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SUMMARY

The Picatinny and Milan developmental melt-pour processes were
analyzed (as requested by DF from AMSAR-MT, Appendix A) to determine
their suitability as alternatives to the current melt-kettle method
of cast-loading explosive fills, This analysis assumed replacement of
the current process with these proposed processes and compared estimates
of the fatalities, disabling injuries, and property damage that might
occur in the event of an explosion in the melt-pour building. The
safety potential of each type of process was the only factor that
could be evaluated because no significant differences between proposed
and current processes could be determined for production capabilities
and operational costs.

The safety parameter was taken as a function of the Mean-Time-
Between-Explosions (MIBE) individually for each process at each location.
There was only a minimal chance of reducing potential fatalities,
disabling injuries, and property damage by replacing the current
melt-pour facilities with either the Picatinny or Milan processes.

The chance of achieving this reduction was directly contingent upon
the probability of an explosion occurring in the melt-pour process
and the expectation of this happening was highly improbable for the
wide range of Mean-Time-Between-Explosions (MIBE's of 10, 50 and 100
years) used in this evaluation.

There was statistically no chance of achieving a favorable savings
investment ratio unless a current process with a very low MIBE was y
replaced by the Milan system, The Milan developmental process has a lower p
replacement cost potential than the larger and more expensive Picatinny ]
process,

. &l

3 Next page is blank.
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STATEMENT OF PROBLEM

The proposed Picatinny continuous and Milan "Minute Melter"
melt-pour processes were examined to determine their suitability as
alternatives to the current method of cast-loading explosive fills,

Consideration was given to the following:

®  Current state of development of the new processes,

® Potential of the new processes for melt-loading various types
of explosive fills (Composition B, TNT, and AMATEX).

® Identification of the Load, Assemble, and Pack (LAP) facilities
and the munitions for which the new processes would be most
beneficial.

® Probable operating costs for the new processes.

® Potential safety advantages of the new melt-pour processes.

BACKGROUND

The cast-loading of explosive fills in ammunition items is now
accomplished by basically manual operations involving large numbers
of personnel and large amounts of in-process explosive. The present
facilities were designed and built in the early 1940's, and it is
planned to modernize them with a new generation of material handling
equipment and automatic, remotely-controlled melt-pour units.

Currently, the melt-pouring of the explosive fills is donc in
large three-story melt-towers whose melt kettles may be batch-»rocessing
15,000 or more pounds of explosive. This operation may employ,
depending on the item being loaded, as many as two to three dozen
workers within the melt-tower and attached cooling bays.

Mgt s ot

Two developmental melt-pour processes have been proposed as
potential replacements for the current melt-kettle technique: (1) a
continuous 'porcupine’ type melt system developed by Picatinny Arscnal,
and (2) a rapid batch-type "Minute Melter' system developed at the
Milan Army Ammunition Plant (AAP). Both systems are designed to be
operated with significantly lower quantities of in-process explosive
and will be automatically operated from a remote control center in

order to eliminate personnel from the most dangerous part of the
melt-pour operation.
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ALTERNATIVES

The present melt-pour process uses large steam-heated grids and
150- or 300-gallon Dopp kettles to melt large batches of explosives.
It is basically a manual operation, using 10 to 20 or more personnel,
In the melt-towers explosive allowances range, depending on the
production rate and the item being loaded, from 3000 to 30,000 or
more pounds, Large quantities of in-process explosive are necessary
in this system because the Dopp kettles are highly inefficient

melters - having a very small heat transfer surface with respect
to their volume,

The Picatinny Arsenal process will use indirect steam to melt and
pour explosive in a continuous, rather than batch-type, manner. This
system will be completely automated and remotely controlled in order
to eliminate workers and decrease the safety hazards. As designed
for use in the new 105mm LAP complex proposed for line E at the Lone
Star AAP, this process will have a production capability of 9000
pounds of explosive per hour and an in-process limit of 2500 pounds :
for the melting unit. The distinguishing characteristics of this i

P OL i eV O )

- : system are: (1) a continuous-type melting unit whose steam-heated
? "porcupine' agitator has a greater surface area than the vessel's
i steam-heated jacket, (2) a heated piping system which pumps the

melted explosive from the bottom of the melter to the separately

_ located volumetric pouring unit, and (3) a separate melter for the
E riser scrap.

The Milan "Minute Melter" system will be an automated, remotely- 5
controlled, batch-type process using direct saturated steam to
rapidly melt small amounts of explosive. Developed to handle the |
smaller items loaded at the Milan AAP, this process was initially
designed to have a production rate of 60 pounds of explosive per
minute or 3600 pounds per hour. A complete 'Minute Melter' module
consists of one melting drum and two separate conditioning drums,
; The function of the conditioners is to remove the condensate and ;
1 prepare the explosive for pouring; two of these units are needed
because their cycle time is twice as long as the melting cycle.
Because this system handles small batches very rapidly, the amount
of in-process explosive (about 200 pounds or less) and the associated
quantity-distances are very small. This process is now being
installed in line C at Milan. A separate melter is not required
for the riser scrap.

b o b w2

Figures 1 through 3 are flow diagrams showing the relationship of
these alternative processes within a typical melt-pour LAP line.




MY

E

dMiiais

et it o st aidebel

dIHS
3 dvd
ERSTENN

HSINIA

§S2201d ANOg-3TSW IUd1an) YiTM sur deq °*1 2an81g

27339 3IT°W
03 Jjuag pue

PoTINd sS193sTY

- | AV4-X

L4
-

1002

AINO L
404 @3S
JRETE
A
v "
ERITED AT
wol | <793 | | 73 | €

t-~—-NOILVY3d0 YN0d-113W -~

AT YRS

JA1S0TdX3
ANg




Chanint an b Ll itk oy

dIHS
3 Jvd

ELLTENN

T

$s900ag Inod-3T9W Luurledsrgd yarMm =url deql °z aandtg

HSINI4

-«

sdeay uorjeuolsq yitm paddinbg
wa3sks Surdrg poiesy ySnoayl 3tup
8utanog 03 padung aATsoTdXF Pa3IToK

s

10

IA3JITSH O3 MHoeqg wa0og Ua3TOW ]
10 9}eTd UI poToLooy SIISTYw—=———— - m
v v
oy HEINE LEINE | JAIS01dX3
ARX || “y3g7y || 1000 | ] (Y01 | ), 31y, || g

NOILV43d0 HnOd-113W

]
i

i o s

PAPPPITEIIN

TN

Aadiint

TR

i




raticrom o 2 ot

M dIHS
3 AVd

‘J1EISSY

$§9201q INOJ-3IT9W I9ITSW SINUTH YITM 2uTl7] de1 °¢ san8t1g

walq 3yeR
03 juas pue

v
Wnaa Wnaa
~| HSINIH | <[ Avd-X || 1000 || Q¥O1 [~ onINoILIaNod| | 173

R R e S NSRS v s iR

JNIS0TdX3
And

L~~~ -NOILVY3d0 ¥N0d-LTI —--~--

.( . - " <
SRR S % y 2

&
o

|
!
!
ol

11

T

U T T L e .




