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SUI4IARY

The safe separation distance testing program for 4.5
kilogram (10 pound) quantities of explosive composition A5
contained in open rubber buckets was requested by the Project
Manager for Munition Production Base t’bderni zation and Expansion ,
specifically in support of the Milan AAP and Bl ue Grass AD.
After a review of LAP (Load-Assem ble-Pack) conditions , it was
decided to reduce the quantities of explosive composition A5 In
the open rubber buckets from 11.2 kilogr~ns (25 pounds) to 4.5kilograms (10 pounds) as the lower quantity was nore compatible
wi th the bucket delivery system and the loadi ng press arrange-
ment. A program to determine the minimum nonpropagatlon safe
separation distance was drafted by ARRAOCOM , reviewed by the
appropriate Army safety organizations , and performed by the
ARRA DCOM Resident Operations Office located at NSTL Station,
Mississippi during the fall of 1977. The tests performed under
the auspicies of this program simulated the actual in-plant
LAP operational conditions .

The safe separation distance test progran was conducted
in two di stinct phases , an exploratory phase during whi ch the
probable minimum safe separation distance was determined by
trial and error in spacing of the donor and acceptor buckets,
and a confi rmatory test phase where a sufficient quantity of
repetitive testing was accomplished to statistical ly establish
the probability of nonpropagation of an explosive incident.

The confi rmatory test phase established the minimum safe
spacing for open rubber buckets containing 4.5 kilograms (10
pounds) of explos ive composition A5 as 1.83 met res (6 feet) with
an upper limit of 5.4 percent probability at a 95 percent confi-
dence level of propagation occurrence.

1
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INTRO DUCT ION

Background

The determination of the minimum nonpropagative distance
for open rubber buckets contaIning 4.5 k I lo grams (1 0 pounds ) of
explosive composition A5 is part of a continui ng Army-wide pro-
gram, presently in progress to upgrade existing installations
and to develop design criteria for new explosive-manufacturi ng
and LAP (Load, Assentle and Pack) faciliti es. This effort was
undertaken in order that the U.S. Army coul d achieve Increased
production cost effectiveness through improved loadi ng plant
safe ty, as wel l as provide necessary design data for inanufactur-
ing facili ties technolo gy for new, improved and/or renovated
weaponry. As an Integral part of this overal l facilities
modernization program, the Manufacturing Technology Di vision ,
Large Caliber Weapon Systems Laborato ry, ARRA DCOM , Dover, New
Jersey, is engaged in the continuous development of safety
cri teria as an activity entitled “Sa fety Engi neering in Support
of Aninunition Plants”, which incl udes the safe separation dis-
tance studies of munition end items as wel l as in-process
explosive materials. These developed cri teri a will be utilized
in the modernization of explosive and munition production
facilities and will be available for reference purposes to
pri vately owned and operated (POPO) plants engaged in ordnance
manufacturing operations .

The present LAP facility at the Milan Army Aninunitlon
Plan t, Mi l an , Tennessee , was examined In order to determine the
necessity of providing safe separation distance Information and
nonpropagation test data, at the request of the Project
Manager for Munition Production Base Modernization and Expansion .
Accordingly, a test program was conducted utilizing open
aluminum buckets containing 6.8 ki lograms (15 pounds) of explo-
sive composition A5; however, the confi rmed safe separation dis-
tance of 6.1 metres (20 feet) was not compatible with normal
conveyor bel t sys tem speeds , and not conduci ve to safe work
conditions. Therefore, a second safe separa tion d istance study
program was initiated , using open rubber buckets in lieu of the
aluminum ones , on the theory that the reduced fra~nentat ion
(rubber versus aluminum) would shorten the necessary non-
propagation distance. The quantity of explosive composition A5
was also reduced to 4.5 Kilograms (10 pounds) at the request of
the manufacturing facility .

