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FOREWORD

1. This standard defli,=s the minimum =iterio necessory to design an

operational shield which will protect personnel and assets from thermal, pressure

and fragmentation hssxse-ds resulting fram an accidental ar intentional detonation

af ammunition or explosives; and identifies methods for testing prototype aperotianal

shields to aisess the degree to which they meet the protection criteria specified.

2. Criteria identified in this standard are recognized as providing an

environment that affords odequate protection for personnel and assets.

)’
. . .
Ill
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1. sCOPE

13
.,. Scope. This standord estohl;shes design criterio and test methods for

acceptonce=xratian~l shields developed to pfo~ct persannel and assets from

accidental or intentional detonation of exdo$ives durima ammunition surveillance.

maintenance, rrsadificatian, renovation

tion loading operations.

and demilitssrizofian operations ar ommuni -

!
1.2 Application.

1.2.1 This stondard is applicable only to criteria concerning the protection of

personnel and assets from accidental M intentional detonations ond deflagrations

and is not to be applicable in defining physical , operational or other applicable

criteria.

1.2.2 The design activity shal I submit a test plan 0s specified for review ond

opproval befafe conducting any testing. The test plan shall specify those test

methads contained herein which are applicable to tse design criteria. At the

conclusion of the test a report documenting test results shall also be submitted.

2. REFERENCED DOCUMENTS

2. I Issues of documenk. The following documents of the issue in effect an

date of invitation for bids w request for proposal, form o part of this standard to

the extent specified herein.

STANDARDS

ARMY

MILITARY

MIL-STD-1474 ---- Noise Limih far Army Materiel

TECHNICAL BULLETIN

TB 43-160 ---- Calibration Requirements for the

Maintenance af Army Materiel

(Copies of specifications, ]tandords, drawings and ~blications required

contractors in connection wit% specific procurement functions should be

fram the procuring activity w as directed by the contracting afficer. )

by

obtained

)
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3. DEFINITIONS

3.1 The following terms ond definitions opply to this stondad.

3.2 De flogrotion. A rapid chemicol reoction in which the output of heot is

sufficient to en able the reoction ta proceed and be accelerated without input

of heot from another source. Deflogration is o surface phenomenon with the

reactian products flowing away from the unreacted material at subsonic velocity.

The effect of a true deflagration under canfinernent is an expl=ion. Confinement

af the reactian increases pressure, rate of reaction and temperature, and may

cause transition into a detonation.

3.3 Detanatian. A violent chemical reaction within a chemical compaund

ar mechanical mixture evolving heat and pressure. A detonation is o reactian

wirich proceeds through the reocted material tow”ord the unreacted material at a

supersonic velocity. The result of the chemical reaction is exertion of extremely

high pressure an the surrounding medium farming a propagating shock wave which

is originally of supersonic velocity. A detonation, w%en the materiel is Iacated

on or near the surface of the ground, is normally chwacterized by a crater.

3.4 Dividing Wall. A wall designed to prevent, cantrol, or delay propagation

of an explasion between quantities of explosives on opposite sides of the wall.

3.5 Maximum Credible Incident. An incident involving the maimum amount

af ammunition ond explosives~or Odiacent ta an operational shield that will

detanate of deflagrote os a result of the functioning of a single item.

3.6 Operating Building. Any structure, except a magazine, in which operations

pertaining to manufacturing, processing, leading, or assembling of explosives and

ammunition are performed.

3.7 Operational Envi,ranment. Typical environment in which ammunition

survei I I once, main *nance, modification, renovation ~d demi lit~iz~ion

operations, ar ammunition loading awatio~, me perfarmed.

3.8 Operational Shield. A barrier or enclasure consfs-ucted ta protect personnel,

material or equipment horn tke effec.k af a maximum credible incident occurring at

a particular aperation.

2
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3.9 Peak Pcultive Incident’ Pressure (?s0). The pressure acting in the initiol

or incident blast (or shock) wave from on explosion.

