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SUMMARY 

The Plcatinny 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  (MTBE)  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 (MTBE'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 MTBE was 
replaced by  the Milan system.     The Milan developmental process has a  lower 
replacement cost potential than the  larger and more expensive Picatinny 
process. 
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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 done in 
large three-story melt-towers whose melt kettles may be batch-nocessing 
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. 

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 Arsenal, 
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 
system are:  (1) a continuous-type melting unit whose steam-heated 
"porcupine" agitator has a greater surface area than the vessel's 
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 
riser scrap. 

The Milan "Minute Melter" system will be an automated, remotely- 
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 
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. 

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

Both of the new processes arc 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.  If 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 explosion 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 parametricaliy 
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 two 

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

Inputs - (Detailed in Appendix C) 

* 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. 

* Population (manning level) for each LAP line. 

MTBE's of 10, 50, and 100 years. 

10 percent discount factor. 

Constraints - 

Only explosions randonly occurring within a 10-year period of 
operation (the assumed economic life of the equipment) were 
used in this analysis.* 

s 
1000 "Monte Carlo" iterations per case. 

Casualty-damage zones based on quantity-distances for maximum 
explosive limits in the melt-pour building of 15,000 pounds for 
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 

U 

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

Distribution parameters of investment costs for proposed 
processes. 

Constraints 

Output 

1000 Monte Carlo iterations per case (current-proposed process 
comparison at various  combinations of MTBE's). 

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 removing 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 MTBE (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 
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TABLE 1.     CONDENSATTON OF RESULTS 

1                     OBSERVATION 
1                                 ' 

OBSERVATION NOT« 

|                                  JOT. I ET AAP 

GROUP ? GROUP 3 i               LINE 2     1 

I       Expected  Reduction in 
I       Fatalities > 0 * 

* 

** MTBE    3t   MTBE- 
P                  c 

MTBE   3»     MTBE 
c 

* 

* 

MTBE >     MTBE 
P                c 

MTBE >      MTBE 
P                 c 

!            *       i 

*       1 

MTBE      =     100 J 
MIBE^    »      10 3I 

MTBE Jfe     MTBE   •l 

i       Probability of 
1       Reduction in 
1       Fatalities   >0                            ] 

1       Risk of Increase 
I       in Fatalities > 0 

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

*    Observation occurred at all conditions examined. 

*"'    MTBE    - Mean-Time-Between-Explosion,   proposed process 

MTBEC - Mean-Time-Between-Explosion,   current  process  (value?,  when given,  are in years) 
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gNSATTON OF  RESULTS - FATALITIES 

l< 

OBSERVATION NOTED WHEN 

MTBE. 
KIBE P    _ 

100 yrs 
10 yrs 

MTBE «fe     MTBE, 

MTBE    >   MTBE 
P c 

MTBE   >   MTBE, 

MTBE    >   MTBE 
P c 

MTBE      =     100 yrs 
MTBEP    =       10 yrs 

c 

>rrBED >   MTBEc I    MTBEP>    mBEc 

fnd mEc< 100 yrs|    and MTBEC< 100 yrs 

kn given,  are  in years) 
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OBSERVATION 

Expected Reduction in 
Injuries > 0 

Probabilities of 
Reduction in 
Injuries > 0 

Risk of Increase 
in Injuries ^ 0 

Probability of 
Reduction ^ Risk of 
increase in Injuries 

TABLE 2. CONDENSATION OF RESULTS - INJURl 

JOLIET AAP 

GROUP 2 

MIBEp 2 MTBE,, & 
all MTBE 2 50 yrs 

GROUP 3 

MTBEp  2 MTBEc & 
all MTBE21   50 yrs 

MTBE    ^   MTBE 
P 

*    Observation occurred at all conditions  examined. 

MTBEp 2  MTBE,, 

OBSERVATION NOTEE 

TOWA 

LINE 2 

MTBEp 2   WrBEc 

P c 
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SNSATION OF RESULT:   -   INJURIES 

I OBSERVATION NOTED WHEN 

I               j IOWA AAP                                       i MILAN AAP                                    1 

jyrs 

LINE 2                 I LINE 3                j LINE C LINE D                  1 

MrBEp2:   MTBEc          | MBEn^   KTBE 
P —      v     c 

MTBEp ^ MTBEp   & 
all MTBEC 2   50 yrd 

MTBE   >   MTBE            1 P                 c          1 

1 

S 

1 *                       ''. * * *                       1 
1 

I * *                   1 *                     i *                       1 
L 

K mm 2 MTBE        | pel 
1      MTBE   J»   OTBE           i 

PC 
MTBE   21   WIBE 

I             P                  c 
MTBE 2:    MTBE            1 

C         1 
I- 
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TABLE 3.  CONDENSATION OF RESULTS - SAVINGS (Rl 

OBSERVATION CORRESPONDING CONDtfj 

JOLIET AAP I0WÄ 

GROUP 2 GROUP 3 LINE 2 

Expected Cost Saving 
for Minute Melter > 0 

MTBEp i 50 years 
or MTBEC £ 10 years 

MTBEp 2 50 years 
MTBEc £ 10 years 

* 

* 

* 

* 

MIBE ^ MTBE 
P       c 

MTBE > MTBEj. 

