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Purpose

* Provide the J3 with the best recommended
course of action (COA) to destroy 100
identified Attican targets IOT allow freedom
of maneuver during phase IV operations.

Background/ Road to War

The country of Attica is vying for regional dominance and opposes W estern influence
in their region of the world

The country of_Elis is a fledgling democracy, with strong ties to the West

Tensions have risen between Attica and Elis, culminating in Attican forces attacking
into Elis

A “Coalition of the Willing” agrees to deploy forces to restore the border and force
Attica to agree to UN resolution calling for Chemical, Biological, Radiological, Nuclear,
and Explosive (CBRNE) inspections

CJTF-Freedom is preparing to conduct operations in Attica to prevent Attican
aggression in the region and set conditions to enforce Attican compliance to UN
resolution

W e are currently preparing for Phase IV operations

e iy

[ Belligerent state
[ state supporting Attica
[ state supporting Coalition

O Neutral state




Problem Statement:

Problem and Objective

On order, CJTF-Freedom requires freedom of maneuver in
Attica to conduct Phase IV operations IOT prevent Attican
aggression in the region and set conditions to enforce Attican

compliance to UN Resolution.

Analvytic Objective:

Recommend the optimal force package that will meet the

following objectives in priority order:

1) Destroy 100 strategic high value targets

2) Minimize friendly casualties
3) Minimize collateral damage

4) Minim

ize cost

Preliminary Analysis

A ccommmicsss Tower (30
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- Available Platforms :

CCM-Range:1100 KM
MLRS-Range: 300 KM
F-16-Range: Unlimited

Platform combinations (MaxTGT)
COAL1: F-16 only (100)

COAZ2: F-16 and MLRS (100)
COA3: F-16 and CCM (100)
COA4: F-16/MLRS/CCM (100)
COA5: CCM only (55)

COA6: MLRS only (49)

COA7: CCM and MLRS (78)

Only COAs 1,2,3 & 4 destroy 100 targets

| COALl: F-16 only COA2: F-16 and MLRS COA3: F-16 and CCM COA4: F-16/MLRS/CCM | 4




Cconstraints

and Limitations

X
S 2 S
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Constraints o‘é\\, o“-’\q, 0& O°\c)°\\($ o“-’\u ?S\oé\g\
Seven defined COA (Force packages) X X X X X
100 CCM available X X X
9 Munition types available X X X
Target/Platform locations X X X X
Weapons range X X X X
Time to complete study X
N < o
S (@)
5 i é;\'\g’ {0&0% <@ s
SRRSO G
AOQ'»\'&Q N e\;& rb“\ =2 N q}‘\\. 3
Limitations o‘é\'y 0‘6\(1; = o‘é\o&\& O‘é\b“ ‘i"‘&\
No access to classified data X X X X
Limited access to detailed data X X X X
No support and logistic data X
Minimal subject matter expertise X
Minimal access to developed models X
Minimal access to analysis software X

Constraints and limitations drive methodology

development

Assumptions: Target Destruction

N &
<
G\@ @ é»\\'\?' &L \,\90 LS
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Assumptions (Target Destruction) ford foxd O o ford [y
Placement of friendly forces maximizes target
- X X X
destruction
Probability of hit must be at least 90% X X X
For point targets: a hit is a kill X X
Infantry company and battery targets are X %
destroyed once 75% of target area hit
Terrorist training camps are considered X X X
destroyed once 30% of target area hit
Enemy aircraft (MIG-27) require 950 meters of
X
usable runway to takeoff
Airfield runways are treated as 4 smaller area X X
targets
MAE of munitions do not overlap X X
3658m (Ionge:it runway)
1
J
) O 75%
S Irzso Ir:so Irzso I r=50 100n
@)
*
%Area = %‘C\W > 75% ———  502mx75%=5890.5m?

d<950m




Assumptions: Casualties
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Assumptions (Casualties-Pilots) o‘é\

Risk for casualties are F-16/SAM engagement
An aircraft successfully engaged by SAM
results in one pilot fatality

SAMs will be targeted first to minimize pilot
fatality

Sequence of other targets not considered

F16 have a 5% chance of being shot down
while at least one SAM radar is active.

F16 have a 1% chance of being shot down
while at least one SAM missile is active.

