo. 3 (Plate No. 4.3)

Arranaement 'Yo. 3 is a combination of Arrangements Mos. 1 and
2. Here, the individual items (or lots of items) in the ramn are
separated by required safe spacing and/or shielding. The effective
dividing walls positioned at the ends of the ramn protect the
buildings from a detonation in the ramn as well as the exnlosives
in the ramn from an explosion in the buildina. The use of this
system will eliminate the need for estahlishina a safe senaration
for the item in the ramp due to a mass explosion in one of the
buildings.
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ITEM - 5
SPECIAL SAFETY CONCEPTS FOR LAP INSTALLATINNS

1. Suqaested Exnlosive Limits for LAP Installations

Excent as noted in other items of the report or as snecified by
USAMUCOM and AMC Safety Requlations, the following exnlosive 1imits
for individual components of Load-Assembly-Packout (LAP) installa-
tions are recommended. However, dependina upon a given facility
lavout and the explosive hazards involved, exnlosive 1limits exces-
sively hiaher than those recommended will require a snecial safetv
review.

RECOMMENDED EXPLOSIVE LIMITS

Bulk Explosive Receiving Magazine 225,00Nn 1bs.

Inspection and/or Screenina Building (per Bav) - 6,00N 1bs.
Bulk Explosive Unpacking Building - 6,000 1bs.
Vacuum Collector Building (per Bay) - 200 1bs.
Settling Reservoirs (nart of Pollution Abatement

Facility and/or Explosive Collection Systems) - 1,000 1bs.
Melter Building (per Bay) - 2,00 1bs.
Load Building (ner Bay) - 2,000 1bs.
Riser Melter Building (per Bay) - 3,000 1bs.
Riser Melter Building (in separate bay of

Melter Building) - 2,000 1bs.
Cast Finishing Building (per Bay) - 2,000 1bs.
Cooling Iqlon - 18,000 1bs.
Cooling Buildinag (per Bay) - 5,000 1bs.
Assembly Building (per Bay) - 2,000 1bs.
Packout Building (ner Bay) - 5,000 1bs.
Pollution Abatement Process Facility - 1,000 1bs.
X-Ray Insnection Buildinag (per Bay) - 2,000 1bs.

X-Ray Hold Iqgloo
Service Magazines - normally 4-hour need but
not more than 1 day's
production (3-shift basis)
Loaded Cartridge Case Storage Magazine
(Class 2 and 24) - 40,000 1bs.
Shipping Facilities (per Bay) 50,000 1bs.

30,000 1bs.

2. Bulk Exnlosive Peceiving, Insnection (and/or Screening) and
Unpackina Buildinas (Plate No. 5.1)

Bulk Exnlosive Insnection and Unpacking Buildinas shall be sep-
arated from Receivina Buildings by unbarricaded intraline distances
based unon the quantitv of explosive in the Inspection or Unpacking
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Buildings. However, both the Inspection and the Unpacking Buildings
shall be barricaded from the Receivinag Building and, if possible,
the receiving platforms should be located on the side of the Receiv-
ing Building away from that of the Inspection Building.

Personnel may be located in the Receiving and Unpacking Build-
ings and where tote bins are used for packaginq.of bulk gxp1osives.
personncl may be permitted to enter the Inspection Building to re-
place empty bins with full bins. In all other cases, personnel
shall not enter the Insnection Building and all other operations in
the inspection process shall be performed remotely. Cardboard boxes
used for shipping bulk explosives may be opened in the Receiv]nq
Building; however, movement of the boxes to the Inspection Building
as well as opening of the inner plastic liners of the boxes shall
be performed by remote oneration. The plastic liners of the card-
board boxes may be opened in the Unpacking Building and, if desired,
the bulk exnlosive may be placed in tote bins for movement to the
Inspection Building. Separation of the Inspection Building from
the Unpacking Building shall conform to intraline distances based
upon tﬁe larger quantity of explosive in either building.

Any one Inspection Building shall have a maximum of two inspec-
tion bays. Each bay shall have an independent access and shall be
so arranged that the explosive being delivered to one bay will not
pass the open sides of the other bay. Unless the operation is per-
formed remotely, the use of separate bays in an Inspection Building

f?r opening cardboard boxes and/or plastic liners shall not be per-
mitted.

Bulk Explosive Receiving and Unpacking Buildings should usually
be constructed above ground and should be capable of resisting
effects asscciated with a blast overpressure of at least 1.2 psi.
The Inspection Building, on the other hand, may be positioned above
and/or below grade, in accordance with effective barricading re-
quirements previously stated. In most cases, the below ground
structure concept will be the more economical arrangement in addi-
tion to providing the maximum protection.

Transfer of explosives between the Inspection Building and the
Melt Building may be accomplished with the use of either a mech-
anical or pneumatic conveyance system.

Mechanical conveyance systems shall be so desianed to prevent
propagation of explosion from one building to the other. This may
be accomplished either by the development of specially desiqgned
conveyors for continuous feed or by safe spacing (and/or shielding)
when the explosive is conveyed in lots. Both continuous feed or
batching systems safety concept designs shall be verified by testing.



Until determined otherwise, pneumatic lines leading from an
Inspection Building to a Melter Building shall be nrovided with
detonation traps and/or other positive means to prevent a propagation
of exnlosion through the pneumatic lines. A set of two-detonation
trans shall be positioned every 30 feet along the pneumatic lines
for the full run of the lines between the buildinas. In the event
that the portion of the Inspection Building where the nneumatic
lines exit from the building is barricaded, then a portion of the
lines extending a distance of approximately 30 feet away from the
building (two sets of detonation trans) shall also be barricaded.
Positioning this portion of the pneumatic lines below the grade is
considered as effective barricading.