* 

MTBEp SB 50 years 
or MTBEpi 10 years 

WTBEp Ä 50 years 
MTBEc < 10 years 

* 

* 

* 

* 

MTBEp t.  MTBEc 

MTBEC 4.  100 years 
& MTBEp i MTBEc 

* 

MTBEp £ 50 years 
or MTBEC ^ 10 years 

MTBE 2 MTBE- 

* 

* 

* 

* 

MTBEg < 100 years 
& MIBE  ^ MTBEg 

MTBEc < 100 years 
& MTBE^ > MIBE P ~    c 

* 

Expected Cost Savings 
for Picatinny Process > 0 

j  Probability of Savings 
I  for Minute Melter > 0 

Probability of Savings 
for Picatinny Process >• 0 

Risk of Increase in 
Cost Using Minute 
Melter > 0 

Risk of Increase in 
Cost Using Picatinny 
Process > 0 

Probability of Savings 
> Risk of Cost Increase 

1  - Minute Melter 

Probability of Savings 
> Risk of Cost Increase 
- Picatinny Process 

Expected Savings - Milan 
Process > Expected Savings 
- Picatinny Process 

* Observation occurred at all conditions examined, 19 
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L RESULTS - SAVINGS  REPLACEMENT COSTS 

MrBEc < 100 years 
6. MTBE     ^ MrBEc 

rs I MTBEc <  100 years 
|C      I   6.MrBEp>    MrBEc 

MTBEc   4  100 years 
& MTBEp i   MTBE,. 

MTBEg <   100 years 
MTBE   ^   MTBEc 

P 

MTBEc <   100 years 
MTBEp 2   M^c 

„TBEc   < 100 years   j f^  100 year. 
& MTBEp 2   MTBEc       I & MTBEp ^   MTBEc 

MTBEc 4  100 years 
& MTBEp >   MTBEc 

19 
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OBSERVATION 

Expected SIR   1.0 
(Minute Me iter) 

Expected SIR   1.0 
(Picatinny Proces:.) 

Probability of Achieving 
an SIR   1.0 with 
(Minuce Melt-er)   0 

Probability of Achieving 
an SIR   1.0 with 
Picatinny Process 

TABLE 4. CONDENSATION OF RESULl 

CORRESPOND!! 

JOLIET AAP 

GROUP 2 

MTBEc i 100 years 

•.'.">'«• 

MTBEp  1    10 years 

GROUP 3 

MTBEC  <   10 years 

** 

IfTBEp  -  10 years 

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

MTBE, 

MTBE, 
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CONDENSATION 0*" RESULTS  - SAVINGS  INVESTMENT RATIO 

CORRESPONDING CONDITION AT EACH LOCATION 

j 

1                                     IOWA AAP I                                 MILAN AAP                                   | 

bup 3 1               LINE 2 LINE  3 1               LINE   C 

1 10 years MrBEc  <   10 years |   MrBEc <   10 years MIBEC  <   10 years 
MTBEc   ^- 10 years    1 
& MTBEp "2.10 years    i 

I *                   \ * 1                    * !                    * *                 1 

r* ** **                    i ** **                  1 

1                               *    1 

I 10 years      i MTBEp 1.   10 years MTBE    -    10 years MTBE    <    10 years ^f^BEp <   10 years    i 

L        J i 
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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 dependent 
upon the MTBE of  the current process, and secondly, upon the location - 
the factor which determined the work force levels and replacement 
costs for each site. 

Although the probability of a reduction in fatalities existed for 
all combinations of MTBE,   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 MTBE. 

Under the MTBE'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 pattern indicated for the fatalities, 
A decrease in injuries was   indicated only when the  safety potential of 
the current process was  low (MTBE = 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 attendant 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 
fatalities and injuries,   the probability of a reduction in replacement 
costs was generally minimal except when the MTBE 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   ehe  "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  co get a return on the investment 
in the form of cost  savings.     It was only when the MTBE of the current 
process was very low that  chere was even a probability of achieving a 
SIR = 1. 
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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 "tTBE's 
utilized in this study.    At an MTBE 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 
(MTBE),   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. 

CONCLUSIONS 

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 probabjlitv of an explosion occurring in  the melt-pour process. 
The chances of    n explosion are highly improbable  for the range of 
reliabilities   (M oc'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. 

24 
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Figure 4.  Expectation of an explosion occurring 
as a function of reliability. 
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AMSAK-MT Melt-Pour Facllltle» 
OAT<* 5  UU> iJ/J CMT1 

COL Beneflel/dw/4224 
^ AMSAR-SA AMSAR-MT 

1. Currently we have planned melt-pour facilities for the load assembly and pack plant 
In the neighborhood of $400,0Q000t>Picatlnny Arsenal Is working on a continuous melt- 
pour system. Also, Milan AAF is developing a mlnl-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. 

■o, '//^M' 
DANIEL j/BENEFIl 

/; 

Colonel, v<iS 
Director, Manufacturing 
Technology Directorate 

CF: 
Cdr, PA, Dover, NJ 
Cdr, MAAP, TN 
AMCPM-PBM, Dover, NJ 

DA/0W 
MStt 2496 «t#L*CKt oo womm M, ixiiriNe •UMLIII or WHICH WILL ■■ 
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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.  It 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 MTBE'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 MTBE 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 MTBE of two years 
would not be considered since the total elapsed time of 11 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 limits 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-l 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.l) 

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 
between the variable under consideration and an associated 
variable. 
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TABLE B-l 

Distribution Parameters Used for Estimating 

Casualties and Property Damage 

DISTRIBUTION 

Maximum 
Most Likely 
Minimum 

Maximum 
Most Likely 
Minimum 

Maximum 
Most Likely 
Minimum 

PER CENT OF WORK FORCE AND PROPERTY DAMAGE 
REPLACEMENT COSTS ASSUMED TO BE EFFECTED 
IN CASUALTY-DAMAGE ZONES 

Zone X 

100 
100 

0 

100 
100 
50 

Zone A 

-Fata 

50 
10 
0 

Zone B 

ities- 

10 
0 
0 

Disabling Injuries*-: 