T TR T A DAL bt G D R A i L e il L

ASSUMPTIONS

Both of the new processes are at the same level of development with
a like probability of success,

Both of the new processes can handle TNT and Composition B explosive
fills, but the Industrial Management Division, AMSAR-PPI (formerly
Manufacturing Technology Directorate, AMSAR-MT), indicated that further
research is required by Picatinny Arsenal before a decision can be
made about Amatex, an ammonium nitrate type of explosive being
considered as an alternative for Composition B.

Penalty costs for lost production due to an explosion would
probably be insignificant according to AMSAR-PPI. 1If possible, the
balance of the production would be shifted to another active line
at the same plant. The startup and layaway costs for an inactive
line are fairly standard and may be minimal if prorated over a normal
one year production period.

The evaluation of the safety potential of each process was based
on ARMCOM Safety Office estimates of the damage and casualties that
might result from an explosinn in the melt-pour building.

METHODOLOGY

Safety was the only criteria used to evaluate the current and
proposed melt-pour processes, AMSAR-PPI indicated that the
differences in the production capabilities and operational costs
would not be significant; therefore, they were not considered in this
analysis, The safety potential of each process was parametrically
and stochastically analyzed in terms of the fatalities, disabling
injuries, and property damage replacement costs that might occur if
there was an explosion in the melt-pour building. The proposed
processes were compared with the current melt-kettle technique at
six LAP lines using a computer model to simulate each facility
combination and provide comparative results.,

A lack of information about the explosive accidents at the
melt-pour plants made it necessary to estimate the damage and
casualties and to parameterize the mean-time to next explosion,

The results obtained with both models were based on 1000 iterations
for each process combination.

Appendix B contains a detailed description and flow diagram of the
computer model, The model is divided into two parts as follows:

Part 1

This part simulated the activity of the current and the cwo

12
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f proposed processes at each of six LAP lines (two each at Iowa, Joliet,
F and Milan AAP's) using parametric values to stochastically derive the
i cost comparison inputs required for the second part of the model. !

—

Inputs - (Detailed in Appendix C)
f ® Cost per fatality ($75,000) and disabling injury ($3,200),
¢ Cost per building and its IPE,

:
- ® Triangular distribution of fatalities, injuries, and property
: damage resulting from an explosion in the melt-pour process.

: ® pPopulation (manning level) for each LAP line.

' ® MIBE's of 10, 50, and 100 years.

: * 10 percent discount factor.
i Constraints - ;
é; Only explosions randonly occurring within a 10-year period of
; operation (the assumed economic life of the equipment) were
i ; used in this analysis.*

’

1000 "Monte Carlo'" iterations per case.

4 )

Casualty-damage zones based on quantity-distances for maximum

: explosive limits in the melt-pour building of 15,000 pounds ifor
: ' current process, 2,000 pounds for Picatinny process, and 200
pounds for Milan process. .

Outputs -

® Expected value, variance and histogram of the fatalities, injuries
and replacement costs for each process comparison.

Part 2

This part used ''Monte Carlo" techniques to compare the variates
obtained in Part 1 for the current process with those obtained for
the proposed processes. The like variates were randomly selected

for each process (proposed and current) and the difference between
the two was calculated. In order to calculate a savings investment

* This assumption was based on guidance furnished by AMSAR-PPI.

St




ratio (SIR) for each process comparison, this portion of the model
also considered investment costs in addition to the other inputs.

Inputs -

Histograms of the fatalities, disabling injuries, and costs
for current and proposed process being compared by each

combination, q
® Distribution parameters of investment costs for proposed i
processes, 3
Constraints -
® 1000 Monte Carlo iterations per case (current-proposed process
comparison at various combinations of MIBE's),
Output -
¢ Expected value, variance and histogram of the reduction in
fatalities, injuries, and costs and the savings investment
ratio (SIR) for the proposed processes compared with the
current process at each location.
RESULTS

This analysis evaluated the safety potential of the new processes
by assuming replacement of the current melt-pour techniques with the
proposed Picatinny and Milan processes and compared estimates of the
casualties and damage that might occur at specified quantity-distances
in the event of an explosion in the melt-pour building. AMSAR-PPI
has indicated that replacement of the current melt-pour facilities
with either of the new processes should increase the safety potential
of the cast-loading process, by significantly reducing the amount of
in-process explosive and reimoving personnel from the melt-pour
building. Since the differences in the production capabilities
and operational costs could not be shown to be significantly
different, safety was the only factor that could be analyzed. The
safety potential was considered to be dependent on the probability
of explosion expressed as the Mean-Time-Between-Explosions (MTBE).
Results were determined for three levels of MIBE (10, 50, and 100
years) at six LAP lines for both the current and each replacement
process. A condensation of the results is presented in Tables 1,

2, 3, and 4, The detailed results for all of the process combinations
are in Appendix D.