X

F-16 have a 0% chance of being shot down
once all SAM targets are destroyed

X | /Evad X o
Take-Off Ly Fly (No Maintenance) » ngr?élsrge\:a € Ll Acquire Target N Engage Target |y Hit/Kill Target
(98%) 95% 95% / 99% 99% 100% 94.88%

A 1 A
1 < ‘* i
1 g Maintenance 1

RTB

et 1 1

e e

Assumptions: Collateral Damage & Cost

S &
(3
e ST
N4 LS S & RS
FT SN & LSS
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N NES IS > S
Assumptions (Collateral Damage & Cost) fod fod O ¢ foxd [ex
Collateral damage can be assessed by number X
of civilians killed
Population density from 2010 census X
approximates potential civilian casualties
Collateral damage will not exceed radius of X
MAE for troops/civilians
Munition costing data accurate X
Cost of one coalition F-16 is $26.9 million X
Supply and maintenance costs will not impact X
recommendation
Infinite refueling capability X X
Point Targets Area Targets

Collateral Area = MAE < Rounds — L <xW
(2r +L)*(2r +W) - (L*W) = 4r% + 2L+ 2rW




Dendritic Chart

Problem statement: On order coalition forces must destroy 100 strategic high-value targets inside Attican territory,
minimizing risk to coalition forces and collateral damage while considering cost.

Objective: Evaluate the appropriate force packages required to destroy all targets while minimizing friendly
casualties and collateral damage and considering cost.

Issue 4: What are
the projected cost
with FPs?

Issue 3: Which FP
minimizes collateral
damage?

Issue 2: Which FP
minimizes friendly
casualties?

Issue 1: Which FP can destroy
100 targets?

EEA1.1
How does FP

EEA 2.1 How
many friendly
casualties occur?

EEA 3.1 How
much collateral
damage occurs?

EEA 4.1 Cost
associated with
FP?

destroy TGT?

MOE 4.1.1
Cost of
munitions
shot

MOE 3.1.2
Num
civiliansin
the area

MOE 3.1.1
W eapons effects
outside of TGTs
area

MOE 1.1.1
Range of
TGT /
platform

MOE 4.1.2
Cost of
F-16s lost

MOE 2.1.1
Successful SAM
engagements

MOE 1.2.1
TGT/Platform
lethality

MOP
0 0 O
Costof
MUNs

MOP 2.1.1.1
#of SAM/F-16
engagements

MOP 1.1.1.1
Distance to
target

MOP 3.1.1.1 —
MAE of MUNS

MOP 3.1.2.1
Pop density

MOP 4.1.2.1
# F-16 lost

-

o MOP
4.11.2
# MUNS
fired by
Type

MOP 4.1.2.1
Costof F-16

MOP 1.1.1.2 -
e i MOP 1.2.1.1 MAE

weapon forTGT

MOP 3.1.1.2

MOP 2.1.1.2
RDS required

Casualty rate

Force Package(FP) Mean area effect (MAES

Target(TGT) MOP 3.1.1.3
Surface to Air Missile(SAM) TGTsize
Rounds(RDS) -
Munitions(MUNS) (155
Methodology
o Lo
L]
e P e P e 4 3 e e
e e a e ollatera proje ed O

Collateral
Damage Matrix

Pilot Casualties
Factor

Kill Matrix Costs

e Issues are optimized in order of priority

All tools combine to give the optimal solution (Kill Matrix)
e Uses linear programming methods

* Provides the optimal solution for each COA

Kill Matrix identifies optimal solution for each COA

12




Issue 1:
Which FP can destroy 100 targets?

Friendly Target
Platform/Target pairing constrained by: L) EeeEiel

*Range Matrix

— Great Circle Formula
Lethality Matrix

— Mean Area of Effect Table Lethality Range
-Platforms available Matrix Matrix

— Changes with each COA

Identifies optimal platform/target pairing
to destroy all 100 targets Kill

Matrix
Solution

Kill Matrix constrained to feasible platform/target
pairings

13

Issue 1:
Target Destruction Analysis

4 force packages can destroy all 100 targets
« COA 1: F-16s only

» COA 2: MLRS and F-16s
» COA 3: CCM and F-16s
 COA 4: CCM, MLRS, F-16s

Max number of targets reached without F-16’s is 78

F-16 is required in force package to satisfy Issue 1

14




Issue 2:
How to Minimize Casualties?