50 
50 
10 

25 
10 
0 

Zone C 

Property Damage Replacement Costs 

100 
100 
100 

100 
100 

0 

50 
10 
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->l) 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 probabilities 
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-FPI-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: 

fd = 
TTTTF 

(B.2) 

where: 

f, = discount factor, 

i = 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 a random number can be selected for each 
sample drawn from each distribution. 
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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: 

f 
'Discounted Difference  in Operating Costs 

Savings  Investment Ratio =1 of Current and Proposed Processes  
Investment Cost of Proposed Process ■) 

(B.3) 

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-l, 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-l 
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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Figure B-l. Flow Diagram Model - Part 1 

34 

-' ■■'-■■'-—     ...-.^-^-^■^.■J ^.^ r.,^ ^J.W.U-,.^ 



t^rmi 

_ M.MHriaMMMMnl 

/ lo mn \ 
/     LIFK       \ 
\'.•Ai/iir.A- / 
\ Tionn  / 

iiirmu/B 
10 YKAP 

LTFF I/OOP 
VARIAW.F1 

ACCUKULATI 
WOP FATALI- 
TIES t COST 

J? FATALITIES 

ACCUMULATE 
LOOP IHJURIE 
AND COST OP 
INJURIES 

SAMPLE 
COST OF 

PFOPBSTY 
DAMAGE 

ACCUMULATE 
PROPERTY 
DAMAGE 

SUMMARIZE 
LOCiP COSTS 

AND 
AC^IMJIATE 

Dlf-COUl« 
SUMMARIZE 

COST AND 
ACCUMUMTE 

■»XITJ 

Figure B-2. Flow Diagram Model - Part 1 (10 Year Life Calculations) 
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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-l through C-6 for the current processes and in Tables 
C-7 through C-18 for the proposed Picatinny and Milan processes, 
respectively. 

j 
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TABLE C-l 

Analysis Inputs for Part 1 of Model 

Facility: Joliet AAP Group II 

Process:  Current 

ZONE POPULATION 

REPLACEC^T COSTS 
($1000).. 

BUILDIIIGS    EguiPi-srr    TOTAL 

26 3606 580 1*186 

3175 132 hk9 

B 13 8T1T 23!* 8951 

28 U255 399 1*65^ 

TOTAL: 72 16895 13W4    18239 
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TABLE C-2 

Analysis Inputs for Part 1 of Model 

Facility: Joliet AAP Group III 

Process:  Current 

ZONE POPULATION 

US 

REPLACH-SOT COSTS 
($1000) 

BUILDINGS      EQUIPXSirr      TOTAL 

3115 1971 5086 

5lh 919 11*93 

B 9013 9013 

79 8281* 1010 929^ 

:0TAL; 130 20986 3900 2I4887 
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J.ABLE C-3 

Analysis Inputs for Part 1 of Model 

Facility:     Iowa AAP   Line 2 

Process:       Current 

ZOIIE POPULATION 

REPLACS-EOT COSTS 
($1000) 

5UILDi:;SS      EgUIB^T      TOTAL 

18 2838 527 336»* 

3290 527 3817 

B 0 9^35 233 9669 

53 1^179 151 1^330 

TOTAL: 71 297^3 lU33 31l80 
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TABLE C-l* 

Analysis Inputs for Part 1 of Kodel 

Facility:  Iowa AAP Line 3 

Process;  Current 

ZONE POPULATION 

REPLACS-EI.T COSTS 
($1000) 

BUILDINGS      E0UIK.SJT      TOTAL 

2930 1689 I1618 

hh 2290 Ilk 21+05 

B nh 61*30 631* TO6I4 

21 11933 1*6 11978 

TOTAL: U6 23582 2U83 26065 
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TABLE C-5 

Analysis Inputs for Part 1 of Model 

Facility:  Milan AAP Line C 

Process:   Current 

RE?LAC2-3I^ COSTS 
($1000) 

Z0:ra       POPULATION      BUILDINGS  EQUIPMSIT  TOTAL 

Ik 552     868      1U2 

A 165 1950     688     2638 

B 151 1657     5^0 .    2197 

777      5     782 

TOTAL:        335 ^39     1320      5760 
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TABLE C-6 

Analysis Inputs for Part 1 of Model 

Facility:  Milan AAP Line D 

Process:   Current 

zo:s POPULATION 

RSPLACE-SvT COSTS 
($1000) 

BUILDINGS  Z.^UIP.'-Err  TOTAL 

17 730 83 813 

56 nho 2hQ 2388 

B 120 2912 812 3725 

62 2138 1317 3^56 

TOTAL: 255 7920 Mo 10380 
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TABLE C-Y 

Analyaia Inputs for Part 1 of Model 

Facility:     Joliet AAP    Group II 

Process:      Picatinny 

ZONE POPULATION 

RZPLäCE-E:^ COSTS 
($1000) 

BUILDINGS    zouxpi-zrrr    TOTAL 

637 98? 1621 

1I4 630 6kh 

B 1366 909 2275 

72 172ij9 2)i6l 19710 

TOTAL: 72 19267 ^S3 2^250 

44 

J-i.i.vl..,a.».i..iir>ir>it<iirftMt»iiiiiiiilMmiiili>rninnr lliiMrirnii B   MgaMgiBMaMMimMIfcÜi ■MHHMIIMi 



HU ijui wmiiiMUJi iiyii p^ppwWPPWWWWBfffffWiWHWTPWW^Wff ""' "'^"^'""r'"" 