3.10 Peek Positive Normal Reflected Pre=ure (Pr). The total pressure whi Ch

results instantaneous 1y ot the iurfoce when a blest (or shock) wave traveling in

one medium strikes another medium.

3.11 Simulated Operational 8ay Enviranmnt. An environment which simulates

on operational bay configuration including dividing WOIIS, frangible front WOII

and ceiling, transient hall, odiacent boy(s), and actual or simulated equipment.

3.12 Simulated Operational Enviranrnent. Test environment which simulates

the worst possible conditions which may be present in an ammunition aperation.

3.13 Simultaneous Detonation. Detonation of separated quantities of explosives

ar ammunition occurring so nearly at the same time (the time in mi Iliseconds is

less than 3.2 times the cube mat of the explosive weight in, pounds for lateral

target positions and less than 4.5 times the cube raot of the explosive weight in

paunds for axial target positions) that the effect on the surroundings is the same

as if the several quantities were not separated ond were detonated en masse.

4. GENERAL REQUIREMENTS

I
4.1 Design. Operational

requirement:

4.1.1 Blast Attenuation.

shields shall be designed to conform ta the fal lowing

(a) Shields, to provide protection from accidental detonation, shall be

designed to prevent exp y of Ope rating personnel ta peak pasitive incident pressures

above 2.3 psi (16 kN/m ) or peak pasitive normal reflected pressure above 5.0 psi

(34 kN\m2).

(b) Shields, to provide protection from intentional detonation of

ammunition, shall be designed to prevent expsasure af operating personnel to

impulse noise levels exceeding 140 decibles.

I
4.1.2 Fragrnentotim canfinemerrt. Shields shall b? designed to;

I
(a) Contain all

requiring protection.

l.)

t%agrnerrtation or

3

direct tkognsentotion away from cress
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(b) Prevent generation

requiring protection.

(c) Prevent mavementj

cauld result in personnel in]ury.

af second~ fragmentation within cweas

overturning, or structural deflections which

4.1.3 Thermal Effeck Atksnuatian.

(a) Shields shall be designed ta limit exposure af persannel to a critical

heat flux value based an the tat.il time af exposure. This value of heat flux is

determined by the fallowing equatian:

.0=
JZS=
t=

heat.

0.62t-0.7423 tier
?!heat flux in cal/cm -see

total time in seconds that a person is exposed to the radiant

(b) All aperating pemonnel shall be Iacated at a distance Fom the thield

that =ures their exposure is less than the flux determined by the above equation.

(c) The upper tarso of an aperatar’s body shall not be subiected to any

visible fire or flame. Flame impingement upon the ,Iawer ~ticm af the body

m~ be permit~d Pravided hat he heat flux specified above is not exceeded.

4.1.4 Asset Protection. Shields shall be designed to provide tiet pratectian

as specified in the fallowing:

(a) Shields designed for intentional detonation. Shields identified i“

this categrxy shall prevent damage ta buildings, equipment and other ~e~

in the areo. Damage preventian is considered adequate if normal operations

are in na. way interrupted ar hindered as a result af any change to the operational

environment caused by explasians occurring with this type of shield, and shield

may be expected to remain aperatianai throughout its intended life cycle as

specified in design crikria. Repetitive testing will normally be required.

(b) Shields designed for accidental explosions. Shields identified in

this category shall be designed pimwily to pravide persannel pratectian fram

a maximum credible inaident at that aperation and may not, in all cases,

prr vide asset prakction.

4

L

r.
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4.2 ~ Prototype operational shields shell be tested by creating a maximum

credible incident in a simuloted operatianol environment, using applicable

test methods to determine compliance with design requirements of this standard.