Fatalities

The expected decrease in fatalities - while always positive -
was not exceptional at any combination or reliabilities. It was only

14

inmaber 1



Jibienmduchitid dity v (L ahdotias s aanit i AT bl (g o2 s b d Ltk Sl A P

O L 4 L tid A ARAAN e SRS e 0. Reohgin

TABLE 1. CONDENSATTON OF "ESULTS - §

OBSERVATION' NOTI

OBSERVATION
| - JOLIET AAP

GROUP 2 GROUP 3 LINE 2

Expected Reduction in
Fatalities > 0 * *

Probability of
Reduction in
Fatalities & 0

MTBE_ = 100 3
** MIBE 2 MIBE, MTBE 2 MIBE_ MIBER = 10 3

Risk of Increase
in Fatalities > 0

Probability of a
Reduction in Fatalities
> Risk of Increase in
Fatalities

MTBE_ 3 MTBE MTBE &, MTBE MTBE ® MTBE:
p c p c p c“

* Observation occurred at all conditions examined,

doie MTB]E‘.p - Mean-Time-Between-Explosion, proposed process

3

MIBE, - Mean-Time-Between-Explosion, current process (valuer, when given, are in years)
1

15
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"ESULTS - FATALITIES

ENSATTON OF

OBSERVATION NOTED WHEN

* F * *
i
* * ]
MTBEp = 100 yrs MTBE = 100 yrs
MTBE, = 10 yrs MTBE > MTBE MTBE > MIBE MTBEP 10 yrs
p c P [ [+
MTBEp > MTBEc MTBEp > MIBEc
MTBEPE MTBE,, MTBE > MTBE_ and MIBE_< 100 yrs| and MIBE.Q 100 yre
p

pn given, are in years)

Next page is blank.
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TABLE 2. CONDENSATION OF RESULTS - INJUR

OBSERVATION OBSERVATION NOTED

JOLIET AAP

GROUP 2 GROUP 3

MIBE, 2 MIBE, & | MIBEp Z MTBEc &
all MrBE & 50 yrs | all MIBEZ 50 yrs

Expected Reduction in
Injuries » O

Probabilities of
Reduction in
Injuries P 0

Risk of Increase
in Injuries > 0

Probability of
Reduction P Risk of
Increase in Injuries

MIBE  2Z MIBE, MTBE, & MIBE,

* QObservation occurred at all conditions examined.

17 i
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NSATION OF RESULTZ - INJURIES

:
i
4 OBSERVATION NOTED WHEN
: TOWA AAP MILAN AAP
T T L LI D
: & MIBE, D= MTBE MTBE_3® MIBE MTBEp, 32 MTBEp & MTBE_$» MTBE
i P = - P (2 r+
yrs € . vo€ all MTBE, & 50 yrg P 5 S
3 * * * *
f * * * *
MIBE 2 MTBE MIBE 3 MIBE MTBE_ 22 MTBE MTBE_$ MTBE
P c P c P c P e
Next page is blank.
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OBSERVATION

Expected Cost Saving
for Minute Melter & 0

TABLE 3,

v,

B s i

CONDENSATION OF RESULTS - SAVINGS

CORRESPONDING CONDI

Expected Cost Savings
for Picatinny Process 9 0

Probability of Savings
for Minute Melter » O

Probability of Savings
for Picatinny Process ® (

Risk of Increase in
Cost Using Minute
Melter 9 0

Risk of Increase in
Cost Using Picatinny
Process & 0

Probability of Savings
P Risk of Cost Increase
- Minute Melter

-

-

Probability of Savings
? Risk of Cost Increase
- Picatinny Process

Expected Savings - Milan
Process P Expected Savings
- Picatinny Process

JOLLE

GROUP 2

MIBE, 2 50 years
or M‘%B c$ 10 years

MTBE, & 50 years
MTBEcﬁ 10 years

%

MIBE 2 MTBE
] c

MIBE 2

p = MIBE .

* Observation occurred at all conditions examined.

T AAP

GROUP 3 LINE 2 :

MIBEp, & 50 years
or MIBE. & 10 years

MIBE, 2 50 years
MIBE & 10 years

M’I‘BE‘.p 2 M’I‘BEc

r MIBE, & 100 years
& MIBE, 2 MIBEc

ToWA

MIBE, & 50 years |
or MIBE, & 10 years

MIBE, 2 MIBE,

MIBE. € 100 years
& MIBE, » MIBE,

MIBEc € 100 years
& MIBE, 2 MIBE,

19
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RESULTS - SAVINGS REPLACEMENT COSTS

i
CORRESPONDING CONDITION AT EACH LOCATLON
MIBE. B 50 years MTBEp 2 50 years

MIBE, 2 50 years MIBE & 50 years P
rs] or MIBE. & 10 years MIBE. & 10 years MIBE, ¢ 10 years MIBE_ & 10 years

MIBE, B MIBE, MIBE, 2 MIBEc MIBEp 2 MIBEc

MIBEc & 100 years

MIBE, € 100 years
MIBEp 2 MIBEc

MTBE, & 100 years MIBEc & 100 years
& MTBE, > MIBE, & MIBE, 2 MIBE, MIBEP?_ MIBE.

MIBE. € 100 years MIBEc € 100 years JMIBEc & 100 years MIBE, € 100 years
& MI'BEP Z MTBEC & MTBEp 2 MIBEc & MI'BEP z MIBEc & MTBEP z MTBE.

19 Next page is blank.
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LABLE 4, COMDENSATION OF RESUL

= ——
CORRESPONDIN
OBSERVATION ;
JOLLIET AAP
g’ GROUP 2 GROUP 3 L
Expected SIR 1,0
(Minute Mclter) MIBEc < 100 years | MIBEc < 10 years MIBE,
Expected SIR 1.0
(Picatinny Proces:) % *
Probability of Achieving
an SIR 1,0 with
(Minuce Melter) 0 deie *k
Probability of Achieving :
an SIR 1,0 with 4
Picatinny Process MIBE, £ 10 years MTBE £ 10 years MIBEp

* Observation did not occur at any conditions examined.
** Observation occurred at all conditions examined.

21
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’CONDENSATION OF RESULTS = SAVINGS INVESTMENT RATIO
: CORRESPONDING CONDITION AT EACH LOCATION
*\—
;' IOWA AAP MILAN AAP
0 N] )

: MIBEc < 10 years
10 years MIBE, € 10 years | MTBE. < 10 years | MIBE, £ 10 years & MTBE, 2 10 years

*% *% *%k

£10 years MTBE, € 10 years M’I‘BEp = 10 years MI‘BEp < 10 years MIBE, < 10 years

a2 it

Next page is blank.,




— e e

4 ko

when the current process had a low reliability (MTBE = 10 years) that
the potential reduction in fatalities reached higher levels, 10 percent
or more of the work force. A review of all combinations indicated

that the expected reductions in fatalities were primarily depeadent
upon the MTBE of the current process, and secondly, upon the location -
the factor which determined the work force levels and replacewent

costs for each site,

Although the probability of a reduction in fatalities existed for
all combinations of MIBE, there was also a risk that the replacement
of the current process might increase casualties. This analysis showed
that the probability of a reduction in fatalities is greater than the
risk of an increase in fatalities if the current process is replaced
with one having an equal or greater MIBE.

