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‘l’ SUMMARY

An economic analysis was undertaken to select a site for construc-
tion of RDX/HMX explosive products. Moblization Levels II and III were
considered for FY 1975 (retention) and FY 1976 through 1980 (modern-
ization and expansion) to determine the need for expanded capacity.

This investigation indicated the need for addition of one to three lines
to produce RDX/HMX products.

For purposes of analysis, a four-line and a two-line facility were
considered for production of Composition-B (Comp-B) exclusively and
for other RDX/HMX products. A 13 year program period was considered--3
years of construction followed by 10 years of operation. Operating
levels were varied throughout the operating period. The levels of
operation varied from shutdown to maximum capacity. In all, 125
variations in the schedule for the 10 years of operation were inves-
tigated for each case of product mix and facility capacity. Newport
Army Ammunition Plant (AAP), McAlester Naval Ammunition Depot (NAD),
and Hawthorne NAD were the candidate sites. Newport AAP was previous-
ly chosen as the "best" location among another set of candidates;
McAlester NAD and Hawthorne NAD were proposed as later considerationms.

A ranking based on present value was determined for these candi-

. date sites. This was followed by a risk analysis and sensitivity

analysis. The present value analysis was based on 107 discounting

of cash flows over the 13 year program period. The risk analysis was

based on uncertainties in the cost estimates and was limited to a

determination of risk of erring in choosing the least-cost site. The

sensitivity analysis addressed variations in the major cost elements:

construction, materials, labor, utilities, and transportation.

Newport AAP was ranked the least-cost site, based on the cost
estimates; however, the selection of Newport incurred a significant
risk of error when compared with McAlester NAD. Hawthorne NAD was

» not in contention when compared with either Newport or McAlester.

There was virtually no risk in choosing either of these sites over
Hawthorne NAD. The risk of erring in the choice of Newport was further
illustrated in the sensitivity analysis. Variation of 5% in construc-
tion costs and 10% in operating costs could reverse the order of rank-
ing of Newport and McAlester in selected cases. It was recommended,
based on the data available, that Hawthorne NAD be rejected as a
candidate site based on economics and that the selection between
Newport AAP and McAlester NAD be subjected to further analysis based

on other data than the ecdonomic criteria.
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DISCUSSION OF PROBLEM
BACKGROUND

In the s8pring of 1973 the US Army Munitions Command - Operations
Research Group (MUCOM-ORG) was requested by SMUAP-MT to conduct an
economic/cost analysis of various candidate sites for construction and
operation of a Composition-B (Comp-B) facility. This facility was to
have been designed to include four lines with a 7,500,000 1lbs/mo/line
capacity for production of Composition-B. In addition, only those sites
which would have the potential to accomodate six lines, i.e., two
additional lines, were considered as candidates. This study was
completed by MUCOM-ORG and forwarded to SMUAP-MT on 2 July 1973.

The analysis resulted in excluding all but four of the proposed
sites on the basis of cost and economics. Of the remaining sites--
Longhorn AAP, Lone Star AAP, Newport AAP, and Milan AAP -- Longhorn was
determined to be the least-cost site. On the basis of these results
the Comp-B Site Selection Committee evaluated these four sites on
non-economic and non-quantifiable economic criteria. Milan and Lone
Star AAP's were eliminated due to problems associated with water
quality and availability. Employment, availability of fuel, and cur-
rent production technology were among the factors used to differen-
tiate Newport AAP and Longhorn AAPl. The committee then endorsed
Newport AAP as the recommended location of the proposed facility.

As a result of local economic impact because of reduction of
military related production and the emphasis on joint service coordi-
nation of ammunition facility programs, an interest in potential sites
other than those adressed in the 1973 study was indicated. This
interest was formalized on 4 October 1973, when the CG, US Army Arma-
ment Command (ARMCOM) directed that Naval Ammunition Depots (NADs)
be considered as potential sites for this facility. The Industrial
Management Division (AMSAR-PPI) responded by initiating a study which
included McAlester NAD, Hawthornme NAD, and Crane NAD, as well as New-
port AAP. The Systems Analysis Office (AMSAR-SA) was then requested
to conduct an economic/cost analysis for selection among these sites
of the location for the Comp-B facility. It was specified that the
analysis conform to the original MUCOM-ORG study in basic assumptions
and method. The result of this request is the contents of this report
which varies from the earlier study only in scope and some changes in
reporting format.

1DF from Composition-B Site Selection Committee, Subject (SMAUP-MT-C):
Site Selection for a 4-line expandable to 6-line (7.5 million pound
per month per line) Composition-B facility, dtd 1 June 1973.
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Although the specifications for the study were directed at selec-
tion of a site for locating a Composition-B facility, it was recognized
that this directive might be in conflict with guidance set forth by
the Department of Army“. The area of conflict was in determining
the necessary requirements to justify expansion of Composition-B
production capacity. As early as the first quarter of FY 74, it was
noted that the expressed need for a Composition-B production base was
being relaxed to two lines due to changes in quantity of rounds to be
filled and the type of explosive used as fill, e.g., the incorporation 5
of AMATEX for mobilization fill. With the publication of the Produc-
tion Base Plan (PBP) for FY 75 (Retention Study)3 and the proposed
mobilization—-expansion criteria of the Production Base Analysis (PBA)
for FY 76-80°, the requirement for Composition-B facility expansion
was eliminated. This resulted from the assignment of Composition-B
production exclusively to Holston AAP.