»PW»!,vmi«l"(*>fl''W'^'-<! BpVWSV I 

TABLE C-8 

Analysis Inputs for Part 1 of Model 

Facility:     Joliet AAP    Group III 

Process:      Picatinny 

ZONE POPULATION 

RSPLACSGirr COSTS 
($1000) 

BUILDINGS      EQUIP'SyT      TOTAL 

637 983 1621 

B 

Ik 

1383 

630 

9090 

6^ 

2292 

130 201T2 5028 25200 

TOTAL: 130 22206 7551 29S33 

45 
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TA3LE C-9 

Analysis Inputs for Part 1 of Model 

Facility:     Iowa AAP    Line 2 

Process:      Picatinny 

ZONE PQFJIATION 

REPLACS-ZOT COSTS 
($1000) 

5UILDI"GS      ££UIKgg      TOTAL 

637 983 1621 

1U 630 6hh 

3 
1366 909 227 5 

71 30103 2556 32659 

TOTAL: 71 32121 50TS 37199 
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TABLE C-10 

Analysis Inputs for Part 1 of Model 

Facility:  Iowa AAP Line 3 

Process:  Picatinny 

ZONE POPULATION 

REPLACZSNT COSTS 
($10G0) 

BUILDINGS  Z0UI?:':i:.T  TOTAL 

637 983 1621 

Ik 630 6UU 

B 1366 909 P-215 

U6 239^2 3601 275^3 

TOTAL: 146 23960 6123 3"083 
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TABLE C-ll 

Analysis Inputs for Part 1 of Model 

Facility:    Milan AAP    Line C 

Process:       Picatinny 

zo:rs POFJLATIO:: 

RZPLACs-srr COSTS 
(§1000) 

BUILDINGS  ECUIBSjT  TOTAL 

637 983 1621 

lU 630 6hk 

B 1366 909 2275 

ue-o '14 38 :P79 

TOTAL: 335 6357 );O60     11819 

48 
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TABLE C-12 

Analysis Inputs for Part 1 of Model 

Facility:    Milan AAP    Line D 

Process:      Picatinny 

ZONE POFJLATION 

REPLACES,-? COSTS 
($1000) 

■UILDI!:GS    ZCUI?.
,
Z:^    TOTAL 

637 983 1621 

Ik 630 6I4U 

B k-l/h 1798 937 2735 

250-3A 71488 21*33 9921 

TOTAL: 255 993Y 1*983 11*920 
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TABLE C-13 

Analysis Inputs for Part l.of, Model 

Facility:    Joliet AAP    Group II 

Process:      Milan 

zoira POFJLATION 

REPLAGEMEir: COSTS 
($icoo) 

BUILDINGS      gSUIBSj?      -T.0TAL. 

5U2 375 917 

B 65 332 397 

72 16895 13^' 18239 

TOTAL: 72 17502 2051 19553 

50 
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TABLE C-lU 

Analysis Inputs for Part 1 of Model 

Facility: Joliet AAP Group III 

Process:  Milan 

ZOIJE POPULATION 

RZPLACE'E.T COSTS 
($1000) 

E
T
JILDI::GS    EQUIKC:^    TOTAL 

5!+2 375 917 

B 65 322 397 

130 20936 3900 >U887 

TOTAL: 130 '1593 1*607 26201 
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TABLE C-15 

Analysis Inputs for Part 1 of Model 

Facility:    Iowa AAP   Line 2 

Process:      Milan 

RSPLACEMSOT COSTS 
($1000) 

Z0K3 POPULATIOK 3UILDIi:GS      LQUIFlgrT      TOTAL 

v o 5^2 375 917 

71 

65 332 397 

2971+3 1'438 31180 

52 

TOTAL: 71 30350 2^5 ^ 
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TOTAL: 

TABLE C-l6 

Analysis Inputs for Part 1 of Model 

Facility:     Iowa AAP    Line 3 

Process:      Milan 

HEPLACS-EOT COSTS 
($1000) 

ZOIS POPULATION 3UILDIÜGS      E2UIPME.T      TOTAL 

5142 375 917 

0 

BO 65 332 397 

1(6 23582 2U83 26065 

JJ 

1*6 2!4l39 5190 2T379 

1   tmmämmmmmmmmmmimm^m^m^^^^mimitmiK^^^mitKNttMNItti 
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TOTAL: 

TABLE C-17 

Analysis Inputs for Part 1 of Model 

Facility: Milan AAP Line C 

Process:  Milan 

REFLACE-EST COSTS 
($1000) 

ZO-NE        POPULATION      BUILDINGS  E^UIPMErr  TOTAL 

0 

335 

335 

5U2      3T1+      916 

65      332     397 

lh39 i-20     5760 

54 
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ZOXE 

TOTAL: 

TABLE C-l8 

Analysis Inputs for Part 1 of Model 

Facility:  Milan AAP Line D 

Process:   Milan 

REPLACSMEITT COSTS 
($1300) 

POPULATION BIJILD:::GS    zgjmzzrz    TOTAL 

0 5^2 3TU 917 

c.T. 

65 332 397 

7920 

55 

?:.r- 10:^0 
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8527 ---'-'- 1169^ 

Nc:;t   puze   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-l - D-3  Fatalities:  Expected decrease, probability of 
decrease, risk of increase 

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

Tables D-7 - D-12  Replacement Cost:  Expected decrease, proba- 
bility of decrease, risk 
of increase 

Tables D-13 - D-16 Savings Investment^Ratio:  Expected value, 
probabiliLy of 
achieving SIR ^ 1.0 

57 
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TABLE D-l 

EXPECTED   DECREASE    IN FATALITIES 
DURIKG A 1C-YEAB PERIOD IF CUKRENT 

PROCESS IS REPUiCETj BY PICATII.I.T OR MILA1I PROCESS 
(7. OF MANNING LEVEL) 

!EA:i-TI!^:-BETWEEN-EXPLOSIONS FOR CURRENT PROCESS 
(Years) 

to 
o o K 

a 
o 
«? 