X Ingress/Evade A A A
Take-Off Ly Fly (No Maintenance) > 9 Target Ly Acquire Target Engage Target | p Hit/Kill Target
(98%)A 95;% 959% / 99% 99% 100% 94.:38;%
1 A '
§ <-- - L
RTB " ——————————————————————————————— **
e e e e, e, e e —————————

ARENA Model
sCasualties are defined as F-16 pilots lost =7 . .
in F-16/SAM engagements
*Use Simulation (ARENA) to analyze
expected casualties
*Optimize Kill Matrix solution to minimize
casualties

F-16/SAM engagements drives casualties

15

Issue 2:
Casualty Analysis
SAM Sites 95% Confidence Interval

COA4 10 (0.17 - 0.47):
COA3 20 I (0.50 - 0.94)
COA2 26 I (0.64 - 1.12)
COA1l 40 I (0.96 - 1.60)
-Statistical Comparison of COAs: Expected Casualties

— COAA4 better than others % %‘Z ::‘ Y = 0.034X %

— COA2 same as COA3 E 0; o

— COA1l same as COA2 gzj /’/’/

— COA3 better than COA1 ¥oo L
Minimum feasible F-16/SAM T T e e a s
pairingsis 10 Number of SAM Sites and Radar Towers

<| Expected Casualties = 3.4% x SAM Sites Engaged r

Minimizing F-16/SAM pairings reduces casualties

COALl: F-16 only COA2: F-16 and MLRS COA3: F-16 and CCM COA4: F-16/MLRS/CCM

16




Issue 3: %
Which FP minimizes collateral damaqe’?ﬂggg'gI

Collateral

Rounds
For Area Damage Matrix
Targets Area
Pssh Population Mlgllrlix
Matrix Density Solution

e Determine collateral damage area of munition/target
— Rounds required to destroy area targets
— Probability of a single shot hit (Pssh) for point targets
— Uses MAE for civilians

- Determine population density of target

« Optimize Kill Matrix solution to reduce collateral damage

MAE outside of target area creates collateral damage

|

Issue 3: ==
Collateral Damage Analysis g&%gs

Expected Number of Collateral Damage

40000

35000

30000

Collateral 25000
Damage
(Civilian 20000
Casualties)
15000
10000
5000
o T T T

COA1: F-16 Only COA2: F16 and COA3: Fl6and CCM COAA4: F16, MLRS
MLRS and CCM

 Collateral Damage relative to COA4
— COA3 generates 103% more casualties
— COAZ2 generates 50% more casualties
— COALl generates 164% more casualties
< F-16 munitions have the largest civilian MAE radius

More F-16 munitions leads to more collateral damage




Issue 4:

= —

oo . =

What is the projected cost of each FP? #f‘:‘;ﬁ
1

Cost of
Munitions Kill
Matrix
Casualties F-16s
Cost A
of F-16

Determine rounds required per target

Determine number of casualties

Calculate Costs of munitions and lost F-16s
Optimize Kill Matrix solution to minimize total cost

Munition is the primary factor when determining cost

19

Issue 4: = ]
e ik L 5 =]
Cost Analysis -1
-
COA1 Total COA2 Total COAS3 Total COA4 Total
Cost | Cost | Cost A Cost —
$160 $44.4 Mil ] $117.4 Mil T $72.3 Mil T $148.7 Mil

$140

$120

R
s
(=3
o

Cost ($Mil)
R
3

v
]
o

g
N
o

$4a0 I

"

COA1:F16 COA 2: COA3: COAA4:
Only F16&MLRS F16&CCM F16,MLRS
&CCM

B MLRS MF-16 ECCM MLostF-16

*COA4 is 2 times as expensive as COA 2
*COA4 isl.3 times as expensive as COA 3
*COA4 is 3.3 times as expensive as COA 4

F-16 munition requirement is the least expensive

20




COA 1: F16 Only

Issue 1: Targets Destroyed
Number of Targets Destroyed Meets
Priority

*All 100 targets destroyed

300%
Increase
from
COA4

Issue 2: Casualties

*40 SAM Sites Targeted by F16s

*959% Confidence Interval (0.96,1.60)

*Expected casualties = 1.348 pilots

Issue 3: Collateral Damage

20000
19500
19000 |

@ 18500 |

< 18000 -

2 17500 -

© 17000
16500 |
16000 -
15500

=

Issue 4: Cost Best
COA
CBU 87 GBU 10
Cost Per S 39,963 | S 23,700
# Used 150 90
Subtotal $5,994,450 | $2,133,000

*Munition Costs = $8,127,450
eLost F16 Cost = $36,261,200

2000
(0]