Recognizing that Composition-B was only one, although the pre-
ponderent product dependent upon RDX availability, the total problem
of RDX/HMX production capacity was examined. When the Composition-B
production was assigned to Holston the mobilization production require-
ments for other RDX/HMX products were left partially unsatisfied.
Based on current retention policy (FY 75 PBP)3, there is a deficiency
of the order of four lines; however, the proposed modernization and
expansion policy (FY 76-80 PBA)" reduces this deficiency to the order
of two lines. Because of the changing requirements, products other
than Composition-B were considered in this analysis as well as capac-
ities of less than four lines.

PROBLEM STATEMENT

The Comp-B site selection study is to be expanded to consider Navy

2Policy and Guidance for Preparation of Part 1 of the AMP, Change 1, .
(Para 9-4-2 DCSLOG), 18 June 1973.

3Production Base Plan for the FY 75 Planning Period, US Army Armament
Command, Rock Island, Illinois, 31 Dec 1973.

4Production Base Analysis for the FY 76-80 Planning Period, US Army s
Armament Command, Rock Island, Illinois, (Currently in publication
and subject to approval.)

12




Ammunition Depots as potential candidates for Comp-B production activity
and perform an economic-cost analysis to aid in the selection of a site
for construction of an RDX/Comp-B facility. This analysis is to be
consistent with the analysis performed to support the original Comp-B
site selection reported June 1973.

Evaluate the site selection problem in relation to changing
mobilization requirements. This evaluation will consider the mix of
RDX/HMX products as well as the facility capacity requirements.

SCOPE OF PROBLEM

O Sites Considered - Four candidate locations were specified for
consideration in the study:

Newport AAP
McAlester NAD
Hawthorne NAD
Crane NAD

Crane NAD was eliminated as a potential site prior to start of the
economic analysis because of negative response by the plant commander.

Mississippi Test Facility (MTF) was also included in the study to
illustrate possible effects of expanding the number and location of
the specified sites.

© Type of Facility - The facility was originally specified as a
producer of Composition-B only. Subsequent analysis of Mobilization
Requirements for the FY "76-~80" time period led to consideration of a
facility producing RDX/HMX products other than Composition-B.

© Facility Capacity - The original specification was for a four
line capacity expandable to six lines. Each line was to be sized for
a maximum production rate of 7,500,000 1lbs of Composition-B or
4,500,000 1bs of RDX equivalent per month. The analysis of requirements
led to further investigation‘of a two-line facility.

METHOD OF ANALYSIS ‘

Requirements.

The planning for expansipn of the munition production base is
directed by the mobilizatior) requirements. In general, the guidance
provides that the base must pe expanded to provide for Level II
requirements and may be exp:lided to provide for Level III

13




requirementsz. The requirements for Composition-B and other RDX/HMX
products were extracted from the FY 75 PBP3 and from the PBA for FY
76-80% for these two levels. The Composition-B requirements could be
obtained from a single schedule in these references. The requirement
for the other RDX/HMX products, on the other hand, were composed of .
several schedules. The RDX/HMX content of these items were added

together to determine the requirements for this product mix. The

various compositions and their RDX/HMX content are outlined in Table 1.

TABLE 1. RDX/HMX PRODUCTS OTHER THAN ‘
COMPOSITION-B CONSIDERED
RDX HMX
Content Content
Explosive Percentage Percentage

Composition A3 91.7
" A4 97.0
a A5 98.8
" A6 86.0
z C4 91.0
Cyclotol 70/30 70.0
PBXN201 83.0
PBXN4 80.0

PBXNS 95.0

Site Selection.

General.

The investigation included analysis of costs peculiar to the
candidate site and the associated cost of inbound and outbound trans-

portation. Schematics of the material flow process are illustrated
in Figures 1 and 2. ’

The construction and operational costs other than transportation
are functions of the particular site under investigation and the
facility labor, utility, and material requirements. The transportation
costs, on the other hand, depend on the site investigated, the location
of the materials, and destination of the products.

210c. Cit.
3Loc. Cit.
%Loc. cit.
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The distribution of product was fixed among selected sites and,
therefore, the outbound transportation was predefined for a given site
and level of operation. The materials were selected from among several
sources. Since the purchase cost of each material was undifferentiated

) among sources and the supply of material was unlimited within the
scope of the problem, the selection of sources was determined exclu-
sively by the minimum cost of transportation.

The study consisted of analysis of the following major cases:

Facility Capacity Product Mix

© 4 lines Composition-B only
O 2 lines Composition-B only
© 4 lines RDX/HMX Products*
© 2 lines RDX/HMX Products*

*other than Composition-B

Within each of these cases, 125 operation schedules were evaluated.

These schedules were defined by dividing the 10-year duration of oper-
. ation, i.e., years 3 through 13 (construction was assumed to take place

in the first 3 years) into three time periods. These time periods con-

sisted of years 4 through 7, years 8 through 10, and years 11 through

13. 1In each of these periods, operation was varied from 0 to full

capacity in the following increments: 0%, 25%, 50%, 75%, and 100% of

the maximum production rate. All combinations of these production

levels among the three time periods were analyzed. Table 2 is an outline

of this procedure.

The method followed was exhaustion enumeration of each site at all
125 levels of operation for each facility-product mix case. The
3 computations are explained below. The program flow charts are illus-
trated in Figure 3.

17




TABLE 2.

CALCULATIONS PERFORMED FOR EACH

SITE-FACILITY-PRODUCT MIX CASE

Construction
Amount of Total
Investment Spent

Level of Operation,

Operation

Percentage of Maximum Capacity

Phase (Percentage) A B G
Period-Year 1 2 3 4 5 6 718 9 10 i 12 13
Level of 20% 40% 40% 100% 100% 100%
Expenditure 75% 75% 75%
or Operation 50% 50% 50%
Considered 25% 25% 25%

0% 0% 0%
Calculations | Fixed for each Each level Each level] Each level
calculation with all with all with all
combina- combina- combina-
tions in tions in tions in
B&C A&C A&B

18
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Model Logic.