4.2.1 Maximum Credible Incident. A maximum credible incident shal I be

created by detonating or igniting a test round(s) or item(s), with both the round(s)

or item(s) and the shieid in the operational configuration. Equipment , ar a

reasonable sibilation thereof, which performs the intended function on the

munition shall be used to simulate the operatian. Shields designed for use with

a variety of rounds hoving different explosive attributes shall be tested with

the round(s) wtsich produce most severe effects in each of the fallowing categories:

averpressure or noise, fragmentation, ttsermol and shape charge. Far each

separate test required, the shield and associated equipment should be repaired

to the equivalent of new candition, or a new shield and equipment shol i be used,

except for shields designed for intentional detonations. Additional explosive,

equivalent to 25 percent of the filler in the test round(s), should be added in

)

each test conducted. The 25 percent overcharge shal I be applied in such o

manner as not to diminish the narmal effect and respcmse of the ammunition. If

it can be determined that addition of the safety overcharge would diminish the

;3 normal effect of the ammunition, the shield may be tested without the safety

overcharge, if approved by authorized outhority. All explosive components

should be fused separately ta insure simultoneaus detonation or deflogration,

and thus create the maximum credible potential incident. i

4.2.2 Test Environment.

4.2.2.1 Simulated Operational Environment. Unique shield designs destined
far use at a specitic location shall be tested under conditions that simulate

the known Iacation.

.

1. Shields utilizing baffles, holding devices or other means to prevent propa-
gat~cn ~f ~xp!=;..,e ;:c~: for which the shield provides protection, shall be tested

to determine the effectiveness of the shield design in preventing propagation.

Explasive item used in the test shall correspond to those that can be invalved in

a maxinwm credible incident. (i.e. the item undergoing the operotion and such

other nearby items os may be involwd in propagation of detonation or deflogra-

tion originating at the operation) plus a 25 percent overchrxge ta comperrsote

fm the statistical inadequacy of the testing.

)
5
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8 FT MIN
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❑

“T

!

24 IN. MIN

.
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FIGURE 1. SIMULATED OPERATIONAL BAY ENVIRONMENT
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4.2.2.2 Simuloted Operational BW Environment. Shields designed for use in

an operating cay shall be tested in a simulated operational bay environment

(Fig. 1) which simulates o bay(s) of a typical ammunition operating building.

Far test purposes, the test foci Iity shall include the following:

(a) Three dividing walls forming a “U” shaped bay at least 10 feet

(3.05 meters), and na more than 15 feet (4.57 meters), wide at the opening,

and at least 12 feet (3.66 meters), and no more than 22 feet (6.71 meters),

from the open end to the back wall. Each side wall should have an opening

ot least 24 inches (0.61 metem) x 24 inches (0.61 meters), 24 inches (0.61

meters) above the floar within 24 inches (O .61 meters) of the back, to simulate

canveyor openings between bays.

(b) A hall or aisle acrass the front apening of “U” shaped bay, at least

6 feet (1 .S3 meters), and no more than 10 feet (3.05 meters), wide.

(c) A “U” shaped bay of similar size shall be attached ta the test bay,
‘\
)

to simulate adiacent bays in an operating building.

\<
(d) A frangible front wall and ceiling (roaf) attached ta a waad or steel

frame. Other equipment that can be identified os necessary to the aperation

shall be located in the bay at the time of the test. This equipment can be of

a simulated nature, if appraved by authorized authority.

4.2.3 Test Methads. Shie Ids shal I be tested as required ta assure conformance

with design requirements, using methods detailed in Section 5 of this standard.

Tests may be made in any sequence ar cambinatian which will result in the

most efficient accomplishment of the test objectives.

4.3 Documentation.

4.3.1 Test Plan. A test plan shall be prepared by tfre testing activity prior

to performing test and submitted for review and appraval os specified. The

test plan shall include, os a minimum:

(a) Statement af purpose, including pertinent background information.

(b) Outline of the abiectives ta be achieved by the test. This section

will include a descriptiarr of the aperatiarsal shield to be tested, the criteria

j

governing the design and the operatianrsl use of the shield.

7

Downloaded from http://www.everyspec.com



\

MI L-STD-398

5 NOV 76

(c) Procedure to be used to och”ieve test ob:iectives, layout of equipment,

location ond purpose of instrumenfafi’on, ‘listing of dato to be recorded during

the test, arsd any special considerations.

(d) Method to be used to interpret test data and observations to evaluate

operational shield design.

