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Munitions Component Suppliers

= Lake City Army
Ammunitions Plant is
a primary producer of
munitions for the
military

= Component suppliers
are dispersed across
the country

- Two foreign suppliers
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Distribution Points

o

7 e Indian islant==-.__
Seattle” L AT IS T

- s
HADLGCK) B " g
ol j .. fat
b Y A
v ]' Bismarck / AN Bangor
! l f ke 28 i
Nty "—“'------—--—--—,l {" ‘_-’-L Burlington l‘ 3~ Portiand
= Storage depots Al . £ b
iilitary Ocedn s . ey | Buffalo i
S Terminal Goncor: SATY . SHAR (. Miwaukes 3
d t = I (MOTCO) T

3 L—--\'\‘
,____,——v‘l.%tﬁrk‘gnng’
; O Detroit \ ArmyiDepot,,,
# p | Salt Lak Crane Arfny. Arﬁ-n ; AT / / (LEMC)
: ot — O Omara AmmunrrronFAcrrwru S e (
/ e 11 ‘ __(CAAR) i

3 ¥ 1S = " { S P T:“:r-‘:,:l: 5‘; B’UE‘&{&‘SS\" ‘r: s
g il Fogalic D | Kansas ity
the country W

=1 Philadeiphia

e 3

RS Lexnvion Armu Deport
s 5 o BGAD, -
Lake City AAP S ‘:-‘f_.__:l_,,_.—
% 1; 4" - . L TS e e ] i 5 N = g Military Ocean
e ’ : y aFo I ) ety Yo bt ~Chatene Terminal Sunny Point
Los Angeles =04 e sn | F SR § 55 Ekiaboria Sl \‘ ‘{ 77T __r/r (MOTSU)
Memphis 5% _..- =
1ogo A0S i & S .
San Diego  J J'L«'Ir.'mesl terArmy. AT ..f £

T Columbia
Ammunirfon'Pfama.n

\ =
I X ~ Atianta
MCAAP Birmingham ‘\
G ! Dallas !_" —s, H 2
i«

1 H

_‘ Mui:l:!r ( g-—-"\\_---—*\r“ Jacksonville

s
New Orleans  \

Lake Clty Army Ammunition Plant
(Distribution Network)

@ LakeCity AAP

Aust \n

Tampa

Lake City Army Ammunition Plant
(Distribution Network)

@ Lake City AAP

Miam|

. Storage Depot or Ocean Terminal

¥R 250 125 3]
\vrid
. Storage Depot or Ocean Terminal 7

250 500
7 L 1 1 1 1 L ]
e v} 4 Miles

Creating Clarity from Complexity

111! Sandia National Laboratories




Resilience of Munitions Supply Chains

= Analysis objectives:
- How might disruption of some stage in the supply chain (either

production or transportation) affect the ability of the system to meet
its mission objective?

- How might the system be reconfigured to make it more resilient?

= Solution Approach

- Develop dynamic simulation tool to represent supply chains for a set
of munitions manufactured at Lake City AAP

- Include production of raw materials, intermediate goods, production
capacities, final assembly of multiple ammunition types, and
transportation steps

- Multiple locations and time steps

i Following slides are results from a ~2 week effort that relied on data supplied from Program

Executive Office for Ammunition (PEO Ammo).




Bill of Material (BOM) Data
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—— Munitions Product X
e Capacity
Component |Prod. Factor| Supplier Location | (/month)
A 1 Acme Co. Atl., Ga 30k
B 13.4 Apex Co. NY, NY 400k
C 2.2 EDV Co. | Raleigh,NC 500k
D 1 Big Co. |Paris, France 5k
| Component D
| Component C
| Component B ty |
Component A ity n)
Capacity th) Dk
Component |Prod. Factor| Supplier Location (/month) |0k bk
A1 5 BobCo. Tempe, FL 10k  }5k Dk |
A2 1 BenCo. |Savannah,Ga| 35k |9k |
A3 3 BillCo. Raleigh, NC 89k | W V
l v
Component A.1
Capacity
Component|Prod. Factor| Supplier Location | (/month)
A1.1 8 DaleCo. NY, NY 1k
A1.2 1 DaveCo. | Radford, VA 5k
A1.3 6 DenCo. |Las Vegas, NV 9k

= Were provided BOM
data for “critical”
suppliers

= BOMs included
- Production recipes
- Suppliers
- Locations
- Capacity constraints

= High quality data
enabled us to build
supply chain models
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Model Details

Tier 2 suppliers
T1er 1 suppliers

/ .Kmal Assembly

Multi-tiered Network from Bill-of-
Materials Data

'{CE m—— e Sami:Natlmallahnmtoms
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Scenario 1: Disrupt Final Assembly

| - 2500
- —1 - . — —nNominal| ~ **Notional Data Used**
- m 3 week disruption for final 2000 - Actual
assembly of Ammo Type 1 Teree
at Lake City AAP P
= Production rate exceeds > 1000 -
nominal rate in attempt to
make up for disruption i
~
= Production constraints 0 .
prevent facility from ° ? ) ® e ooz
meeting productlon goal Cumulative Production

. Short by 10%

= In this scenario, need to maintain excess inventory equal to 10%
of target to meet production goals for Ammo Type 1
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Scenario 2: Disrupt Raw Material Production

= Raw material production
reduced by 2/3 for 4 weeks

= Propellant manufacturer
has 1 week supply on hand

= 2 ammo types require
propellant

1week
raw
material

Supply

Scenario Abstraction
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Scenario 2: Ammo 1 Cumulative Production

*d’.
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= Disruption does not prevent meeting production goals for

;‘g Ammo 1
i . |

(1) Sandia National Laboratories




P—— — — Nominal **Notional Data Used**
- 5000 - Actual /.
[ P -
Target _
4000 -
a
= 3000 -
-
2000 -
1000 A
O ]

14
Week

= Impact of raw material disruption to Ammo 2 production is delayed due
to extra inventory and “distance” of disruption from Ammo 2
production

y ~40% (111 Sandia Ntonal Laboratores




Scenario 3: Disrupt Raw Material Production

= Raw material production
reduced by 2/3 for 4 weeks

2week
raw
material

Supply
= Propellant manufacturer
has 2 week supply on hand

m 2 ammo types require
propellant

Scenario Abstraction
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Scenario 3: Ammo 2 Cumulative Production
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_gﬁigh quality production data greatly facilitates
supply chain model building

= For the munitions example, we used the model

to perform quantitative contingency planning
for a limited set of munitions

= Further expansion of the model could involve
- Including all ~50 munitions
- Adding economic factors (such as cost of extra
inventory, ability to ramp up production, etc.)

- Linking potential shortages to ability to meet
mission

- A systematic evaluation of “non-critical” suppliers

111! Sandia National Laboratories