Nominal Cost Ranking.

The various sites were ranked according to

present value of the total costs for various combinations of facility-
capacity and product mix and for the 125 levels of operation. These
costs were computed by addition of the point estimates assigned to each
of the cost categories. The categories considered were as follows:

(o)

(o]

Construction

Materials (direct)

Labor (direct and supervisory)
Utilities (direct)

Transportation (outbound and inbound)

The present value cost was expressed as:

where

Risk Analysis (Cost).

Q
I

= total present value cost at site/facilities

Cy = present value cost of category i at facility j

-
"

set of cost categories

(4
]

set of site-facilities

(1

The risk of erring in the choice of the least

cost site, if the site with the lowest present value cost is selected,
was computed at various production levels for each facility-product

combination.

selection was dependent upon the uncertainties associated with the

estimated costs.

Candidate sites were compared, one at a time, with the
site exhibiting the lowest present value cost.

Since the degree of uncertainty was not explicitly

The risk associated with

provided as part of the input data, the level of uncertainty was assumed

subject to the approval of the study action officer.

A tolerance ex-
pressed as a plus or minus (1) value about the point estimate was assumed

for each cost category. This| tolerance was expressed as the fraction
of the 95% confidence level. The normal distribution was assumed.

uncertainty in each individus
"statistical" variance comput

cost component was formulated as a
:d as follows:

|
|

| 24
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v, . = | Ci,j*f1
(2)

where
Cy j - present value cost of category 1 at site-facility j,
)
Vi, = variance about cost category i at site-facility j,

4

tolerance about cost category 1,

number of standard deviations associated with "f".

r

The variance about the total nominal cost at each site-facility was
expressed as the sum of the variances, assuming independence of the
various cost categories. This relationship was expressed as follows:

Vj = i)élvi,j for all j!-:J (3)
where
Vj = the variance about the nominal total cost at site-
facility j,
vi,j = the variance about cost category i at site-facility j,
I = the set of cost categories,
J = the set of site-facility combination.

The probability distribution of the cost difference between two
sites, one of which was the nominal least-cost site, was analytically
determined. The mean value was expressed as the difference of the
individual means as follows:

AC*; = C4-C* (4)
where

AC*J = cost difference of cost at site facility j less the
cost at the least-cost site,

C* = mean (nominal) cost at the nominal least-cost site-
facility,
Cj = mean (nominal) cost at site-facility j.

25




The standard deviation about the mean cost difference ( AC*j )
was computed:

o*jévéi + o} +2xpxojxo* (5)

where
0 = the standard deviation,
p = the coefficient of correlation.

This expression reduces to:

O 4 = 03 + c§

(6)
when the costs are assumed to be independent, i.e., p=0 and the
expression pyOxxo—> 0

The risk of error in choosing the least-cost site if the nominal
least-cost site is selected is then determined by integrating the
probability density function as defined by parameters: mean = AC%,,
and standard deviation = O*j, between the limits AC = 0 and AC = +l
(as shown below).

I
dP (C4>C*) !
|
d (AC*4) |
3 |
|
|
] =
—_— AC*j 0 +®
<« AC >
Sensitivity Analysis (Cost). The sensitivity analysis was conducted s

by varying the nominal values associated with the cost categories. As

a computational expediant, the costs dssociated with the Newport AAP

site were subjected to change. The changes were expressed as percentage
changes in the Newport cost for a given category or categories. Newport v
was chosen as the reference for the sensitivity changes since it was

nominally the least-cost site for all cases of facility capacity and

product mix. After the adjustment of Newport costs, the calculation

of nominal total cost analysis and risk were, again, conducted as

described above.

Cost Considerations.

26




The construction cost was considered to be expended as follows:
O 20% in year 1

o
407 in year 2
© 40% in year 3

The remaining cost (recurring costs) were estimated at the maximum

® four lines production on an annual rate basis. These costs were
prorated on the basis of production level for variations in operating
level.

e costs were discounted at 10Z per annum in accordance with AR
37-13°, to determine the present value as

Cj yE
PV = E X 1 - + 1 g ,
2 a+1) ()
tET (7)

where

PV = present value of the cash flow for site-facility j
based on mid-year computation of discounting,

Cj,e = the sum of all cost categories for site-facility j
in time period t,

i = the annual discount rate (in this problem i = 10%),
t = the time period,
T = the set of time periods, i.e., the time duration

over which the project is evaluated (in this case
T = 13 years: 3 years construction and 10 years
» operation).

The time frame was based on a project go—ahead at t = 0 and summed
over the total project time period (T = 13 years).

The averaged cost of matgrial, exclusive of transportation costs,
was considered site to site.| However, since it was realized that there
could be real, but unknown, Aifferences in site-to-site costs of the
various materials, a statist]cal variance was imposed on the average
value to account for this unqertainty.

5AR 37-13, Economic Analysis)and Program Evaluation of Research
. Management, April 1973.
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Although the material costs did not contribute to the ranking
based on present value costs; they were considered in calculating these
costs since they were also used in computation of risks. This rational
was applied to all materials except TNT.

TNT is a government furnished material (GFM), and its cost was
considered not to be variable site to site.
ance was applied to its cost and it was not considered in either
computation of risk or present value cost.

For this reason, no vari-

The above treatment applied only to the purchase cost of material.
The cost of transporting material, including TNT, was considered in the
computation of cost and a variance on transportation cost was assigned
to account for its uncertainty in computing risk.