4.3.2 Test Repart. A report dowrsenting fihe design and testing of each shield

shal I be prepared and subm”tid as specified. phe, ,tesf repart shal I be used as

a basis for evaluating the operational shield design and shall include as a minimum:

(a)

shield.

(b)

Drawings showing design and construction detai Is af the aperatianal

An equipment manual giving instructions far set up, operation, and

maintenance of the operational shield, inclwding a description of the shield’s

relationship to any allied equipment.

(c) A complete repart af test of prototype shield, including test set up,

test pracedure, test resulk, and analysis af test resulk.

(d) Sti II camera color pictures of operational shield befare and after

test, including any pictures needed ta illustrate and clarify the set up,

discussion, conclusions and recammendatians sections of the test report.

(e) High speed motian picture camera caver,age taken of each test with

at least one camera. Additional cameras or multiple tests with camera(s)

at different Iacations wi I I be used ta provide required coverage. Cameras

shal I retard event on calor fi Im at a speed of at least 400 frames (pictures) per

second.

5. TEST METHODS

5.1 Standard procedures for testing and evaluating aperatianal shields ta

assure compliance with applicable design criteria me specified in the fallawing

individual test methads. In arder fw a shield ta be acceptable, the shield

shr ‘1 be tested with the munition for which it was designed under enviran-

mers*nl conditions simulating the actual operation and shal I have successful Iy

met the criteria in test methads 101 as 102. 201, and 301.

8
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METHOD 101

BLAST OVERPRESSURE MEASUREMENT

1. PURPOSE

1.1 Measurement of blast overpressure is conducted to insure that peponnel

are not ex sed to peak positive incident overpressures greater that 2,3 psi
r(16 kN/m ), when the operational shield is subiected to a maximum credible

incident.

1.2 AII acceptable alternative to measuring peak positive incident

overpressure is to measure peak positive normal reflected overpressure.

Personnel shal I not be exposed to maximum positive normal reflected over-

pressure greater that 5.0 pi (34 kN/m2), when the operational shield is

)

subiected to a maximum credible incident.

‘. 2. DESCRIPTION OF TEST

m 2.1 A maximum credible incident is created with the operational shield.

Blost pressure gages are used to meawre blast averpressures.

3. CCITERIA FOR PASSING TEST

3. I The operational shield shall be considered acceptable if it can be deter-

mined from a pressure-distance plot af test date, that personnel wil I not be

exposed to peak pcaitive incident overpressures above 2.3 psi (16 kN/m~

or peak pasitive normal reflected overpressure abave 5.0 psi (34 kN/m2).

4. INSTRUMENTATION

4. I Blast pressure gages and electronic recording system. Based on the equivalent

test chcwge weight af explosives and anticipated peak overpressure, the irsstru-

mentation system shall have the necessary respanse time and bandwidth ta

acquire data. Instrumentation shall be calibrated in accordance with current

procedures in TB 43- 18D, Calibration Requirements for the Maintenance of

Army Materiel.

METHOD 101

)
1
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5. TEST PROCEDURE

5.1 Location of blast gages.

5.1.1 When the shield is tested in o simulated operational bay environnsent,

overpressure reodings shal I be token at the following Iacations:

(o) At the center c# Woboble head Iocotians of ooch operator.

For stonding locations the gages shci~!’~ positioned 65 inches ( 1.65 meters)

above the floor; far sitting locdions it sha!l be 31.5 inches (0.80 meters)

above the seat.

(b) At re~esentotive pasitians v&ere transient pemonnel may be

located. 2

5. 1.2 When testing is canducted in the apen air, pasition blast gages

araund the shield in two or three ccmcemtric circ!es at distances where it

is expected that averpressures of interest wi I I be found. Stagger the gages

sa shock waves reaching the auter circles are nat distarted by gages in the

inner circle. The gages shall be placed at c height af 65 inces (1 .65 meter=.).

5.2 Test pracedure.

5.2.1 All instrumentation shall be within calibration at time of test.

5.2.2 If the shield is designed for use with more than one model or type of

ammunition, select the item that wauld praduce a maximum averpressure.