2



~~~pose and Objective

The purpose of this safe separation distance testing pro-
gram is to provide existing and future explosive ordnance load-
ing and manufacturing plants with viable nonpropagation safe
spacing crIteria for the transportation of bulk quantities (4.5
kilogram/lU pound increments) of explosive composition A5 in
open rubber buc kets, located on conveyor belt systems, between
LAP operations.

The objectives of this test program are twofold: First, to
determine through a series of trial-and—erro r tests (exploratory
test phase) , the minimum nonpropagative safe separation dis-
tance for loose 4. 5 ki logram ( 10 pound) quantit ies of explos i ve
composition A5 contained in open rubber buckets. Second , to
conduct an adequate number of repetitive tests (confirmatory
test phase), at the previously established non-propagative safe
separation distance to provide statistically valid test data .

Criteria for Tests

The testing was conducted in such a manner as to as
accurately as possible simulate the actual loading plant
f a c i l i t i e s  and conditions of operation , with the only accepta ble
criteria for determining the safe separation distance being the
nonpropagation of the donor unit detonation to the acceptor
units . Al so it should be noted that all safe separation dis-
tances shown were measured centerl ine-to-centerline between
the open rubber buckets.

a
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TEST CONFIG URATION

General

The safe separation distance tests on the open rubber
buckets containing 4.5 kIlograms (10 pounds) of expl osive compo-
sition A5 were initiated during Septenter 1977 and completed by
Noventer 1977. The tests were conducted by the ARRADCOM
Resi dent Operations Office at the National Space Technology
Laboratories , NSTL Station , Mississippi . The two phases of the
test program, exploratory and confi rmato ry , were acco mplished in
order to fi rmly establish the minim um nonpropagati ve di stance
between the open rubber buckets .

Test Specimen

Each test specimen utilized consisted of 4.5 kilograms
(lU pounds ) of explosive composition A5 , bul k , type I, contained
In an open top rubber bucket.

The explos ive composition AS , type I consisted of RDX type
A or B, complying wi th the requi rements of specification
M1L-R-398, a minimum of 98.5 percent to a maximum of 99.0 per-
cent by wei ght, and Steari c Acid, complying with the requi re-
ments of Specification MIL-S-271 , a minimum of 1 .0 percent to a
maximu m of 1.5 percent by wei ght . Its granulat ion was a mi n i mum
of 99.0 percent through a U.S. Standard Sieve No. 12 and a
maximum of 2.0 percent through a U.S. Standard Sieve No. 200.

The open-top rubber bucket (figure 1) as supp l ied  for
this test program by the Iowa AAP , Burlington , Iowa was 34.0
centimeters (13.3 inches ) in height , w~th an upper diameter of
24. 0 centimeters (9.5 inches ) and a lower diameter of 18.3
centimeters (7.2 inches). It was cus tom made from layers of
canvas covered with conductive rubber, and has a 67.0 centimeter
(26.4 inch ) long rubberi zed canvas handle attached to the bucket
by copper rivets which are rubber covered at final assent ly .
The bucket is supplied with a conductive rubber top 25.5 centi-
meters (10.0 inches) in diameter wi th a 5.8 centImeter (2.3
inch) lip.

Test Arran~~ments

The fi rst test seri es , the exploratory testing phase,
utilized the basic test set-up as shown in Figure 2; however,
the distances between open rubber buckets containing 4.5 kilo-
grams (10 pounds) of explosive composition A5 was varied. 

The4



test series , using a donor unit positioned between two acceptor
units , was conducted within a simulated conveyor ramp. It was
originally planned to conduct fifteen of these exploratory
tests ; however, after the fourth test , the preliminary non-
propagation distance had been satisfacto ri ly established .

Following the exploratory test phase , a series of 25 con-
fi rmatory tests were conducted. Each confi rmatory test was con-
sidered as a double test, since each dono r initiated exposed
two acceptors to the detonation envi ronments, thus yielding two
data points per test firing.