The ability to treat total transportation costs proportional.to
production was a decided advantage in simplifying the construction of
the model. This treatment was possible since it was shown that the

total transportation cost was highly correlated with level of operation.

The sum of inbound and outbound transportation costs at various levels
of operation was computed as a fraction of total transportation cost
for each site, facility and product combination. This sum was com-
pared to the associated fraction of maximum operation. The linear
correlation coefficient was computed from the Product-Moment formula.
The resultant coefficients are shown below, based on five observations:

0, 25%, 50%Z, 75%, and 100% production levels.

Site

Newport AAP
McAlester NAD
Hawthorne NAD
Newport AAP
McAlester NAD
Hawthorne NAD

Product

Composition-~B
Composition-B
Composition-B
RDX/HMX Products#*
RDX/HMX Products*
RDX/HMX Products¥*

*exclusive of Composition-B

Correlation
Coefficient

.9988
.9999
-9999
.9958
.9997
.9695

The confidence in the linearity and correlation with production

level was subjected to the students '"t'" test.

It was hypothesized that

transportation costs and production level were not significantly
correlated. For three degrees of freedom it was shown that the hypoth-
esis was false at 1% significant level.

Based on the above computation and tests, the direct proportion-
ality between transportation cost and production level was assumed.

The cost data used in the analysis of the two line facilitdes was

estimated, using the four-line facility data as the basis for estimation.
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The six-tenths power rule was used for scaling costs of chemical production
facilities®.

i.e., .6
- 0
C. q (8)

Maximum recurring costs were considered directly proportional to
capacity,

i.e., EQL_= —gg ’
Cs Qq (9)
where
C = cost value
Q = design capacity
2 = two-line facility
4 = four-line facility

The labor cost at each site was computed using the common require-
ments for direct (non—exempt7) and supervisory (exempt7) for a four-
line facility and the direct and supervisory wage rates based on a
forty hour week. Labor cost was considered to be proportional to
production. The variation over and above that explained by this point
estimate was considered by assigning a variance to account for un-
certainty.

The cost of utilities was computed in a manner similar to labor
cost. The computation of utility costs considered the common utility
requirements and the utility rates applicable at the various sites for
the four line facility. Utility costs were considered to be propor-
tional to production. The variation over and above that explained by
the point estimate of utility costs was considered by assigning a
variance to account for this uncertainty.

Assumptions

6Chemical Engineer's Handbook, 4th Edition, McGraw and Hill Publishing
Co.

7p1.93-259, Fair Labor Standard Act.
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O Total cost variation from site to site are function of the
following cost categories:

Construction
O Materials (direct) 5
© Labor (direct and supervisory)
© Utilities (direct) g
)

Transportation (inbound and outbound)
© The process and the related labor, material and utility re-
quirements would be equal among all sites.

Chemicals are available at the location of the facility and
transportation costs are insignificant except for those with limited
producers; in which case, transportation costs are considered.

© The relative differences between recurring costs would not vary
with time.

© variations of + 10% of the nominal value for construction,
material, labor, and utility and + 15% for transportation are sufficient
to describe the uncertainty in these estimates at 95% confidence.

O All recurring costs are directly proportional to level of

production for a given site-facility-product combination (see above
discussion of Cost Consideration).

© There is no terminal values of the facilities.

DATA

Mobilization Reguirements were obtained for Level II and Level III
from the FY 75 PBP,- and advanced information from the FY 76-80 PBA%
was obtained from AMSAR-PPI-VW.

The facility parameters are:

O 1ine capacity (output)

O staffing (input)

3Loc. (it

4Loc. Cit.
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© utilities (input)

O material (input)

They were defined for a Composition-B and for other RDX/HMX products
by AMSAR-PP-C via AMSAR-PP.

Cost data was obtained from various sources as described in Table
3. This cost data was applied to the facility parameters and the
resultant study costs inputs are presented in Table 4 through 7 for
the various product-facility-location combinations.

Detailed description of the data can be found in Appendix A.

TABLE 3. DATA SOURCES o

Construction Costs

prepared for COE, Omaha District Office by A. M. Kinney, Inc.

O Material Costs

extracted from '"Chemical Marketing Report", July 22, 1973
(except for Oxygen)

© (Utility Costs

provided by Plant Operators/Contractors
Labor Costs
provided by Plant Operators/Contractors

Transportation Costs

provided by AMSAR-TMG (General Traffic Division)
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TABLE 4. COMPOSITION-B SITE SELECTION--FOUR-LINE CAPACITY--INPUT
TO MODEL (Cost Given For Operation @ 100% Capacity)

Site .
Cost Newport McAlester Hawthorne
Category AAP NAD NAD
Construction | $M 656.85 678.71 989.74 .
Materials $M/ 55.87 55.87 55.87
YR
Utilities SM/ 14.48 15.68 16.40
YR
Labor $M/ 12.04 12.68 13,11
YR
Transportation SM/ 7.41 10.73 26.65
YR

TABLE 5. COMPOSITION-B SITE SELECTION--TWO-LINE CAPACITY--INPUT
TO MODEL (Costs Given For Operation @ 100% Capacity)

Site
Cost Newport McAlester Hawthorne
Category AAP NAD NAD
[]

Construction SM 433,35 447,58 652.98
Materials $M/ 27.94 27.94 27.94

YR -
Utilities $M/ 7.24 7.84 8.20

YR
Labor $M/ 6.02 6.34 6.55

YR
Transportation SM/ 3.70 5.36 13.32

YR
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TABLE 6. RDX/HMX PRODUCTS® SITE SELECTION--FOUR-

LINE CAPACITY--INPUT TO MODEL (Costs
Given For Operation @ 100% Capacity)