Under the MIBE's assumed for this study, replacement of the current
processes with either one of the proposed new processes would not
result in a significant chance of reducing fatalities.

Disabling Injuries

The potential effect of the process replacements on the number of

disabling injuries followed the same pettern indicated for the fatalities.

A decrease in injuries was indicated only when the safety potential of
the current process was low (MIBE = 10 years); other wise, the
probability of a reduction in injuries was minimal. The potential
risk of an increase in injuries was also significant.

Property Damage Replacement Costs

Replacement costs results exhibited the same general correlation
observed in the fatality and injury analysis. The probability of
achieving a cost reduction generally exceeded the attandant risk of a
cost increase when the MTBE of the new process was equal to or greater
than that of the current facility. Like those observed for the
fatzlities and injuries, the probability of a reduction in replacement
costs was generally minimal except when the MIBE of the present facility
was low (e.g., 10 years).

The expected cost reduction potential for the Milan process was
greater than that of the Picatinny system because che 'Minute Melter"
is smaller and has less in-process explosive.

Savings Investment Ratio (SIR}

The savings investment ratio obtained with the Picatinny process
indicated that one could not expect to get a return on the investment
in the form of cost savings. It was only when the MIBE of the current

process was very low that there was even a probability of achieving a
SIR =1,

23
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A favorable ratio was obtained with the smaller, less expensive
Milan process when the current facility had a very low MTBE (10 years).
Otherwise, there is a high risk that a ratio equal to/or exceeding unity
cannot be attained even with the Milan process,

Probability of Explosion

The probability of achieving a change in the casualties and
property damage costs is keyed to the probability of an explosion
occurring in the current and new processes. Figure 4 shows the
expectation of an explosion occurring during the range of MIBE's
utilized in this study. At an MIBE of 100 years, the expectation of
an explosion occurring during the assumed 10-year economic life of
the process is only .10. Conversely, the probability of nothing
happening is a significant .90, Since the expectation of an explosion
occurring is a double exponential decaying function of reliability
(MIBE), the chance of an explosion is highly improbable for the range
of reliabilities (MTBE of 10 through 100 years) used in this study.

The expected effects on the casualties and property damage tend to zero
and the purported safety advantages of the new processes are significantly
diminished.

CONCLUS IONS

Replacement of the current melt-pour process with either the
Picatinny or Milan systems would not result in a significant chance
of reducing potential fatalities, disabling injuries and property
damage,

The chance of achieving this reduction is directly contingent
upon the probabilitv of an explosion occurring in the melt-pour process.
The chances of n c¢xplosion are highly improbable for the range of
reliabilities (M 5e's of 10, 50 and 100 years) assumed for this study.

The probability of achieving a reduction in the casualties and
property damage is greater than the attendant risk of an increase if
the reliability of the replacement process is equal to or greater
than that of the current process.

There would be no significant probability of achieving a savings

investment ratio of unity or greater unless a current facility with
a very low reliability was replaced by the Milan process.
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APPENDIX A - AUTHORITY

DISPOSITION FORM

For vae of this form, see AR 340-13; the propenent sgency o The Adjvient Generel's Offige.

"REPERENCE OR OFFICE SYMIOL SUBNCT
| AMSAR-MT Melt-Pour Facilities
YO AMSAR-SA PROM  AMSAR-MT oaT€" § UUi i3/J curs

COL Benefiel/dw/4224

1. Currently we have planned melt-pour facilities for the load assembly and pack plant
in the neighborhood of $400,000000Picatinny Arsenal is working on a continuous melt-
pour system, Also, Milan AAP is developing a mini-melter for low volume operations.

2. I request a AMSAR-SA evaluation of these systems with a recommendation as to pos-
sible application for adapting the mini-melter to various types of loading operations.

., %

Y ‘v,’/((' \ e ,}A_,Q
DANIEL J/ BENEFIEL
Colonel,‘és
Director, Manufacturing
Technology Directorate

CF:
Cdr, PA, Dover, NJ
Cdr, MAAP, TN

AMCPM-PBM, Dover, NJ

PORM REPLACES OD PORM EXISTING SUPPLIES OF WHICH
DA 170002 MQG 1SSURD AND USED UNTIL § FED 85 UNL £S5 SOONER nuwfa‘f::. @ aro 1972 700-080/1008
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APPENDIX B

DESCRIPTION OF MODEL

The safety potential proved to be the only criterion that could be
used to evaluate each process, 1t was simulated in terms of the
fatalities, disabling injuries, and property damage that might occur
at specified quantity-distances if there was an explosion in the
melt-pour building., Reliability was assumed to be a function of the
Mean-Time-Between Explosions (MTBE) in years, and the proposed
processes were compared with the current process at six LAP lines,
using a two part model to simulate each facility-reliability (MTBE)
combination and to provide comparative results, The casualties and
damage that occurred in the "assumed" explosion in each type of process
were expressed as a function of the quantity-distances specified for
the amount of explosion in the melt-tower building. A lack of
information about the explosive accidents that have occurred at the
melt-pour plants made it necessary to simulate the problem by
parametrically assuming a range of MIBE's for the current process
and the proposed processes. Each of the proposed processes was
compared to the current process at nine conditions (all combonations
of 10, 50, and 100 years MTBE for all processes). The results
obtained with both models were based on 1000 iterations for each
facility-process combination.