All  of the tests, exploratory and confi rmatory, were con-
ducted within the confines of a simulated ramp or tunnel
(figure 2). The tunnel was 3.65 metres (12 feet) wi de by 3.65
metres (12 feet) high and long enough to position all three
buckets (one donor and two acceptors) wi thin its confines . The
tunnel was made from wooden support beams (2 Inc hes x 4 inches)
with frangible corrugated fiberglass panels attached to the
beams on the long sides and the roof (figure 3). The rubber
buckets containing 4.5 kilograms (10 pounds ) of explosive compo-
sition A5 were suspended from a simulated conveyor at a height
of 3.25 metres (10.7 feet) above the ground and 0.31 metre
(1 foot) from the front wall . The conveyor was simulated by
using a 1 by 6 inch pine board (figures £4 and 5).

The donor bucket was initiated to a high order explosive
detonation, ~n eac h case , by utilizing a J2 special detonator
and a 0.045 Ki l ogram (0.1 pound) charge of ex plosive composition
C4.

S
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TEST RE SULTS

Genera l

The safe separation distance studies of 4.5 kilogram
(10 pound) quantities of explosive composition A5 in rubber
buckets is divided into two (2) phases , explorato ry testing and
confi rmatory testing, the results of which are described in
detail below . Figures 6 and 7 are area and close-up views ,
respectively, of the post test results .

Exploratory Test Phase

This phase of the safe separation distance study contained
seven (7) exploratory test detonations utilizing thc ~~~~~~ donor!
two acceptor technique , thus producing fourteen (14) cutca

• points . The test data is presented in table I , test numbers 1
to 7 inclusive . The separation distances , between doflor and
acceptors , ranged from a minimum of 0.61 metre (2 feet) to a
maximum of 3.66 metres (12 feet), wi th high order detonations
being experienced at distances of 1.52 metres (5 feet) and below .
At distances of 1.83 metres (6 feet) and above , no propagations
of the donor detonation occurred, and only burning of the conpo-
sition was observed. Therefore a distance of 1 .83 metres
(6 feet) was selec ted as the minimum nonpropagative safe
separation distance for the exploratory test phase.

Con fi rmatory Tes t Phase

This phase of the safe separation distance study contained
twenty fi ve (25) confimatory test detonations , again utilizing
the one donor/two acceptor technique , thus producing fifty (50)
data points for analysis. The basic test data is presented in
table I , test numbers 8 to 32 inclus i ve , with all tests being
conducted at a safe separation distance of 1.83 metres (6 feet)
between the donor and acceptor buckets of explosive composition
A5 . While no propagation of the high order detonation of the
donor unit to the acceptor units occurred during the confi rmatory
test phase, more than half of the acceptor buckets experienced
compl ete or partial burning of the explosive composition AS.
And where percent recovered is noted in table I , it represents
that amount of composition A5 still in the buckets ; no attempt
was made to salvage any spilled explosive compositions

.6



Suninary of Tes t Resul ts
• 

• While more than 50 percent of the acceptor units experi-
ienced complete or partial burning of the explosive composition
A5 during the confi rmatory test phase, the confi rmatory tes t
results showed that the established safe clear separation dis-
tance for rubber buckets is 1.83 metres (6 feet).

Analysis of Test Results

Variations in manufacturing tolerances , materials , wea r,
etc., require that statistical reasoning be emp loyed in the
comparative interpretation of the test data. The actual
probability of the propagation of an explosive incident is a
func tion of the number of propagative occurrences in the
individual test series and the number of tests conducted. The• confirmatory test resul ts for open rubber buckets containing
4.5 kilograms (10 pounds) of explosive composition A5 produce
a probability of detonation of an acceptor bucket by a donor
detonation of 6.8 percent at a confidence level of 95 percent.

These val ues are equi valent to stating that in a large
number of tes ts, 95 out of 100 tImes, the probability of the
propagation of an explosive incident will be less than or equal
to the stated value of 6.8 percent. This value indicates the
quality of the tests and the reliance that can be placed upon
the concl usions drawn from the testing.