= Site
Cost Newport McAlester Hawthorne

Category AAP NAD NAD

Construction $M 656.85 678.41 989.74

Materials $M/ 40.76 40.76 40.76
YR

Utilities $M/ 14.48 15.68 16.40
YR

Labor SM 12.04 12.68 i e i
/YR

Transportation $M/ 5.47 6.11 12.46
YR

a)0ther than Composition-B

TABLE 7. RDX/HMX PRODUCTS® SITE SELECTION--TWO-LINE
CAPACITY-COST DATA RESOLVED BY CATEGORY
FOR INPUT TO MODEL (Costs Given For
Operation @ 100% Capacity)
Site
Cost Newport McAlester Hawthorne
Category AAP NAD NAD
Construction $SM 433.35 447.58 652.98
Materials $M/ 20.38 20.38 20.38
YR
Utilities $M/ 7.24 7.84 8.20
YR
Labor SM 6.02 6.34 6.55
/YR
Transportation $M/ 5,.23 3.05 6.23
YR
8Qther than Composition-B Next page is blank.
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Dliiussxon OF RESULTS

REQUIREMENTS ANALYSIS

The comparison of mobilization requirements with assigned capacity
was made for both product mixes: Composition-B and other RDX/HMX
products for the two time frames: FY75 (retention)3 and FY '76-80
(modernization and expansion).# The results of these comparisons
are presented in Tables 8 through 11.

These comparisons indicate that there is no requirement for in-
vestment in Composition-B fagilities as the Production Base is currently
defined. Requirements for ether RDX/HMX production facilities show
need for investment from one to three lines based on the FY 76 thru
80 PBA. This is a reduction:of two lines from FY 74 requirements.

In retrospect, previous tBA's did show requirements for additional
Composition-B facilities. ‘or example, the 1974 PBA requirements
defined the need for two additional Composition-B lines.

TABLE 8. comroé TION-B REQUIREMENTS/
CAPACITY FY 75 (RETENTION)

Mobilization
Level II Tl
Requirements,‘ﬁ LbS/ 38.77 53.70
Mo.
Assigned Capacity, 59.00 59.00
M LbS/
Mo.
Deficit,‘ﬁ Lbs/ b excess excess
Mo .
- A
Deficit, M Lbs/ .  excess excess
Mo.
3Loc. Cit.
4L0c. Cit.




TABLE 9. COMPOSITION-B REQUIREMENTS/CAPACITY
FY 76-80 (MODERNIZATION/EXPANSION)

Mobilization
Level 5 I1T "

Requirements, M LBS/y 24.3 31.9
Assigned Capacity 29.0 29.0

M LBS/

Mo
Deficit, ﬁ'LBS/ excess 2.9
Mo.

Deficit, Equivalent excess 0

Lines
TABLE 10. RDX/HMX PRODUCTS OTHER THAN COMPOSITION-B

REQUIREMENTS/CAPACITY FY 75 (RETENTION)

Mobilization
Level II L
Requirements, M LBS/MO. 19.24 27.57
Assigned Capacity, L.21 h.21 .
M LBS/
Mo
Deficit, M LBS
s /MO. 15.03 23-36 ,
Deficit, Equivalent 3 5
Lines
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TABLE 11. RDX/HMX PRODUCTS OTHER THAN COMPOSITION-B
REQUIREMENTS/CAPACITY FY 75-80 (MODERNIZATION/

Lines

EXPANSION)
Mobilization

Level 1I INLTs

Requirements, 3M Lbs, 24.1 31.3
Mo.

Assigned Capacity, 20.0 20.0
ay Lbs/

Mo.
Deficit, M Lbs 4.1 11.3

Mo.

Deficit, Equivalent 1 3

3Equivalent RDX measure (HMX adjusted by 9/1)
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SITE SELECTION ANALYSIS
General

The objective variable is the total discounted cost at each
candidate location. The total discounted cost includes the construc- .
tion, material, utilities, labor, and transportation costs. Results
are presented for the two levels of facility capacity: four-line
capacity and two-line capacity, and for two facility out-puts; Compo-
sition-B and other RDX/HMX products. In addition to the specified
candidates-Newport AAP, McAlester NAD, Hawthorne NAD and Crane NAD; the
Mississippi Test Facility Site (MIF) was considered to illustrate the
sensitivity of results to possible expansion of the scope of the
problem.

Presentation of results include the following:
Comparison of Cost Breakdowns
Comparison of Total Nominal (Expected) Costs
Risk of Not Choosing the Least Costly Location

Sensitivity of Total Cost and Risk to Variation in Individual
Costs at Particular Locations

Table 12 is an outline of the results illustrated in this section.

Elimination of Crane NAD

Crane NAD was eliminated from consideration because of negative
response by Crane Management to an inquiry as to availability and
interest in this project.