K 
O 

w 
cn ^ 
o o 

Q 
l—t 

w 
i 

100 50 10 

100 1.6 3.3 16.5 

50 1.6 3.3 16.5 

10 1.2 2.9 16.1 

Group 2 

Line 2 

Line C 

100 50 10 

3.0 6.1 30.3 1 

2.9 6.^0 30.1 1 

2.2 5.3 29-^ 

J0LIET 

100 1.2 2.k u.al 
50 1.1 2.3 11.7 

10 0.7 1.9 11.3 

IOV;A 

100 1..3 9.0 1M.5| 

50 h.o 8.7 ljli.2 

10 2.2 6.3 142.3 

Group 3 

0.5 

0.1* 

0.2 

1.0 

1.0 

0.7 

5.3l 

5.3 

Line 3 

1.7 4.0 20.1 

1.5 3.7 19.9 | 

0 2.1 15.2 

Line D 
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TABLE D-2 

PR0EA3ILITY 0? DECREASE IK FATALITIES DURIHG A 10-YEAP 
PERIOD IF CUHREirr PROCESS 13 REPLACED BY PICATimiY 

OR MILAII PROCESS 

K MEAN-Tirai-BETWEEIJ-ZXPLOSIOIifS FOR CURHEirT PROCESS 

\ 
CO 
o w 
o 
c 

(Years) 

100 

100 50 10 100 50      •       10 

.09h .183 .638 ! .09^ .187 .653 

^ a 50 .09h .136 .6146 .091+ .153 • 659 

< 10 .09- .172 ' .653 .091* .133 .660 

Group 2 JO LIET Group 3 

i    o I 
1      ft- *-* 
j              H 100 .09U i g^ .65^ .091* .159 .656 

i 

O   V 

o 
50 .09^ .183 .660 .09^ 1 pa 

■ .4, •*/>■/ .662 

10 .09^ .18? .661. .09'* .182 . 6U1 

* 
M 

yi 
!      « 
i      ''• 100 

* 
Line 2 I DWA Line  3 

.09!i .189 .61.7 .094 ■»   C Q .663 

1      ~| 
50 . 09^ .188 .659 .09^ .138 . 659 j 

10 .092 .156 .652 .059 .185 .6^0 

Line C M ILA a Line D 

59 

ill   T-.-«f    ■    -       -^^  IIMII«      f in 1  IMimt^m^mmmiä^millllmmmlltltl^ggm 



TABLE D-3 

RISK OF INCRMSL JV, FATALITIES DURING 
D'JRIIIG A 10-YEAR PERIOD IF CURRENT 

PROCESS  IE  REPLACED BY PICATIKIJY OR MILAN PROCESS 

K 
i       C 

MEAN-Ti:- 2 -3i.W3r: ■-EXPLOSIO::S FOR cuRREirr PROCESS       1 
(Years) 

100 

100 50 10 100 50     .        10 

.000 .000 .000 .000 .000 .000 

1    5 50 .160 .000 .000 .151 .000 1   .000 

!    ^ 
PC 

10 .100 .517 .000 .085 .1+25 .000 

G roup 2 JO LIZ c rroüp 3 

1         ^ 

100 .OZl .000 .000 .089 .000 .000 

C    i) 
i—   >< c: ^^ 
o 

50 . Ohl .159 .000 .15^ .07^ .000 

1    S 10 . 358 .128 .000 .51?      1 .1^5 .067 

Line 2 I DV:A Line 3 

1C0 100 . 1., J .000 .000 .100       1 .079 . 000 

50 .C65 .CSO .000 .151 . 120 .027 ( 
1 

^ 
10 . 6l0 •T ■■■    ^ .197 . 60-:    1 .266 ■•mi 

Lino C 
, ,—_  ... Line D 

■■. d.  -- -   -   - -—. -         -^—^^. 
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TABLE D-4 

EXFICTZD   DECRZAS.-:    IN DISABLING INJURIES 
DüRi;;a A ic-ri;-'. PERIOD IF CURRENT 

PROCESS  IS  REPLACE: 2" PICATINin' OR MILAN PROCESS 
(%) 

\ :^A:;-T I:-:I-BETWEEN-EXPLJOIONS FOR rJRRENT PROCESS 

\ 
y 
o 

(Years) 

100 

100 50 * * 100 50 10 

1.0 2.9 r.i 1.3 h.h 30.3 

50 0.5 2,1* "1 c. 'J — "^ • • 0.5 3.5 26.1 

Ü 10 -3.2 -1.3 l*5»? -6.2 -3.2 19.^ 

Group 2 J0LIET Group 3 

o 
ft, ^ 

100 0.14 1.5 ■• ^ 0.3 1.0 7.5 

C 
50 0.0 l.l 3i 7 0.0 0.7 7.2 

s 10 0.7 1.9 '. D r2.h -1.6 1.8 
i 

Line 2 I 0WA Line 3 

1 100 u, 5 9.1 1.1 1 
30.9 

i— 50 1.2 7.0 J^^O -0.5 0  g 29.3 

10 -I6.I -10.3 -13.5 - ' 0. ^ 16.3 

Line C '•• ILA li Line D 
• 
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TABLE D-5 