ATACM CBU-87

Block Il

GBU-10

«Collateral Damage = 20,655 civilians

CBU-87 GBU-10 —
L Collateral Damage = 36,219 civilians «Total Cost = $44,388,650 1
COA 2: F16 and MLRS
Issue 1: Targets Destroyed Issue 2: Casualties 160%
Increase
Number of Targets Destroyed Meets from
Priority COA4
26 SAM Sites Targeted by F16s
ATACM Block
I, 30
GBU-10,54 *959% Confidence Interval (0.64,1.12)
CBU-87,16
*All 100 targets destroyed Expected casualties = .8762 pilots
Issue 3: Collateral Damage| 59% Issue 4: Cost #3
Increase COA
i ér8,214 ATACM Block
18152000 1 CBU-87 GBU-10
‘g 10000 L Cost Per $ 1,460,000 | $ 39,963 | $ 23,700
§ 4 # Used 62 40 74
= G Subtotal $90,520,000 | $ 1,598,520 | $1,753,800
= 4000
3 *Munition Costs = $93,872,320

*Lost F16 Cost = $23,569,780

*Total Cost = $117,442,100




COA 3: F16 and CCM

Issue 1: Targets Destroyed Issue 2: Casualties 100%
Number of Targets Destroyed Meets In;:rroerise
h k i i
Sl Priority coad
<20 SAM Sites Targeted by F16s
SLAM
AGM-84E, CcBU 87, 23 “
31 *959% Confidence Interval (0.50,0.94)
GBU 10, 45
*All 100 targets destroyed Expected casualties = .674 pilots
Issue 3: Collateral Damage| 103% Issue 4: Cost #2
16000 Increase COA
14000 from
7 SLAM AGM- | Tomahawk
< 12000 CoA4 CBU 87 GBU 10 84E Block I1
Z 10000 Cost Per S 39,963 | $ 23,700 | $ 475,000 | $ 500,000
8 8000 # Used 119 65 86 14
é 6000 Subtotal S 4,755,597 | $ 1,540,500 | $40,850,000 | $ 7,000,000
e l *Munition Costs = $54,146,097
o — | [ ] eLost F16 Cost = $18,130,600
CBU 87 GBU 10 SLAM Tomahawk
AGM-84E Block 1l

Collateral Damage = 28,001 civilians

*Total Cost = $72,276,697
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COA 4: All 3 Platform Types

Issue 1: Targets Destroyed

Meets
Priority

Number of Targets Destroyed

SLAM AGM- B@Zﬁﬁl\ﬂso
84E, 26 :

GBU-10, 35
CBU-87,9

*All 100 targets destroyed

Issue 2: Casualties

Best
COA

10 SAM Sites Targeted by F16s

*959% Confidence Interval (0.17,0.47)

*Expected casualties = .337 pilots

Best

Issue 3: Collateral Damage
COA

8000

i 7000
2 6000
[
2 5000
8 4000
§ 3000
= 2000
© 1000
o

ATACM CBU-87 GBU-10 SLAM
Block Il AGM-84E

Collateral Damage = 13,814 civilians

Issue 4: Cost -

ATACM Block SLAM AGM-
L1} CBU-87 GBU-10 84E
Cost Per $ 1,460,000 | $ 39,963 | $ 23,700 | $ 475,000
# Used 62 9 55 100
Subtotal $ 90,520,000 | $ 359,667 | $ 1,303,500 | $ 47,500,000

*Munition Costs = $139,683,167
eLost F16 Cost = $9,065,300

Total Cost = $148,748,467



Summary

Recommend COA 4:

45000
40000

Summary of COA Analysis

COA1l

COA3
3 :;35000 1J
» Will destroy 100 targets £ 30000 . COA2 P —
£ 25000 COA4
« Best for reducing Casualties 50 ‘ $72’276'697'°0
5 $117,442,100.00
10000
* Best for reducing Collateral 50";’ $148,748,467.00
Damage 0 02 04 06 08 1 12 14 16
F-16 Pilot Casualties
*The most expensive option
COA4-All3 |COA2-F16/MLRS| COA3 - F16/CCM COA1-F16
DESTROY ALL TARGETS YES YES YES YES
CASUALTIES 0.337 0.8762 0.674 1.348
COLLATERAL 14K 21K 28K _
COST _ $117.4M $72.3M $44.4M
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Recommended Future Analysis

« Time to conduct operations
— Sortie generation rate
— MLRS reloading capabilities
— Operation sequencing

* Logistical requirements
— Aerial refueling
— Maintenance
— Supply battalion limitations

« Additional costs
— Fuel
— Maintenance
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