Cost Breakdown (Table 13)

Results of the following six cases at Newport AAP are examined: ’
A four-line Composition-B plant at 1007 production
A four-line Composition~B plant at 50% production
A two-line Composition-B plant at 100Z production
A four-line RDX/HMX plant at 100%Z production
A four-line RDX/HMX plant at 50% production

A two-line RDX/HMX plant at 100% production
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TABLE 12. OUTLINE OF ILLUSTRATED RESULTS

Subject Capacity Operating Duration of Products Sites Remarks Illustration
(lines) Level(s) Operation
(years) g 2 9 M
: L g ga Note #
230
=5 FarS
2825
Cost 2,4 2,4 10 X X X X X Table 13
" T Dilcancuwi o
Cost 4 1,2,3,4 10 X X X X Figure 4
Comparison 2 1,2 10 X XXX Figure 5
4 1,2,3,4 10 X X X X Figure 6
2 Ly 10 X XXX Figure 7
2,4 1,2,3,4 10 X X X Figure 8
4 1,2,3,4 10 X X X X 1 Figure 9
Risk 4 .2 8 v 4,7,10 X X X X Figure 10
Analysis 2 1,2 4,7,10 X X X X Figure 11
2,4 1,2,3,4 10 E R X X Figure 12
4 152,374 10 X X X Figure 13
Sensitivity 4 1,2,3,4 10 X X 2 Figure 14
Analysis 4 1,2,3,4 10 X X 3 Figure 15
4 1,2,3,4 10 X X 4 Figure 16
Note 1 expansion of problem to include MIF
Note 2 wvariation in construction cost
Note 3 variation in sum of recurring cost
Note 4 variation in individual recurring cost
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TABLE 13.

BREAKDOWN BY COST CATEGORY FOR VARIOUS TYPES OF FACILITIES AND OPERATING LEVELS--TEN YEARS

CONTINUOUS OPERATIONsyPERCENT OF TOTAL PROJECT COST AT NEWPORT AAP (DISCOUNTED 10% PER ANNUM)

Product COMP-B COMP-B COMP-B RDX/HMX RDX/ HMX RDX/HMX
FACILITY Capacity 4 Line 4 Line 2 Line 4 Line 4 Line 2 Line
TYPE
& Operating 4 Line 2 Line 2 Line Lk Line 2 Line 2 Line
OPERATION Level (100%) (50%) (100%) (100%) (50%) (100%)
Constret'n 56.27 T7.02 62.98 61.06 75.82 67.L4L
COST
Materials 27.21 17.41 23.0k 21.52 13.36 18.00
CATEGORIES
Utilities 7.05 4,51 5.97 7.65 4.75 6.39
Labor 5.86 3.75 k.96 6.36 3.95 5.32
Transpt 'n 3.61 2.31 3.05 3.k2 2.12 2.85
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00




The proportional relationship to total discounted cost of each
category for the six cases are presented. This breakdown indicates
that construction costs are preponderant, in all cases belng greater
in magnitude than the sum of all other costs. The selection of the
least costly site is heavily influenced by construction costs.

Of the remaining recurring costs, the cost of materials is the
greatest in magnitude, exceeding the sum of the remaining recurring
costs. Transportation cost is least in magnitude at approximately
3%Z or less of the total cost.

The construction cost and recurring costs were quantitatively and
individually examined in the sensitivity analysis.

Ranking of Present Value Costs

The three specified candidate sites were compared on the basis of
present value costs for various levels of operation, facility capacity
and type of product. Examination of Figures 4 through 7 reveal that
Newport AAP 1is nominally the least costly location among those specified
ag candidates. However, the McAlester NAD cost exceeds the Newport AAP
cost by only approximately 5%. Hawthorne NAD cost, on the other hand,
exceeds the Newport AAP costs by approximately 50% at the zero produc-
tion level (shutdown) to approximately 352 at the full production (four-
line, 100%) level. This difference (Hawthorne NAD cost compared to
Newport AAP cost) is of great enough significance to eliminate Hawthorne
NAD from contention, as was shown more conclusively in the risk analysis.
The relative cost differences between the four- and two-line capacity
facilities and between Composition-B and other RDX/HMX products output
are illustrated in Figure 8 for the Newport AAP and McAlester sites.

The differences in cost for producing Composition-B and other RDX/HMX
products ranges from 5% (based on the other RDX/HMX products) at full
capacity (100% production four lines or two lines as applicable) to zero
production (the shutdown condition). The latter result is obvious since
the only costs considered were construction costs which were equal for
facilities producing either product mix. The relative costs of the two-
line facility was approximately 34% less than the costs of the four-line
facility. This results from application of the 6/10 power rule for
sizing the facility capacity.

In order to examine some possible results which might be obtained
if the restriction on number and location of sites were relaxed, the
Mississippi Test Facility (MTF) was compared with Newport AAP and
McAlester NAD on the discounted cost basis. Figure 9 illustrates the
relationship of the nominal (expected) costs among these sites. This
comparison revealed that the MTF costs would be approximately 857 of
the Newport AAP costs.
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Risk Analysis

The risk of erring in the choice of the least costly site if the
nominal least-cost site was selected, (i.e., Newport AAP), was analyzed
for McAlester NAD and Hawthorne NAD, each individually compared to
Newport AAP. The results obtained indicated that there was virtually
no risk in choosing Newport AAP over Hawthorme NAD on a cost basis.
(Any risk incurred was beyond the precision of the Risk Analysis
Program). On the other hand, the risk of choosing Newport AAP over
McAlester NAD on a cost basis was 33% at zero production (shut down
case) to approximately 16% at full production (100%) over 10 years for
the four-line Composition-B facility as illustrated in figure 10. For
manufacture and distribution of RDX/HMX products other than Composition-
B the risk varied less and ranged from 33% to 28% for the same range of
operating levels. Reduction in total output, characterized by the
duration of operation parameter, showed some variation but was within
the over-all range of risk discussed above. These results are also
shown in Figure 10.

Figure 11 is a presentation of the same risk except that it is
for the two-line facilities. Again the same characteristics were
observed: a risk of approximately 33% at zero production, deteriorating
with the level of operationm.

The comparative risk of the four-line facilities and the two-line
facilities are illustrated in Figure 12 for the two products. There
is very little difference in risk incurred when level of output is
considered as the independent variable.