5.2.3 Apply an o.erlaad equal ta 25 percent or nsare OF the filler weight of

the ammunition item seiecred ior the iesi, uniess oiherwise ciirecieci in 011

appraved test plan.

5.2.4 Al I maior explosive compnenk shauld be fused separately, to insure

~. Gage lacations shall be co designated by

plan and approved by authorized. autharity.

2

L
the design activity in the test
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simultaneous detonation or deflogrotion, in order to simulate the maximum

credible incident, uniess otherwise directed in an approved test plan.

5.2.5 Function explosives ond retard overpressure readings.

5.2.6 Prepare pressure-distance ploh fram over~essure recordings.

3

\\
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METHOD 102

IMPULSE NOISE LEVEL MEASUREMENT

1. PURPOSE

1.1 Impulse noise level measurement is conducted to insure thot perscmnel

ore not exposed to a sound pressure level greater than 140 decibels during

1

operations requiring the intentional detonation of ammunition item(s) with

an operational shield.

I 2. DESCRIPTION OF TEST

~

2.1 A nrcmimum credible incident is created with the operotionol shield.

Sound level meters are I.@ to measure sound pressure levels.

3. CRITERIA FOR PASSING TEST

I

‘) 3.1 The operational shield shell be considered acceptable if it cam ~

‘. determined from naise level readings that personnel wil I not be expased to

overpressures greeter than 140 decibels.
~\

4. INSTRUMENTATION

4.1 All instrumerrtotion shall meet requirements of MIL-STD- 1474.

5. TEST PROCEDURE

5.1 Location of microphones. -

5.1.1 When the shield is tested in a simulated operational bay environment,

naise level reodings shall be taken at *e fallowing Iacotians:

METHOD 102

\3
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(a) At’ the center of proboble head locations of each operator.

For stonding locations the microphones iholl be positioned 65 inches (1.65 meters)

above the flaor; for sitting locations it shall be 31.5 inches (0.60 meters)

obove the seat.

(b) At representative pasitians where transient personnel may be

locoted.3

5.2 Test procedure.

5.2.1 All instrumentation shall be within calibration at time of test.

5.2.2 If the shield is designed for use with more than one madel or type of

ammunition, select the item for moximum noise level.

5.2.3 Apply an overload equal to 25 percent or more of the filler weight

of the ammunition selected for the test, unles otherwise directed in cm

approved test plan.

5.2.4 All maior explosive components should be fused separately, to insure

simultaneous detonation ar deflagraiion, in order ta simulate the mmimum

credible incident, unless atherwise directed in an appraved test plan.

5.2.5 Function explosives and record naise level readings.

3 . Microphone locations shall be as designated by the design activity in

the test plan and appraved by authorized authority.

2
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METHOD 201

FRAGMENT RETENTION

1. PURPOSE

TEST

1.1 Fragment testing is conducted fa verify htt a prototype operational

shield will:

(o) Contoin 011 fragmentation or direct frogrnentation away horn areas

requiring prafection.

(b) Prevent generation of secondary fiagmentofion within are=

requiring protection.

(c) Prevent movement, overturning, or structural deflections which

could result in psonnel iniwry.

“)
2. DESCRIPTION OF TEST

2.1 A maximum credible incident is created to ist the operotionol shield.

3. CRITERIA FOR PASSING TEST

3.1 The operotionol shield shall:

(o) Contain al I fragmentation or direct fragmentation away from arsas

requiring prafection.

(b) Prevent generation of secondtxy fragmentation within mear

requiring protection.

(c) Prevent movement, overturning, or structural deflections which

cau Id resu [f in personne I in @y.

4. TEST EQUIPMENT

4.1 Still picture crmsera equipment.

METHOD 201

.)

\5
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5. TEST PROCEDURE

5.1 Fragment retention test.

5.1.1 If the shield is designed f~ @ with .!rmre th~ ane ~ei - type of

ammunition, select that item which wi”ll have the greatest potential fragmen-

tation or shape charge effect. Equipment, or a reasonable simulation thereaf,

which perform the intended function on the ammunition, shall be positioned

ta generate secandcry fragments.