PROBABILITY OF DECREASE   III DISABLIIIG INJURIES 
DURI:;G A IO-YEAR PERIOD IF CURRENT PROCESS 

IS REPLACED BY PICATIiriY OR MILAi: PROCESS 

I.EAIJ-TÜ-E-BSTWEEJ-EXPLOSIOIIS FOR CURRZin PROCESS 
(Years) 

to 
CO w 
o o 
OS 
CM 

i- 

o 

s 
o 

n 

O   HJ 
M >i 

d 
►J 

fe 
W 
i 

fS 
i 
c? 
M 
--< 

I 

100 50 10 

100 .088 .175 .6Uo| 

50 .08? .175 . 617 

10 .079 .157 .591 

Group 2 

Line 2 

Line C 

100 50 10 

.039 .173 • 652 1 

.083 .173 .616 

.062 .153 .5^5 

JOLIET 

100 .033 .173 .630| 

50 .086 .172 .609 

10 .063 .Tl.3 .543 
| 

IOWA 

100 .055 .170 . 627 | 

50 .087 .172 .631 

10 .072 .15? .632 1 

MILAii 

Group 3 

Line 3 

Lne D 

.058 

.086 

.072 

.1-71 

.163 

.1547 

.652 1 

.6U2 

.579 

1   .Coo .172 .631 

.033 .170 .616; 

1   .062 .136 .553 
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TABLE    D-6 

RISK OF INCREASE  TN DISABLING INJURIES 
DURING A  10-YEAR PERIOD IF CURRENT 

PROCESS IS REPLACED WITH PICATINI.T OR MILAN PROCESS 

I.E.AI:-TI:.2--BETVEZ::-EXPLO3IO:;S FOR CURRELT PROCESS 

(Years) 

k 
K 

O 

c: u 

c o 
r. >* 
c 
-4 
C- 

R 

i 

I 

ICO 50 10 

100 .081 .079 .033 

50 .15^ .133 .0U5 

10 .517 .527 .230 

Group 2 

Line 2 

Line C 

100 50 10 

.082 .080 .030 

.155 .1314 .073 

.556 .5^6 .238 

JOLIET 

100 .053 .079 .0!,D 

50 .156 .l)i6 .076 

10 .582 .536 .272 

IOWA 

100 .091 .0V9 .0i3 

50 .1^7 .133 .061 

10 . 570 . 50i .19: 

i'to. A-trv^i 

Group 3 

jine 3 

Line D 

.083 .079 .036 

.086 .151 .066 

. 570 .516 .251 

.352 .076 .cW 

.053 • 139 .07-   j 

. 538 .263   i 
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TABLE D-7 

EXPECTS    DECREASE  III REPLACEMENT COSTS 
(DISCOUirTED 10,^ PER MUKTA) DURIIH A IO-YE.W PERIOD 

IF CURFi::^ PROCESS IS REPLACED BY PICATILTi PROCESS 
($1000) 

:.2v:-TIME-BETWEEIJ-ZXPLOSI0nS FOR CURRENT PROCESS 
(Years) 

CO 
CO 

Ü o 
K 

o 

s « 

o 

tr.  ^ 

d   b 
M   >-l 

w 
J 
si 

100 50 10 

100 198 657 huh 

50 8 I467 392U 

10 -1553 -1091- 2363 

Group 2 

Line 2 

Line C 

100 50 10 

290 87^ 5311 

80 66!^ 5100 

-19^1 -1357 3080 

JOLIET 

1C0 166 6U'f ue5o 

50 -102 311 U300 

10 -PI?1 -iQUh 2159 

IOWA 

100 112 1(65 3162 

50 -79 275 2972 

10 -1576 -1222 1.75 

i'iXi-tA.i 

Group 3 

Line 3 

ijino J 

lh6 575 Itool; 

-65 361 37 90 

-211»; -i-:6 ITU 

16 265 2377 

-UU Ik 21871 

-1723 -ivrs 633 

6.'* 
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TABLE D-8 

EXFECTET) DECREASE     IN REPLACE:^:^ COSTS   (DT3C0UIITED 
10% PER Ai'.'irjM)  DUBI"! A 10-YEAR PERIOD IF CURREIfT 

PROCESS  IS REPLACED 3Y t-ÜLAII PROCESS 
($1000) ( 

?!EA!f--TIME-3STWSE:i-iDCPLOSI0riS FOR CURRETrT PROCESS 
(Years) 

u o 
EC 
(X, 

o 

o 
tu '~> 

O   ü 

CO 
I 

100 50 10 

100 2'.9 708 4166 

50 96 553 »4013 

10 -116!. -705 2752 

Group 2 

Line 2 

Line C 

100 50 10 

335 920 5358 

118 702 511*1 

-1562 -998 3Uo 

JOLIET 

100 252 71 O 
1 -i-C_ 1715 

50 12 ^92 14^95 

10 -1713 -1239 2765 

IOWA 

100 19? rr~ 
S y -> -•251 

50 -7 n 
1 * -27 iL24 

10 -m -.',"' ::256 

Group 5 

Une 3 

Line D 

215 6Ä 407^ 

17 I4I46 3876 

-1517 -1088 23!*3 

102 350 2V^ 

^5 2305 j 

-1192 -0^'. 1170 
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TABLE D-9 

PROBABILITY OF  DECREASE    i'j REPUCE^IIT COSTS 
DU?.i:.a A 10-YEAR PEHIOD IF CJRREIIT PROCESS 

IS REPLACED BY FICATimri PROCESS 

•.z;--7r^-3ErvEE:{-EXPLOSioi:s FCR cuRiVrirr PROCESS 

(Years) 