A pneumatic line leading from a given inspection bay shall not
be connected to another pneumatic line leading from another inspec-
tion bay. In the event it is desirable to position several pneuma-
tic 1ines in close proximity to one another, then sufficient safe
spacing and/or shielding should be provided to insure against pron-
agation of explosion from one line to the others. The required
spacing (and/or shieldina) shall be established by testing.

3. Melter Building (Plate No. 5.2)

The Melter Building shall contain only the neltina operation
of a LAP facility. Both bulk explosives and risers may be melted
in the Melter Building; however, each melting operation shall be lo-
cated within senarate bays. No more than 50 percent of the melting

canacity of a LAP facility shall be located in any one Melter Building.

A11 operations within a Melter Building shall be performed
remotely.

Melter Buildings may be a sinale storied structure above qround
or fully or partially below qrade. A1l exterior walls of the above-
ground structures shall be designed to resist the blast effects of
an explosion within the building and with response limits equal to
or less than incipient failure.

Because of the high hazard (Hazard Cateqory IV) associated with
the melting operation, it is desirable to nosition Melter Buildings
as far away as possible from other facility structures. Separations
which corresnond to inhabited building distances based upon the ex-
plosive quantity in the melter are more desirable between Melter
Buildinas and buildinas containina personnel such as metal parts
and control buildinas, lunch chanae houses, etc. However, when
real estate is not available, intraline distances may be used. How-
ever, where possible, use of barricaded intraline distances should
be avoided. Positioning of Melter Buildings relative to the Bulk
Receiving Building should also be based on inhabited building dis-
tances as specified by the explosive quantity in the melter but shall
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be at least equal to intraline distances based unon the quantity
of explosive in the Receivina Buildina. Buildina senaration be-
tween Melter and Insnection Buildinas shall be at least equal to
tfntraline distances as required for the explosive quantitv in the
Inspection Building. However, each of these buildings shall be
desianed to nrovide full protection for its contents from the
effects (both blast and fragments) of an explosion in one of the
adjoininag structures.

. Exterior pneumatic and hydraulic lines leadinqg from the Melter
Building to the Insnection and Load Buildings, respectively, shall
be provided with detonation traps and/or other effective means to
prevent propaqation of explosion between the resnective buildinas.
In addition, where both riser melters and bulk explosive melters
are located within the same Melter Building, the hydraulic lines
leadina from the riser melter area to the bulk explosive melter
area shall be equinned with positive means to neqate exnlosion
propagation between bays. A set of two-detonation trans shall be
positioned every 30 feet alona the entire lenath of each oneumatic
and hydraulic 1ine. In the event that the Melter Building is bar-
ricaded, then each 1ine extending approximately 30 feet awav from
the buildina (two sets of detonation trans) shall also be barri-
caded. Positionina of each 1ine below the grade is considered as
an effective means of barricadina.

The pneumatic and hydraulic lines from individual bays shall
not be connected together and, if it is found desirable to locate
several 1ines in close nroximity to one another, then safe spacing
and/or shielding should be provided to prevent exnlosion pnropaga-
tion between 1ines. The required protection shall be established
by testing.

In the event mechanical conveyance is used to transfer explosives
between the Inspection and the Melt Buildinas, then the means for
preventing oropaqation of explosion as discussed previously for the
Inspection Building shall be anplicable for the Melt Building.

4, Explosive Load Building

The Explosive Load Building shall contain only the exnlosive
loading operation of a LAP installation. Both molten and flake (in
the case of TNT) explosives may be loaded into projectile shells.
No more than 50 percent of the explosive loading capacity of a LAP
facilitv shall be located in any one Load Building.

A1l operations in a Load Bui]ding shall be performed remotely.
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The Load Buildinag shall be an above-arade structure, Indivi-
dual operating bays shall be separated by dividing walls with a
structural resnonse which shall not exceed incipient failure.

Separatina distances between Load Buildinas and adjoining build-
ings shall be the same as those senaration distances soecified for
the Melter Buildinas. However, intraline distances mav be used for
separating Melt Buildinas from their corresnonding Load Buildings.

Hydraulic exolosive lines leading from the Melter Building shall
he equipned with detonation trans and/or other means to nrevent
pronaqation. The hydraulic line entering a loadina bav shall be an
independent line and not connected to a main hydraulic line for a
distance of at least 30 feet (two sets of detonation trans) away
from the buildina. In the event that the Load Buildina is barri-
caded, then the hydraulic lines extendina annroximately 30 feet
away from the buildina shall also be barricaded. Positionina of
hydraulic 1ines below the ground surface is considered as an effec-
tive means of barricading.

Individual hydraulic 1ines which are located in close nroximity
to one another shall be senarated by safe separation distances and/
or shielding which shall be established by testina.

5. Combined On-Line Storage, Assemblv and Packout Buildina
(PTate No. 5.3)

Two major special safety concents shall be considered for the
design of a combined On-Line Storage-Assembly and Packout Buildinas
for LAP facilities, namely, (1) the three principal operations
(storage, assembly and packout) must be separated from one another
by efféctive dividing walls, and (2) the total quantity of exnlo-
sives in an on-line storaae buildina to be used for the desiaon of
the nrotective wall and auantity-distance nurnoses shall be based
unon the exnlosive quantity in the laraest stack of exnlosives when
other smaller stacks of exnlosives in the same area are senarated
from the main stack and from one another by safe separation distances
specified for ammunition on conveyors (Table 17.1, AMCR 385-100)
and/or as established by safe senaration tests.

Application of these two special safety concents is illustrated
in Plate No. 5.3.
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