7
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CONCLUSIONS

A sufficient ly large sample of open rubber buckets con-
tainIng 4.5 kilograms (10 pounds) of explosive composition A5
was utilized to conclusively determine the minim um nonpropaga-
tion safe separation distance between adjacent buckets on trans-• fer lines wi thin and between LAP facility operations . The
minimum safe spacing for the buckets positioned on an overhead
conveyor system was established at 1.83 metres (6 feet ) as a
result of an upper limi t of 6.8 percent probability of propaga-
tion at the 95 percent confidence leve l as based upon 52 test• obse rvations .

N
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TABLE 1

SAFE SEPARATION DISTANCE TESTS
10 POUNDS OF COMP. A5 IN RUBBER BUCKETS

Test Separati on
No. Metre (Feet ) Remarks

1 2.44 ( 8)L NDP, composition completely burned• 3.66 (l2)R NDP, no burning

2 1.22 ( 4)L NDP, no burning
1.83 ( 6)R NDP, no burning

3 0.61 ( 2)L HOD
1.22 ( 4)R NDP, bucket broken up, no burning

4 0.61 ( 2)L HOD
1.22 ( 4)R NDP, bucket broken up, no burn ing

U 5 0.91 C 3)L HOD
0.91 ( 3)R HOD

6 1.22 ( 4)L HOD
1.22 ( 4)R HOD

7 1.52 ( 5)L HOD
• 1.83 ( 6)R NDP, no burning

8 1.83 ( 6)L NDP, no burning, 20% recovered• 1.83 ( 6 )R NDP , no burning, 35% recovered

9 1.83 ( 6)L NDP , complete composition burning
1.83 ( 6)R NDP , no burning, 25% recovered

10 1.83 ( 6)L NDP, no burning
1.83 C 6)R NDP, 10% burned up

11 1.83 ( 6)L NDP, no burnIn g, 55% recovered
1.83 ( 6)R NDP, 50% burned up

12 1.83 ( 6)L NDP, complete composition burning
1.83 ( 6)R NDP, conp1~~.e composition burning

13 1.83 ( 6)L NDP, complete composition burning
1.83 ( 6)R NEW, complete composition burning

9
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Test Separation
No. Metre (Feet) Remarks

14 1.83 ( 6)1 NDP, no burnIng, 10% recove red
1.83 ( 6)R NDP, complete composition burning

15 1.83 ( 6)1 NEW, complete composition burning
1.83 ( 6)R NDP, complete composition burning

16 1.83 ( 6)1 NDP, no burning, 30% recovered
1.83 ( 6)R NDP, no burning, 20% recovered

17 1.83 ( 6)1 NDP, complete composition burning
1.83 ( 6)R NDP, complete composition burning

18 1.83 ( 6)L NDP, complete composition burning
1.83 ( 6)R NDP, complete composition burning

19 1.83 ( 6)L NDP, no burning, 45% recovered
1.83 ( 6)R NDP , complete composi tion burning

20 1.83 ( 6)L NDP, no burning, 30% recovered
1.83 ( 6)R NEW , no burning, 50% recovered

21 1.83 ( 6)1 NDP, complete composition burning
1.83 ( 6)R NDP, no burning, 25% recovered

22 1.83 ( 6)1 NDP, no burning, 17% recovered
1.83 ( 6)R NDP, no burning, 25% recovered

23 1.83 ( 6)1. NDP, no burning , 20% recovered
1.83 ( 6)R NDP, no burning, 11% recovered

24 1.83 ( 6)1 NDP, no burning, 40% recovered
1.83 ( 6)R NDP, no burning, 75% recovered

25 1.83 ( 6)L NDP, complete composition burning
1.83 ( 6)R NDP, complete composition burning

26 1.83 ( 6)L NDP, complete composition burn ing
1.83 ( 6)R NDP , complete composition burning

27 1.83 ( 6)1 NDP, complete composition burning
1.83 ( 6)R NDP, no burning , 50% recovered

28 1.83 ( 6)1 NDP, complete composit ion burning
1.83 ( 6)R NDP, no burnIng, 15% recovered

L________ 10
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Test Separation
No. Metre (Feet) Remarks

29 1.83 ( 6)1 NDP, complete composition burning
1.83 ( 6)R NDP , complete composition burning

30 1.83 ( 6)1 NDP, complete composition burning
1.83 C 6)R NDP , no burning, 28% recovered

31 1.83 ( 6)1 NDP, complete composition burning
1.83 C 6)R NDP, complete composition burning

32 1.83 ( 6)1 NDP, complete composition burning
1.83 ( 6)R NDP, complete composition burning

Terms:

L - left acceptor
R - right acceptor
NDP — no detonation propagation from donor to accepto r
HOD - high order detonation of acceptor
% recovered - amount of composition A5 still in rubber

bucket at post test survey of site.