Part 1 of Model - The first part of the model simulated the activity
of the current and the two proposed processes at each of six LAP
lines (two each at Iowa, Joliet, and Milan AAP's) using MIBE values
of 10, 50 and 100 years for each combination. The time to the next
explosion was randomly selected from an exponential distribution
described by the MTBE parameter, and only explosions occurring within
a 10-year period of operation - the assumed economic life of the
equipment - were used in this analysis.*

* For example, with sequentially random selection of three years: one
year, five years, and two years, only the first three selections - a
total duration of nine years - would be processed. This would result
in assuming that explosions occurred in years three, five and nine
for this trial. The later random selection of an MIBE of two years
would not be considéred since the total elapsed time cf 1l years
exceeds the imposed 10-year limit. Likewise, if the first random
selection was 10 or 11 years, then no explosions would be assumed

for this trial since the elapsed time equaled or exceeded the 10-year
limit, '
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The triangular distributions of the fatalities, injuries, and
property damage replacement cost were indirectly provided as inputs
to the model by means of weighted factors applied to the location
of the population (work force) and property at each of the 12
facility-process combinations. Each LAP line was divided into four
casualty-damage zones whose limits were established, as shown in
Appendix E, by the unbarricaded quantity-distances required for the
maximum explosive 1limits assumed for the melt-pour building of
each process.

When the Milan process is used, the monitor personnel will be in
a blast-proof protective cell either within or very near the
melt-pour building. For computation purposes, these operators were
considered to be located within a less sensitive zone.

For each facility-process combination, distributions of the
fatalities, injuries, and damage incurred were sampled for each
explosion using the probabilities in Table B-1 which were based on
estimates obtained from the ARMCOM Safety Office. The fact that
these three distributions were related to each other through the
magnitude of the explosion was considered by using the same random
number to sample each of the distributions under the following
rationale: Given a variable under consideration and an associated
variable with a known (or assumed) degree of correlation, both expressed
as statistical distributions, then

K

pm+ (1 - p) n (B.1)
where:

K = the value of the resultant random number to be used to sample
the distribution under consideration,

m = Value of random number which was selected in sampling the
distribution of the associated variable,

n = Value of the new random number selected, and

p = Correlation coefficient expressing degree of correlation
betweer the variable under consideration and an associated
variable.
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TABLE B-1
Distribution Parameters Used for Estimating

Casualties and Property Damage

!
3
%
PER CENT OF WORK FORCE AND PROPERTY DAMAGE g
DISTRIBUTION REPLACEMENT COSTS ASSUMED TO BE EFFECTED ;
IN CASUALTY-DAMAGE ZONES H
Zone X Zone A Zone B Zone C 1
---------------------------------- b+e~--=-eFatalities-----c---foceccaaa--
Max imum 100 50 10 1
Most Likely 100 10 0 0
Minimum 0 0 0 0
-------------------------------- -----Disabling Injuries*-.---# .esecmeeaa
|
Max imum 100 50 ; 25 10
Most Likely 100 50 | 10 0
Minimum 50 10 ; 0 0
----------------------------- ProJﬁerty Damage l{eplacement Costs -==-==-- i
Max imum 100 100 50 10 ‘
Most Likely 100 100 10 0
Minimum 100 0 0 0

* Per cent of population remaining after deduction of fatalities.
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For a weak correlation (p—»0), the random number K used to sample

the distribution under consideration would approach n, i.e., the value
of the new random number selected, However, in this analysis the
correlation is assumed to be very strong (p-»»1) and, therefore, the
random number K used to sample this distribution would approach m,
i.e., the same random number would be used to sample both the
distribution under consideration and the associated distributions.
Triangular distributions were assumed for the conditional probatilities
for the fatalities, injuries, and property damage replacement costs.

The costs for the fatalities and the disabling injuries were computed
by multiplying the number of victims by the statutory planning costs
used for Army contractor personnel in DA Circular 385-29 ($3,200 for
a disabling injury and $75,000 for a fatality). Replacement costs for
the property damage were derived from prorated adjustments of the line,
support, and equipment (IPE) values obtained from the Master Layaway
Plan maintained by AMSAR-FPPI-W. The total cost for each facility-process
combination is the summation of the costs for fatalities, injuries,
and property damage. Discounted costs were also computed using a 10
percent annual discount factor and the accumulated time within each

trial as shown:

fq = i +11) (B.2)
where:
fd = discount factor,
= fractional interest, and
t = accumulated time in years.

The output results (expected value, the variance, and a histogram
for each variable) are used as inputs for the second part of the model.

Part 2 of Model - This part used "Monte Carlo" techniques to compare
the Part 1 results obtained for the proposed processes with those
obtained for the proposed processes with those obtained for the current
process, Distribution of the differences in fatalities, differences
in injuries, and the differences discounted total replacement costs
between the current and proposed processes were compared with the
associated expected values in order to compute the variance., These
differences were obtained by subtracting the randomly selected values
for each of the proposed processes from their randomly selected
equivalent for the current process. With this model, the variance is
assumed to be independent so a2 random number can be selected for each
sample drawn from each distribution.

32

i g s

ek et 2 S i

ey




il ibioa IO b oot A ot e aRER AU s b St b R e i o e ot b ol Lt et B S I LT

SNV p———

This part also considered investment costs in addition to the inputs
from Part 1. Independent and random samples were drawn from these
triangularly distributed investment costs and divided into the
difference of the discounted operating costs to obtain a savings
investment ratio (SIR) for each facility-process combination. A
distribution was also constructed for these ratios:

Discounted Difference in Operating Costs

Savings Investment Ratio = of Current and Proposed Processes (B.3)

Investment Cost of Proposed Process

The results of Part 2 were handled in a manner similar to those from
Part 1 with an expected value, the variance, and a histogram computed
for each of these variates:

Reduction in fatalities
Reduction in disabling injuries
Reduction in cost

Savings investment ratio (SIR)

The expected event and the probability of a specific event occurring
for each of these variates were obtained from these outputs.

Flow Diagrams of Model

Flow diagrams of the model (Figures B-1, B-2, and B-3) have been
included to illustrate the two-step approach used in simulating and
comparing the current and proposed melt-pour processes. Figures B-1
and B-2 show Part 1, the portion of the model used to similate each
location-process combination, Figure B-3 compared the Part 1 cost
outputs from the current process with those from the new processes at
each location. This part of the model also considered investment
costs in order to calculate a savings investment ratio for each process
comparison,
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APPENDIX C

ANALYSIS INPUTS

This appendix lists the inputs used in the model to generate the
distributions of the fatalities, disabling injuries, and property
damage replacement costs for the respective process combinations.

The population (manning level) and replacement costs are listed
in Tables C-1 through C-6 for the current processes and in Tables

C-7 through C-18 for the proposed Picatinny and Milan processes,
respectively.