5.1.2 Apply an overlaad equal to 25 percent or more of the filler weight

of the ammunition selected far the fest, wrdess at.herwise directed in an

approved test PI an.

5.1.3 All major explosive components should be fused separately, to insure

simul taneaus detonation or deflagration, in *der fa simulate the maximum

credible potential incident, unless otherwise directed in an approved test plan.

5. 1,4 Functian explosives.

5.2 Past-test procedure.

5.2.1 Examine the interiar and exterior of the shield for evidence aF Fragmenk.

Photograph the shield to dacument test results.

5.2.2 Examine shield for movement, overturning, or structural deflections

which could have resulted in pemonnel injury.

5.2.3 Shields designed far intentional detonation shall be examined far

damage and an estimate made as ta ability af the shield ta remain operational

as specified in the design criteria.

Downloaded from http://www.everyspec.com
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1. PURPOSE

~T~QD ?01

HEAT FLUX MEASUREMENT

1.1 Heat flux measurement is conduc~d to insure that personnel me @

exposed to a maximum radiont heat flux as determined in the equation given

in paragraph 4, 1.3 of this st~drxd.

2. DESCRIPTION OF TEST

2.1 A maximum credible incident is created. Heat flux transducers me used

to measure rodiant heat flux.

3. CRITERIA FOR PASSING TEST

3. I The operational shield shal I be considered acceptable if it can be deter-

“) mined, from heot flux-distanm and heat flux-time plots of test dots, that

personnel will nat be exposed to a rodiant heat flux rating exceeding the

formula in psragraph 4.1.3 Of this standard.

4. INSTRUMENTATION

4. I Heat flux transducers and electronic recording system. Based on the

thermal flux expected at the location af the tronsducem, the instrumentation

swtem shal I have the necessary response time and bandwidth to acquire
data. Instrumentation shall be calibrated in accordance with current pr-

ocedures in TB 43-1 BO, Calibration Requirements far the Maintenance af

Army Materiel.

5. TEST PROCEDURE .

5. I Lac6tion of transducers.

5.1. I When the shield is tested in a simulated aperotiaisal bay environment,

heat flux readings shall be taken at the fol lowing locations:

METHOD 301

)

1

\-l
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(a) At the center of probchle head Iocotion of each aperator. For

standing Iacatio.s the transducers shaf’1 be positioned 65 inches ( ~ .65 meters)

abave the floor; far sitting Iacotion “it shall be 31.5 inches’ (O. 80 meters) above

the seot.

(b) At representative positions wkere transient persannel maybe

lacoted.4

5.1.2 In o free field test, flux value: af vcmious dist rrces fro the paint of
?!_ ‘??

detonation can be estimated. by ttre relationship O Id ] - 02d2 , where

@ = heat flux in cal/cm2-sec.

d = idstance fram point af detonqtian.

5.2 Test procedure.

5.2.1 All instrumentation shall be within calibration at time af test.

5.2.2 If the shield is designed far use with mare than one madel ar type of

ammunition, select the item b the greafest heat flux.

5.2.3 Apply an averlaod equal to 25 percent or mare af the filler weight

af the ammunition selected far the test, unles otherwise directed in cm

appraved test plan.

5.2.4 All maiar explasive campanenk shaold be fused separately, to insure

simultaneous detonation ar defksgr~tion, in order to simulate the maximum

credible incident, unless athenvise directed in an appraved test plcm.

5.2.5 Functian explosives and recwd radiant flux readings.

5.2.6 Prepme heat flux-distance and heat flux-time plok from radiant

heat flux recordings.

. Transducer Iacatians shal I be as designated by Ae design activity in

the test plan and appra.ed by athorized authity.

2
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)

custodian:

&my - PA

Review activities:

Army - PA

User activities:

Navy - OS

Preparing activity:

&rny - PA

Proiect number -4925-0027

9
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