P. 
a o 
a, 

K 

O 
ft. '"> 

Q 

^ 
K 

100 50   _ 10 

00 .093 .175 .616 

50 .091 .171 .602 

10 .067 ■> 25 

Group 2 

Line 2 

Line C 

100 50 10 

.093 .nh .628 

.091 .172 .617 

.078 .129 .552 

JOLIET 

100 . 092 . ->-1 •• .6^* 

50 .059 . 171 .625 

10 .07-, . 12- .516 

IOWA 

CO r r.'- . 627 

50 . 0Ö3 .3 67 .5wo 

10 . 067 .115 .533 

MI LAI 1" 

Group 3 

Lins 3 

Line o 

.092 

. 091 

.066 

.174 

.171 

.112 

.6214 

.62:4 

• 'JO  1 . 1 n .6'^ 

.0::- . i63 

.05:» . 106 .14 ?T ; 

66 
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TABLE D-10 

PROBABILITY OF DECREASE    IN REPLACBEIIT COSTS 
DUBIUG A 10-YFAR PERIOD IF CURREJJT 

PROCESS IS REPLACED BY KIL'JI PROCESS 

\ MEAI.'-TI •2-BJETWSEI ■-EXPL03I0LS FOR CURREir: PROCESS          j 

\ 
(Years) 

CO 

o 
100 

100 50 10 100 50 10 

.0?3 • 175 . 627 .093 .17- .603 

50 .092 .177 .625 .093 .173 .613 

o 10 . CB'i .156 .53'' .083 .139 .895 
1 

C iroup 2 JO LIE T             Croup 3 

100 
2 — 

* 1,' 3 . b>2 . 092 .~""- .6:3 

C   P 

Cj  »^ 
50 .037 : 7; . 63-* .092 .173 .6:.o 

10 .07^ • ! ' * . .573 .030 . -.-6 . '-(o 
W ■ 

i 
Line 2 I DWA Line 3 

1 
1 100 • "90 . :71- .6^1 

■ ■ 

.09: . 1 ;'2 .6.V9 
l \ 

I j           j 

1 
50 . 092 .167 .609 . 036 .170 .«.; 

10 . Q7:- .iys • 591 '   ? "7 

■5l!'! 

Lina C MILAI,' JAne 0 

D| 
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TABLE   D-ll 

RISK OF I1TCREASS Ii: R^LACEI-^irr  COSTS DURING 
A 13-YEA? FEHIOD IF CURFE::? PROCESS 

IS REPLA.CED BY PICATiniY PROCESS 

ME^-TU-S-BSTS'-EXPLCSIOirS FOR CURR^ PHGCESS 
(Years) 

o o 

C.: 

r. 

c 

I 

-oo 50       _ 10 

100 . 092 .076 .013 

50 .168 .151 . 079 

10 .06 .576 .315 

Group 

.ine 2 

;e ^ 

100 50 10 

.095 .090 .0^0 

.163 .1141 .07? 

.570 .573 .239j 

'OLIE' 

100 :öV6 .C--3 "1.; J 

50 .173 1 r' . OS" 

10 1: R 3 .-■ 

[O'rtA 

GO . 096 . 'J '0 .0 •: 

50 .173 .1-0 . ?9^ 

10 . '/-•'• 
1 

Group 3 

, 097' 

.159 

.619 

.056 

. 592 

.0U1 

.077 

.313 

Line 3 

.100 .ohh 

.175 • ■--' — 
. 05?' 

1 

.590 *   J  ■   - .3^8, 
1 

!,0 

-- —-'■"--■ -■■  a^g j 
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TABLE D-12 

RISK OF IIXRSASE 11! REPLACEMENT COSTS 
DURING A 10-YEAR PEFIOD IF CURRENT 

PROCESS IS REPLACED BY I-IILAK PROCESS 

K MEAH-Tl ̂  -Birrwssc -EX?LO3IC:;S POR cuRREirr PROCESS 

\ 
(Years) 

o 
1100 

130 50 10 100 50 10 

.091 I     .083 .O'+l .092 .085 ,   .0142 

1 50 .170 .1U6 .073 .151 .IVT .076 

10 .5-9 .^67 .29U .569 .569 .105 

Group 2 JO LIE T Group 3 

§ 
i ^^ ICO .096 .055 • 035 .095 .089 .033 

c o 
50 .164 .152 .069 .153 .:.'-3 .050 

1 

10 .605 .5'-l .236 .555 .573 .320 | 

1 ^ 
2 

Line 2 I DWA Line 3 
! 

l     ^ ICO . J? - .019 .056 ^C ^ 'j 
U 
7   * 50 .167 .156 .076 .173 • * > _■ .07^     | 

1     ! 

i 10 .567 .1430 .158 .625 .533 .30U 

Line C !•: fc*^rv *t Line D 
• 
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TABLE D-ll 

E>:P~C'!'ED SAVI!:GS Hfi.'B3T!·!.l:2:1' RATIO (SIR) 
!:TJF:!::·:; .:.. lQ-U:.~.R i>E?IOD IF Ct.JP.R~~T 

PRG::ESS LS ~£PLACE!> 3Y FICA1'J!::rr PROCESS 
( CC'STS DISCOlJ!lTED 10~ PER AlifruM) 

!-Z~:-T~!·:E -&~;&Z;-~LCS:o:~s rOR Ctr.UlEi:l' P~CCZSS 
(Years) 1\ 

~--------------------------------------------~ 
:oo ~0 1J 1CO 50 10 

100 0.01 0.04 0.02 0.06 0.35 

50 o.oo 0.03 '.).26 0.01 o.o~ 0.33 

!0 0.20 

Group 2 JO:.IE':' Group 3 

100 o. :n 0. f\ 1! 0.30 0.01 0.04 0.26 

50 0.02 0.29 0.00 0.02 0.25 

10 0.14 
i 

0.11 ~ 

Lir.e 2 IO't:A Line 3 

2 
O.l5l .. 

-~~ t. ·J" r -- ,.. r, ,.., 0.00 o . . 2 •'-'v ~-· · - , . .) ~ •) . ,::: v 

.. 