ZONE

TABLE C-1

Analysis Inputs for Part 1 of Nodel

Facility: Joliet AAP Group II

Process: Current

26

13

28

T2

REPLACTEST COSTS

($1000)..

PUTLDINGS  EQUIPVET TOTAL
3606 580 4186
3175 132 L9
8717 234 8951
4255 399 L6sh

16895 1344 18239
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TABLE C-2

Analysis Inputs for Part 1 of Model

Facility: Joliet AAP Group ITI

Process: Current

REPLACEZENT COSTS

($1000)
POPULATION EUILDINGS EQUIPNET™  TCTAL

L6 3115 1971 5086

57k 1493
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'wABLE C=-3

Analysis Inputs for Part 1 of lModel

Facility: JTowa AAP Line 2

Process: Current

REPLACZENT COSTS

($1000)
ZONE POPULATION BUILDINGS  EQUIPMENT  7CTAL
X 18 2838 527 336L
A ’ 0 3290 527 3817
B 0 9435 233 9669
c 53 1179 151 14330
TOTAL: 71 29743 1438 31180
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TABLE C-k4

Analysis Inputs for Part 1 of Nodel

Facility: 1Iowa AAP Line 3

Process: Current

REPLACEELT COSTS

(31000)
ZONE POPULATION SUTIDINGS EGUIPMEINT  TOTAL
X 9 ' 2930 1689 4618
A ' W 2290 114 2Los
B 113 6430 634 706k
C 21 11933 L6 11978
TOTAL: L6 23582 2483 26065
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TABLE C-5

Angslysis Inputs for Part 1 of Nodel

Facility: Milan AAP Line C

Process: Current

POPULATION

1h

165

151

335

REPLACTZEIT COSTS
($2000)

BUILDIKGS EQUIPMZT  TOTAL
552 868 142
1950 688 2638
1657 5L0 . 2197
777 5 782
bh39 1320 5760
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TARLE C-6

Analysis Inputs for Part 1 of Model

racility: liilan AAP Line D

Process: Current

REIPLACEZNT COSTS

($1000)
ZO0VE POPULATION BUITDINGS  ZoUIPMENT  TOTAL
X 17 730 83 813
A ) 56 21ko 2L3 2388
B 120 2912 812 3725
c 62 2138 1317 3456 %
TOTAL: 255 7920 2469 10380

ISP PSS S AP FPI.S SIS
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" TABLE C-1
Analysis Inputs for Part 1 of NModel
' Facility: Joliet AAP Group II
Process: Picatinny
:
; REPLACEEST COSTS
! (23000)
5- ZONE POPULATION BUIIDINGS  ZQUIRMTT T0TAL
X 0 637 983 1621
' A ' 0 14 630 6Ll
B L0 1266 909 2275
) T2 17249 2L6l 19710
TOTAL {2 19267 L] 24250
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TABLE C-8

Analysis Inputs for Part 1 of Model

Facility: Joliet AAP Group III

Process: Picatinny

S te it

REPLACEET COSTS
(51060)

ZONE POPULATION BUTLDINGS EQUIDMENT  TOTAL
X 0 637 983 1621

A 0 14 630 6Lk

B 0 - 1383 9060 2092

c 130 20172 5028 25200
TOTAL: 130 22206 7551 29833
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TABLE C-9

Analysis Inputs for Part 1 of Model

Facility: Iowa AAP Line 2

:
i Process: Picatinny

f
REPLACTZENT COSTS
(£2000)
ZOWE POPULATION SUILDINGS ZoUIPMET  TOTAL
X 0 637 983 1621
A 0 1k 630 3N
B 0 1366 909 2275
C T1 30103 2556 32659
TOTAL: Tl Frel 5078 gTL99
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TOTAL:

TABLE C-10

Analysis Inputs for Part 1 of Model

Facility: Iowa AAP Line 3
Process: Picatinny
REPLACZENT COSTS
(31060)

POPULATTON BUILDINGS EQUIRMENT  TOTAL
0 637 983 1621
0 14 630 nn
0 1366 269 2275
46 23942 3601 27543
46 23960 6123 22083
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TABLE C-11

Aralysis Inputs for Part 1 of Model

Facility: Milan AAP Line C

Process: Picetinny

ey

REPLACZZEIT COSTS

(51000)
ZOWE POPULATION SUTLDINGS  ESUTDMEDT 2074
X 0 637 983 1621
3 A 0 14 630 64k
B 0 1366 909 2275
1 c 335 L8LO 2438 eTe
TCTAL: 335 6357 L0690 11819
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TABLE C-12

Analysis Inputs for Part 1 of Model

Facility: Milan AAP Line D
Process: Picatinny
REPLACEET COSTS
($2020)
ZON POPULATION EUTIIOINGS ZOUIRMETT SCTAL
X 0 637 983 1621
A 0 1k 630 6Ll fq
: B h=1/Y4 1798 937 2735 5
4
c 250-3/"% 7188 2423 9921 -ﬁ
TOTAL: 255 9937 L9833 14920
1
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TABLE C-13

Analysis Inputs for Part 1 %, Nodel

Facility: Joliet AAP Group I1I

Process: Milan

R=PLACIZMENTY COSTS

(31€29)
POPULATION SUTLDINGS  ZoUIDMET T0TAL
0 542 375 917
0 0 0 0
0 65 332 397
72 16895 12kh 18239
T2 17502 2054 15553
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TABLE C-14

Anelysis Inputs for Part 1 of Model

e alaniadlod s LT 7

Facility: Joliet AAP Group III
Process: Milan
REPLACEZ/E.T COSTS
($2c00)
POPULATION BUTLDINGS  EQUIPMET  TOTAL
0 542 375 917
0 0 0 0
0 65 332 397
120 20936 3900 W 887
130 21593 h6oT 26201
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TABLE C~15

Analysis Inputs for Part 1 of Model

Facility: Iowa AAP Line 2

Process: ¥ilen

RZPLACZZENT COSTS

(52009)
POPULATION 3UILDINGS  ZGUIPMET  TCTAL
0 5L2 375 917
0 0 0 0
0 65 332 397
71 29743 1438 31180
71 30350 c1Ls 32494
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TABLE C-16

Analysis Inputs for Part 1 of NModel

Facility: Iowa AAP Line 3

-

Process: Milan
REPLACE =D COSTS
($1000)