11



I
a% D I A .

L I O D I A .

9~1~
’ DIA.

DIA.  

— -

p MAT L: CANVA S COVERED
CONDUCTIVE

I RUBBER

INCHES MET1~RS 
I

2 5.08
2 1/4 5.72
6 5/8 16.83
7 1/~ 18.42
8 1/2 21.59
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10 25.40
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Fig. 1 - Rubber transfer bucket
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APPENDIX

STATISTICAL EVALUATION OF EXPLOSION PROPAGATION

Stat istical Theory

Attempt has been made in the main body of this report to
evaluate the possibility of the occurrence of explosion propaga-
tion based upon a statistical analysis of the test results.
This section of the report is devoted to mathematical means by
which the statistical analysis was performed.

The probability of the occurrence of an explosion propaga-
tion is dependent upon the degree of certainty or confidence
level involved and has upper and lower limi ts. The lower limit
for all confidence level s is ze ro; whereas the upper limi t is a
function of the number of observations or , in this  pa r t i cu la r
case, the number of acceptor items tested. Since each observa-
tion is independent of the others and each observation has a
constant probability of a reaction occurrence (explosion
propagation), the number of reactions (x) in a gi ven number of
observations (n) will have a binomial distribution . Therefore,
the estimate of the probability (p) of a reaction occurrence can
be represented mathematically by:

• p = x J n  Eq. 1

and , there fore , the expected value of (x) Is gi ven by:

E(x) = np Eq. 2

Each confi dence level will have a specific upper limi t (P2 )
depending upon the number of observations involved. The upper
probability limit for a given confi dence level cz, when a
reaction Is not observed, is exp ressed as:

(1 — p 2) = c  Eq. 3

where c = (1 - cz)/2 and cz < 1.0 Eq. 4

Use of Equation 3 is illustrated in the followi ng ex~np Ie :

Example

Determine the upper probability limi t of the occurrence of
an expl osion propagation for a confidence level of 95 percent -

based upon 30 observations wi thout a reaction occurrence.

j 
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GI ven

Number of Observations (n) — 30
Confi dence level (cx )  95 percent

Solution

1. Substitute the gi ven val ue of (cx ) into Equation 4 and
solve for ~:

= (1 - cx)/2 . (1 - 0.95)/2 0.025

2. Substitute the given value of (n) and value of (€) Into
Equation 3 and solve for p2:

£ = 0.025 (1 - p2 )3O

or

= 0.116 (11.6 percent)

Concl usions

For a 95 percent confi dence level and 30 observations, the• true value of the probability of explosion propagation will fall
between zero and 0.116; or statistically, it can be interpreted
that In 30 observations, a maximum of 3.48 (0.116 x 30) observa-
t ions could result in a reaction for a 95 pe rcent confi dencelevel .

Probability Table

Tab le A-l shows the probability limits and the range of theexpected value E(x) for di fferent numbers of observations .Three confi dence limits , 90, 95 and 99 percent , are used toderive the probabilities .
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