50 I 0 . 08 
;} • ')2 0.19 ~ 

.., , C.l4, 
'l 

..; . •_. "" 

10 - 0. "i.O o. 04j ,. 

.. ·, 

i.:1:c c 
····~· 

~!.:-.~ l) 
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TABLE D-14 

EXPECTED SAVIKG3 IIIVESTMEI.T RATIO   (SIR) 
DURI::G A IO-YEAR PERIOD IF a'RREirr PROCESS 

IS REPLACED BY MILAII PROCESS 
(COSTS DTSCOUIITED 10% PER ANHUM) 

K i-EAij-Ti'-s-äiVWisr -EX?LOSIC::S FOR 
(Years) 

CURRELT PROCESS          j 

1      ^ 

100 50 10 100 50 10 

100 0.18 0.52 3.03 0.214 0,67 3.90 

50 0.07 0.!:0 2.92 0.09 0.51 3.7l4 
j 

! s 
5 10 - - 2.00 - 1 

| 2.51 

trz Group 2 J0LIET Group 3 

100 0.17 0.32 3J-3 0.16 0.U6 2.97 

50 0.01 0.36 3.27 0.01 0.33 2.82 

1        " 

1    - 
S      i 

•2 

10 - - 2.01 - - 1.71 1 

Line 2 I 3WA Line 3 

1     ^ 

i j-Cu 
-11C 2.37 0.07 C.26 1.79 

:.-< 50 o.05 0. ^1 2.?8 - 0.15 1.69; 

'      '? 
10 - l.O - - 0.85 

Lir.o C % - 
LLUX *t Lir.e u 

n 

-■■1   1   ,   ntmmmam^mtm^^^tt^a^m 
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TABLE   D-15 

PROBABILITY  OF ACHTE\rII}G OR SUTiPASSII.'G A SAVINGS 
Iir/ESTtSI.'T RATIO OF I DURTIIG A IO-YSAP PöIOD 

IF CUHREI.T FROCEoS  IS RSPLACI'D BY PICATIKIiY PROCESS 
(COSTS DISCOUinED 10^ PER AKHUI.1) 

\ 

'.■xpdl-ll -EXPLOSIOI.'S FOR 
(Yearo) 

CUPREI.T PROCESS 

1C0 50 10 100 50     10 
g 
pH 

100 0 .001 .O'JC .001 .004 .098 

r * 

50 0 .001 .032 . 001 .002 .05a 

it 

10 0 .001 .033 .001 .002 .066 

Group 2 JO LIE r-i Group 3 

s 
t: 100 0 .001 .0^2 0 .001 .033 

O 
50 Ü .00] .037 0 . COl .0'-9 

r 

t 

10 0 .001 .028 0 . 0 J - .026 
•  1 

Line 2 I DV.'A Line 3 

1 100 0 0 .018 0 0 .001 ". 
1       1 

1 
50 0 0 .013 0 0 . '■ 11 • 

10 0 0 .011 0 0 .00.1 

Line C 4^ ILA Line 0 
1 
1 

1 

■ -    -- - r       ■   ■ 
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TABL3  D-16 

PROBABILITY OF ACHIEVIIJG OR SUPPASSIIIG A SAVINGS 
i:rrzsz:^:v: RATIO OF I DURING A IO-YEAR 

PZ"3_OD  Tr' C'J^-H"^ 'D^r|CE30 Ir  R^^L-CED V.ITH 
miAU PROCESS   (COSTS DISGOUIJTED lOjS PER Ai.'NUM) 

\ w;."-'-- :-^-BE7Wru", ^ "Z*/^ AJOO-1 witO     * WAA     L ur^Errr PROCESS 

\ 

(Years) 

10? 50 10          103 50 IG 
c 

—(, J .003 .169 .627 .090 .17^ .608 

~ ^ 
s^ .Co^ .171 .625 r>QO .173 .613 

.076 .136 .53^ .033 .139 .563 

Group 2 JO - TT Group 3 

IZZ .093 .1-3 .652 .09: .173 .638 
K   c 
C   i. 
7: ^ 

1 

53 

10 

. LO ( .169 

. 578 

. 090 

.065 

.173 

.156 

.61:0 

Line 2 I ̂  M /i Line 3 

. "'"Ö . -cC .052 .. l-t I .627 
* 

-T
 1 

M
i' 

; J . 0 ! 9 • ~ y S .609 . C8l .12.1 .535 

10 %'*'-> • - - > • 5:-: -*]i£ .109 .1.52 

Lir.e C ^ iLA «1 line D 1 
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APPENDIX E 

CASUALTY-DAMAG1'   ZONES 

The safety pccential  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*: 

UN BARRICADED 
QUANTITY-DISTANCE  FROM 

MELT-POUR 
PROCESS 

MAXIMUM EXPLOSIVE 
LIMITS   LN MELT-POUR 

BUILDING   (lbs) 

MELT- 

Intraline 

450 

-POUR BUI 
(Feet) 
Inhabi 

LDfNG 

ted  Building 

Current 15,000 990 

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. 
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/.ONE 

X 

A 

ARliA 

Melt-pour building 

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  rich 
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-l   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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