ZONE PCPULATION 3UIIDINGS  ESUIPMENT  TOTAL

: X 0 542 375 917
A 0 0 0 0

B 0 65 332 397

C L6 23582 ou83 26065

TODALS 46 24189 3150 27379




TABLE C-1T

Analysis Inputs for Part 1 of Model

Facility: Milan AAP Line C

Process: 1ilan

REPLACEENT COSTS
. (8$2500)
ZONE POPULATION EJILDINGS  EJUIPMETT  TOTAL

X 0 542 374 916
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TABLE C-18

Analysis Inputs for Part 1 of Model

Facility: Milan AAP Line D

Process: ilan

REPLACEENT COSTS

($1260)
POFULATION TITITLNSS. TeJgmevET  TODAL
0 542 37k 917
0 0 0 0
0 65 332 397
255 7920 ZRRE 10380
255 8527 05 11694

Next page is blank,
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APPENDIX D
COMPARATIVE RESULTS OF
PROCESS COMBINATIONS
Results were obtained at three levels of reliability (MTBE's of
10, 50 and 100 years) for 12 proposed combinations to determine the
potential effect of the proposed replacements on the reliability of

six current melt-pour operations.

Each comparison of a current and a replacement process produced
nine possible combinations of expected results as follows:

Tables D-1

D-3  Fatalities: Expected decrease, probability of
déecrease, risk of increase

Tables D-4 - D-6 Disabling Injuries: Expected decrease, prob-
ability of decrease, risk
of increase

]
o

1
[
N

Tables D-7 Replacement Cost: Expected decrease, proba-
bility of decrease, risk

of increase

Tables D-13

D-16 Savings Investment,Ratio: Expected value,
probability of
achieving SIR 2 1.0
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TABLE D-1

EYPECIED DECREASE I FATALITIES
A 10-7ZAR PERIOD IF CURRENT
S IS RERPLACED BY PICATILNY COR MILAN PROCESS
(7% OF MANNING LEVEL)

1= -T2 -BETWEEN -EXPLOSIONS FOR CURRENT PROCESS

i ANk

(Years)

[92]
2
= 100 50 10 100 50 10
o
£ 1100 | 1.6 513 ' 16.5 3.0 6.1 30.3
= | 50|16 A 16.5] | 2.9 6.0 30.1
2 10 1.2 2.9 15.7 280 5.3 29.4
E Group 2 JOLIET Group 3
o
2~
Qg 100 1.2 oon |11 0.5 1.0 G
o 0O
B>l 50 1.1 2.3 Bl T 0.4 1.0 5.3
©
E;i 10| o.7 1.9 053 0.2 )8 Se0
£ Line 2 IOWA Line 3
:’é
£ .
£ 1100 k.3 9.0 | kw5l |17 | w0 | 200
= |
e 50| 4.0 BeT . 2 1.5 g 1% 19.9,
| H
g . - - |
5| 1022 6.3 | ka3 o | 21 8.2

Line C MILAN Line D
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TABLE D-2

PROEAEILITY CF DECREASE 1IN FATALITIES DYURING A 10-YEAR
PERIOCD IF CURREIT PRCCESS IS REPLACID BY PICATINNY

OR MILAN PROCESS

-EXPLOOIONS FOR REPLACEMENT PROCESS

LAt A Rkl
AWalliay

PTME-BEG

SRR E)
:\_ "

MR

(Years)

WMEAN-TINME-BETWELL -EXPLOSI0NS FOR CURRENT PROCESS

(Years)
100 50 10 100 50 10
100 | ook | .183 | .63 | | .o 187 | .653
50 | .09% .186 i 646 .09k .1E3 .659
10 | .09" 172 | .652| | .00k .183 | .660
Group 2 JOLIET Group 3
200 .c3% | .133 ' Jesi | | ook 189 | .655
50 .0%4 188 . 660 . 094 B8 . 662
10 | .09k .187 . 66k .09 182 .§h1
Line 2 I0WA Line 3
100 | .50 189 ' N7 ojel 138 663‘ 1
50| .09 133 .659 094 138 659%
10 | .92 136 | .€32 089 182 6ng
Line C MILAG bine b

59




RISK OF INCREAS: Iii FATALITIES DURING
DURINIG A 10-YEAR PERIOD IF CURRENT

TABLE D-3

PEOCESS IS REPLACED BY PICATILNY OR MILAN PROCESS

MEAN-TIME -3ETWZE -EXPLCSIONS FOR CURRELTY PROCESS

(Years)

3
= 100 50 10 100 50 10
C
£ f1co | .0%0 .000 | .000 .000 .000 . 000
Z | 50| .160 .000 | .000| |.151 .000 . 000
€ | 10/.10 .517 | .000 .085 425 .000
= Group 2 JOLIZY Group 3
[+
S
o5 (100 ] .9 000 | .07 .089 .0C2 .000
Did
F 5] 50 .0m .159 | .000 .15% 0Tk .00
:: . 3 . . l.’. .!ih .
2 10| .338 128 000 B 512 5 067
= Line 2 TOWA Line 3
E |1co].190 cca | .00 109 679 oco |
5| sof.ces 059 | .o00 151 120 22T ;
A .
k 0.6 L2y ] .97 .607? 286 203 J

uine C Wiiany ¢ )
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TAZLE D-4

EYPEZCTID DECRE~ASI IN DISABLING INJURIES
SURLING A 1C-TIZiR PERICD IF CURRENT
PROCESS 1S REPLACIC T PICATIINYY OR MILAN PROCESS

(%) ;.