If the restriction on the selection of sites were relaxed to include
MTF, the risk of choosing the most costly site would be represented by
Figure 13. In this case MIF was the reference site since it was
nominally the least-cost site for the Newport, McAlester, MIF set.
Newport AAP and McAlester NAD were compared with MTF, using the assumed
uncertainties in the various costs. For low levels of operation (shut-
down to two lines operating), there would be a significant risk of
choosing MTF over Newport AAP as the least-cost site. This risk ranges
from approximately 29% to approximately 10Z. For the higher levels of
operation over the major portion of the ten year period, the risk would
be less than 10%Z. However, for shorter durations of operation, for
example, four years the level pf operation would go to three lines before
the risk would decrease to 1qz.

The risk of choosing MTF pver Hawthorne NAD as the least-cost site
is moderate, ranging from 9% iat shutdown to less than 1/2% at full
production over the ten year hperation period.

|
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Sensitivity Analysis

The sensitivity and risk of selection to relative changes in the
various cost categories was analyzed for the McAlester NAD vs Newport
AAP comparison. The sensitivity of results to changes in construction
cost is presented in Figure 14. Changes of 5% and 10% in favor of
McAlester NAD and in favor of Newport AAP are expressed as plus (+) or
(=) percentages of the Newport construction cost, respectively. A
change in construction cost of 5% or greater in favor of McAlester
NAD would reverse the nominal least-cost ranking resulting in McAlester
NAD being the least cost site. The risk at the 5% change would result
in essentially indeterminate selection criteria (i.e., 50% risk or
50/50 chance of either being the least costly). The change of 10% in
favor of McAlester NAD would result in basically exchanging Newport
AAP and McAlester NAD in both ranking and the associated risks.

A change of 5% or greater in favor of Newport AAP, however, would
indicate that Newport AAP was a reasonably safe choice at a risk less
than 10%.

If all recurring costs were changed in the same manner, the results
would be as shown in Figure 15. A 10% change in total recurring cost
in favor of McAlester NAD would change the nominal ranking of Newport
AAP and McAlester NAD for operating levels greater than approximately
two to three lines. In any event, any change in total recurring
costs in favor of McAlester NAD would only make the selection between
Newport AAP and McAlester NAD less certain.

Changes in individual recurring cost categories favorable to
McAlester NAD at a level equal to 5% of the associated Newport AAP
costs are presented in Figure 16. At this level of change in indi-
vidual costs, there is no reversal in order between McAlester NAD and
Newport AAP over the operating range considered. Among these costs
at this level, only material costs changes would increase the risks
calculated at shutdown conditions.
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SUMMARY OF RESULTS

There is a requirement to expand RDX/HMX production capacity by
one to three lines.

Of the specified candidate sites, Newport AAP ranks first on the
basis of nominal least-cost for all levels of operation - product mix
and facility capacities considered.

There 1is no measurable risk of making an error in choosing Newport
AAP over Hawthorne NAD as the least-cost site.

There is a significant risk of erring in choosing Newport AAP as
the least-cost site over McAlester NAD. This risk ranges between 27%
for continuous four-lines operation and 337 if the facility 1is built
and immediately shut down' and is based on production of RDX/HMS
production other than Comp-B.

A change of construction cost differential equal to 5% or more of
Newport AAP construction cost and in favor of McAlester NAD will result
in McAlester NAD being the nominal least cost site. With this increase
in construction cost in favor of McAlester, the risk of erring in
choosing the least-cost site increases.

Changes in operations cost in favor of McAlester could influence
the nominal cost ranking. A 10% change, based on Newport costs, in
all recurring cost could result in McAlester NAD being the nominal
least-cost site for continuous operation exceeding two lines. However,
this 1s associated with a high risk of erring in the choice of the
least-cost site.

If Mississippi Test Facility is included (expansion of problem),
it would be selected as the nominal least-cost site. However, the
risk of not choosing the least-cost site when compared with Newport at
expected levels of operation would exceed 10%Z. However, if MTF were
chosen over McAlester, the risk of erring would not exceed 10%.

Next page is blank.
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CONCLUSIONS

Within existing guidelines the production base for RDX/HMX products
can be expanded by one to three lines.

Given the specified candidate sites - Newport AAP, McAlester NAD,
and Hawthorne NAD:

© On the basis of cost, Newport AAP could be chosen with impunity
over Hawthorne NAD.

O The sensitivity to construction cost and the risk of erring in
the choice of the least-cost site indicates that factors other than
economics and costs should be considered in the choice between Newport
AAP and McAlester NAD.

If the problem is expanded by including locations other than those
specified, e.g., Mississippi Test FAcility, there is a reasonable
chance that such locations would be contenders and would have an
acceptable risk of error when compared to either McAlester NAD or
Hawthorne NAD.

Next page is blank.
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REQUIREMENTS - INPUT

The array of explosive compositions utilizing RDX and HMX in their
composition was the basis upon which the requirement to justify the
proposed lines were based. Table A-4 is a presentation abstracted from
the current PBA's for retention (FY 75) and modernization and expansion
(FY 76-80) (references 3 and 4). In the analysis, the requirements for
Composition-B were treated separately and independently from the other
RDX/HMX products.

FACILITY PARAMETERS

For purposes of this study, parameters defining the facility were:

o

(o)

Product Mix

Number of Lines

Line Capacity
Material Requirements
Utility Requirements

Labor (Staffing) Requirements

The study considered the first two of these parameters in their
various combinations as separate cases for analysis. These were as

follows:
© Composition-B Four Lines
© Composition-B Two Lines
© Other RDX/HMX Products Four Lines
o

Other RDX/HMX Products Two Lines

The latter four parameters were considered on a per line basis and
not varied in the analysis.

The line capacity were expressed as the following rates:

7,500,000 1bs Composition-B per line/per month or

4,500,000 1bs equivalent wt RDX per line/per month

One 1b HMX production was considered equivalent to nine 1lbs RDX
production.
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The unit line requirements for staffing, utilities, and materials
are presented in Tables A-5, A-6, and A-7 respectively. Material
requirements are further defined with respect to various products.
COST DATA N

Construction.

Cost data is site dependent and is broken down as fixed (investment)
costs and recurring (operational) costs.

Table A-8 is the cost summary provided for the Army Corps of
Engineers (COE) Omaha District office by A. M. Kinney, Inc. The bottom
line (total) is the construction costs used in the study for the
specified candidate sites. Where Mississippi Test Facility (MTF) was
included, the constructigs cost was adjusted, using Indicies obtained
from AR 415-17, 6 Aug 73™", and using Newport AAP as a basis.

loAR 415-17, Empirical Cost Estimates for Military Construction and
Cost Adjustment Factors.
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REQUIREMENTS - OUTPUT

The output requirements were defined by AMSAR-PPW-MPC for Composi-
tion-B and for other RDX/HMX products. ’

The requirements for Composition-B are shown in Table A-1.
The requirements for other RDX/HMX products are shown in Table A-2;

requirements for RDX/HMX when adjusted to a four line facility are
shown in Table A-3.

TABLE A-1. DISTRIBUTION OF COMPOSITION-B
(MILLIONS OF LBS/MO)

OPERATING
LEVEL

USER (4 Lines) | (3 Lines) | (2 Lines) | (1 Line)
Towa AAP 4.600 3.450 1.500 0.750
Joliet AAP 5. 000 3.660 1.500 0.750
Kansas AAP 5.000 4.500 2.250 1.125
Lone Star AAP 1.800 1.380 0.900 0.k450
Louisiana AAP 1.943 0.L60 0. 300 0.150
Crane NAD 8.600 6.750 6.750 3.375
Milan AAP 2.457 1.8L0 1.500 0.750
Picatinny Ars 0.600 0.460 0.300 0.150

TOTAL 30.000 22.500 15.000 7.500

8DF from AMSAR-PPI-B to AMSAR-PPW-MPC, Subject: Locations of Comp-
B Users at Various Levels of Production, 15 Oct 1974.

9Unpublished Correspondence between AMSAR-PPI-B and AMSAR-PPW-MPC,

Subject: Locations of Users of RDX/HMX Products other than Composition-
B at Various Levels of Production, 3 Dec 1974.
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TABLE A-2

DISTRIBUTION OF RDX/HMX
(MILLIONS OF LBS/MO)

PRODUCT & USER

PERCENT OF NOMINAL PRODUCTION

PRODUCT USER 100% 5% 50% 25%
RDX Iowa 0.30 0.20 0.10 0.10
Milan 2.90 2.10 1.50 0.80
Louisiana 2.00 1.50 1.00 0.50
Crane 0.70 0.50 0.40 0.20
Hawthorne 1.10 0.80 0.60 0.30
SUBTOTAL 7.0 Gail 3.6 1.9
HMX Lone Star 0.10 0.10 0.05 005
Crane 0.10 0.10 0.05 0.05
Bacchus 0.30 0.30 0..30 0:30
SUBTOTAL 0.50 0.50 0.40 0.ko
HMX (RDX
Equivelents) SUBTOTAL Lh.s 4.5 3.6 3.6
RDX
(Equivalent) TOTAL 11.5 9.6 7.2 5.4
Line
Equivalents 2.5 2.1 1.6 1.2
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TABLE A-3: DISTRIBUTION OF RDX/HMX
ADJUSTED TO A FOUR LINE FACILITY
(MILLIONS OF LBS/MO)

OPERATING
LEVEL
USER & 100% 5% 50% 25%
PRODUCT bk Lines 3 Lines 2 Lines 1 Line
RDX Iowa 0.47 0.28 0.13 0.08
Milan 4.5k 2.95 1.87 0.65
Louisiana 3.13 211 1.25 0.4
Crane 1.10 0.70 0.50 0.16
Hawthorne 1.72 1.12 (6 0.25
HMX Lone Star 1.l 1.27 0.56 0.37
(0.16)* (0.1L4)* (0.06)% | (0.0L)*
Crane 1.4 1.27 0.56 0.37
(0.16)* (0.14)* (0.06)* | (0.0L)*
Bacchus k.30 3.80 3.38 2.21
(0.48)% (0.42)* (0.38)* | (0.25)*
RDX (Equivalent) 18.00 13.50 9.00 L.50
RDX Only 10.96 7.16 4.50 2.96
HMX Only (0.80)* (0.70)% (0.50)* | (0.33)%
Total Actual Weight 11.76 7.86 5.00 3.29

All units in terms of RDX or RDX equivalent weights except ¥ which are
in terms of HMX weights.
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TABLE A-L. RDX/HMX PRODUCTS MOBILIZATION REQUIREMENTS

(MILLIONS LBS OF EXPLOSIVE PER MONTH)

1975 (MODERNIZATION
PBA - STUDY (RETENTION) & EXPANSION)
MOBILIZATION LEVEL 11 111 IT 111
AMETEX 15.00 17.00
Composition A3 1.46 1.95 1.35 1.81
" Al .2k .34 .16 .23
v A5 .5k .70 .30 .39
" B 38.77 53.70 2k.29 31.92
" cl .83 1.03 1.8k 2.10
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