PAL=TTME=PETWERN-EXPLOSTONS FOR RFEPLACFMENT PROCESS

(Yenrs )

e~
. -

=TT =BETWEEs ~ 232231008 FOR CURRENT PROCESS
\Years)

.-
e

)

100

50

100
50
10

100 _50 ) 100 50 10

1.0 2.9 14 (1.3 | b.u 30.3

0.5 2.k 15, 2 0.5 3.5 26.1

-3.2 -1.3 1. 6.2 -3.2 19.4
Group 2 JOLIET Group 3

C.h4 1,5 i S| 0.3 1.0 T.5

0.0 il il Sokd 0.0 0.7 T.2

Line 2 IOWA Line 3
- ' i { A
160 | L.z 2.1 Pl B .1 | R | 30.9
‘ i
S0 | 3. N e 2.5 -0.5 ‘ 248 I 29.3
! .
10 f16.2 ) -12.3 togl Fl3.5 | =203 | 16.3J
Line C MILAN Line D




TABLE D-5

PROBABILITY CF DECREASE I!l DISABLING INJURIES
DURIIG A 10-YEAR PERIOD IF CURREKT PROCESS
IS REPLACED BY PICATIITYY OR MILAN PROCESS
o

}MEAR-TTE-BETWEEN-EXPLOSIONS FOR CURRENT PROCESS

Mimecat i s

el L e b0 b

(Years)

%
& 100 50 10 100 50 10
£ 100 [.088 175 | .6k .089 173 .652
2| sof.087 | .175 67| | .088 | .73 | .616
f_é .
> 10 {.079 157 .591 . 062 .153 .545
E Group 2 JOLIET Group 3
e
2~
o;g 100 |.0%8 1ii@ i 630 .088 172 652
Sl s0loe6 | a2 | .g0p| | .0B6 | .1€8 | 642
8
E | 10].063 3| sus] otz |kt | LSTS
v Line 2 I0WA Line 3
= 1100 {.053 170 | J627 038 172 631
2
Ho| so|.087 | .172 621 | 088 | .10 | €16
! '
= = z . '
5 10 |.072 158 .632 062 136 .558J

Line C wILAL Line D
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RISK CF INCREASE TN DISABLING INJURIES
DURING 4 10-YEAR PERIOD IF CURRENT

TABLE D-6

PROCESS IS REPLACED WITH PICATINNY OR MILAN PROCESS

VEAL-TTF-BETWER -EXPLOSION

rOR CURRENT PRCCESS

(Years)
¢
= 13 50 10 100 50 10
£ [100 |.081 019 | .033] |.o082 080 | .030
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TABLE D-7

EYPECTED DECREASE IIl REPLACEMENT COSTS

(DISCOUNTED 10% PER ANNUM) DURINS A 10-YEAR PERIOD

IF CURREIT PEOCESS IS REPLACED BY PICATIITY PROCESS
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TABLE D-8

EYPETTED DECREASE Til REPLACEENT COSTS (DISCOUNTED
10% PER ANIUM) DURILSG A 10-YTZAR PERICD IF CURRENT
PROCEZS IS FEZIPLACED 2Y MILA!l PROCESS
($1000) g ¢
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TABLE D-9

PRORABILITY ¢F DECREASE TI* REPLACEE.IT COSTS
DURILG A 10-YELR PERITD IF CURRENT PRCCESS
IS REPLACED EY FICATINNY PROCESS

CEAL-TTNE-BETWEEN -EXPLOSICHLS FCR CURKIT PAOCESS
(Years)
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TABLE D-10

PROBARIITTY OF DECREASE Tl FLPLACKMENT COSTS
DURING A 10-YEAR PERICD IF CURRENT
FR2CEES IS REPLACED RY MIL:AN PROCESS
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TABLE D-11

I R¥PLACEITEIT

A 2D IF CURREITY PROCESS
,CED BY PICATINLY FROCESS
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TABLE D-12

RISK OF ILCRZASE I FEPLACEMENT COSTS
DURING ~ 10-YELR PERIOD IF CURRENT
PROCESS IS REPLACED BY MITAIL PROCESS
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TAELE D-13

DANTD

Pr\\Jv OO

TED SAVINGS INVESTMENT RATIO (SIR)
CURING A 10-Y£AR PERICD IF CURRENT
S IS REPLACED BY FICATINNY PROCESS

(COSTS DISCOUNTED 10% PER ALNUM)
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EXPECTFD SAVIN3S INVESTMELT RATIO (SIR)
DURING A 10-YEAF PERIOD IF CURRELT PROCESS

TABLE D-14

IS REPLACID BY MILAN PROCESS
(COSTS DISCOUNTED 10% PER ANUM)
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TAELE D-15

PROBARILITY OF ACHIEVING OR SURPASSING A SAVINGS
INVISTIZLT FATIO OF 1 DUPRTIG A 10-YEAR PERIOD
IF CURRZIT PROCEZS IS REPLACYD BY PICATILLY PROCESS

(COSTS DISCOUNTED 10% PER ALNUM)
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APPENDIX E
CASUALTY -DAMAGE  ZONES

The safety prceential of each melt-pour process was defined by
estimates of the casualties and property damage that might occur if
there was an explosion in the melt-pour building. Obtained from the
ARMCOM Safety Office, these estimates were based on the following
Class 7 explosive limits and unbarricaded quantity-distances¥:

UNBARRI CADED
QUANTITY-DISTANCE FROM

i MAXIMUM EXPLOSIVE MELT-POUR BUILDING

! . MELT-POUR LIMITS (N MELT-POUR (Feet)

4 PROCESS BUILDING (1bs) Intraline [nhabited Building
Current 15,000 450 990
Picatinny 2,000 230 505
Milan 200 100 235

The quantity-distances represent the quantity of explosive material
and distance-separation relationships which provide defined types of
protection, These relationships are based on levels of risk considered
acceptable for the stipulated exposures, Intraline refers to those ]
processes accomplished within one operating line; the inhabited
buildings are those buildings occupied in whole or in part by workers.

The quantity-distance relationships were used to divide each of
the six LAP lines into the following zones for segrating the
casualties and property damage:

* AMCR 385-100. Safety Manual. Change 1, 14 October 1971, Class 7 :
is bulk high explosives, general purpose bombs and high explosive
warheads.

Preceding page blank 7
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7Z.ONE AREA
X Melt-pour building

A Unbarricaded intraline distance
excluding melt-pour building

B Unbarricaded inhabited building
distance outside of Zone A

C Remainder of LAP line

These zones were established for each LAP line by plotting the
unbarricaded intraline and inhabited building quantity-distance arcs
on a 'plot plan" furnished by the AAP. Manning levels also supplied
by the plant showed the number and location of the personnel on each
line. The site of the proposed process was considered to be remotely
located from the rest of the line in accordance with the safety
concepts for the LAP modernization program. Figure E-1 is an
illustrative example of how one of the LAP lines was divided into
the casualty-damage zones for the current process,
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