The Lightly Manned Autonomous
Combat Capability (LMACC)

Dr. Johnathan Mun & Dr. Shelley Gallup

Monterey, California
WWW.NPS.EDU




S M iEuouns Introduction

SCHOOL

What is the need?

The U.S. Navy needs three tiers of surface ships to be successful in matching and
defeating a near peer threat in the Pacific and Atlantic. Tier one are the CVNs and
although we are talking surface ships, the submarine force is in this category.
Second tier are the CGs and DDGs that support CVN operations and provide access
in non-lethal operations. A third tier was to have been the LCS, however these
ships are ineffective for the concept we are discussing here.

What is needed in the third tier are, light, fast, agile, well armed and lightly
manned warships that integrate autonomy as part of the vessel, leaving humans to
do the work of perception in complex situations. These vessels will work in concert
with unmanned surface vessels.
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Distributed Maritime Operations

Distributed Maritime Operations (DMO) is not truly possible in the current
construct of ship procurements. Ships are being built that add multiple missions
to each platform. This means that there are fewer ships, requiring higher
personnel needs.

A different construct: Build ships that have a PRIMARY mission and one secondary
mission. The LMACC (Sea Fighter) will all have the same primary mission, deliver
long range surface missiles into theaters of operation that the first two tiers
cannot go into until the adversary’s long-range missiles have been defeated. By
distributing the secondary missions among many smaller vessels and mixed with
unmanned surface vessels (Sea Hunter), the VARIETY of actions these “packs” may
accomplish is greatly increased and risk is decreased.
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Scenario of Employment
This is but one scenario, but very real.

The PLA has become aggressive to the point of hostilities. SLOCS are at risk in
the South Pacific through the various straits. The PLA is superior in that it
operates long range, land-based missiles from China, and from man-made
islands that are keeping CVNs and large combatants out of the first and second
island chain.

“Packs” are sent forward to build force of missiles in theater that can create a
first strike capability and allows larger forces to move in towards the threat.

WWW.NPS . EDU



[P"js NAVAL

POSTGRADUATE H |StO ry
A SCHOOL

The U.S. Navy employed small ships (destroyer escorts, PT boats, etc.) in WW?2.
Coastal Patrol vessels (PCs) were built after the war and operated into the
1970’s. Currently, the U.S. Navy operates 12 Cyclone Class PC’s in the Middle
East. These have been proven to be effective long after their initial life-span
has passed.

In this new age of autonomy, the ability to merge autonomy with new
technology in ship design, construction, manning and concepts will enable
human-machine tactics that can provide the third tier needed.

This study is intended to show that such a program is cost-feasible.
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Cost Analysis of DDG 51 FLT Il

Overview of U.S. Navy Ships (DDG 51 Destroyer Class)

The Navy Ship Models Reviewed: Arleigh Burke
Class Guided Missile Destroyer DDG 51 Flight I,
Flight 11, Flight 1A, Flight 1ll, and also the Joint
High Speed Vessel (JHSV), CG 47 Ticonderoga,
DDG 1000 Zumwalt, LPD 17 San Antonio Class,
LHA 6 America Class, and Nimitz Class Aircraft

Carrier (CVN 68), among others warship models.

In the cost analysis models, we will consider the
full build of the ship, with its accoutrements
such as weapons systems, electrical systems,
radar and electronic warfare systems,

communication and navigation systems, aircraft,

and other extra add-ons.

Cost-Schedule estimation follows a bottom-up
approach, and the Multivariate Analysis
(parametric) follows a top-down approach.

DDG-51 Flight 1l

Red: Changes at Flight Il
Black: Introduced in fiscal 2010-14

AN/SP(Q-9B Radar

+ Replaces AN/SPS-67

Combat Information Center ¥
+ LIPX-29 (V) AIMS MEk XIA
* Integrated AN/SRQ-4

AMDR-S
* Replaces AN/SPY-1D(V)

Aft VLS '
* Ballstic Missile Defense - Electro-Optical Sensor System
/ Forward VLS
. + Ballstic Missile Defense

Electric Plant:

+ 3 x dmegawatt, 4, 160VAC
£as turbine generators replacing
3 x Imegawatt, 450VAC units

+ Hybrid Coglag (electric motors to
allow generators to provide low-speed
propulsion) has been abandoned Sonar

*+ AN/S0QQ-89 Upgrade
* AN/S00Q-89 ARR-T5 Replacement
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Information and data were obtained via publicly available sources and were collected, collated, and used in an integrated cost
modelling methodology. Due to lack of proprietary data, we used publicly sourced information and applied subject matter expert
opinions. The objective of this study is to develop a comprehensive cost modeling strategy and approach, and Notional Data were
used to perform Rough Order Magnitude (ROM) estimates.

ACTUAL ACTUAL ACTUAL REQUESTED
FY2012Total | FY2013Total  FY2014 Total QEERPLRLIEINE FY2016 Total =i
DDG 51 AEGIS DEStrDyer QTY Million§ | QTY Millions QTY Million § EeINGERNUGIEN QTY  Milion § E ._E_‘
Procurement g 2
Shipbuilding & Conversion NAVY 1 208143 3 449701 1 1,985.12 2 3,149.70 B E
Ship Modifications NAVY 126.37 407.71 28599 364.16 b
Completion Costs NAVY . - 100.00 - B E
Qutfitting & Post Delivery NAVY 4910 7.30 1.30 : 62.10 Gl
Total Procurement 1 2,256.91 3 491202 1 23124 2 3,255.81 2 3,575.96 i g
RDT&E (Hybrid Electric Drive) NAVY - - - 7.95 4.22 pn
) Total RDT&E - - - 71.95 4.22
‘ Total Program Spending 1 2,256.91 3 4,912.02 1 2372.41 2 3,263.76 2 3,580.18

Download Official U.S. Department of Defense (DoD) Budget Data:

Shipbuilding & Conversion | DDG-51 AEGIS Destroyer
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Process Flow: Planning, Design, Construction, Integration, Trials & Commissioning

Electrical Shop
(PS)

Quality Control

INTEGRATION AND TESTING (*¥*)

A

& Approval
(Commissioning)

(PS) = Purchasing and Storage
HM&E = Hull, Mechanics, and Electrical

(**) The elements in this section, including launching and christening,

Trials Plan (Sea Trials,
Delivery, Sail Away,
and other trials)

Energy Systems

Communication and Navigation Systems

I

Radar and Electronic

are described individually in the following slides.

Warfare Systems

Armament Systems

Aircraft Extras

. . Machine Shop . Sheet Metal
> > —> —»
Planning Procurement Pipe Shop (PS) (PS) Joiner Shop (PS) Shop (PS)
A
OUTFIT SHOPS
\ 4
Engineering and Navy
Requirements
HULL CONSTRUCTION SHOPS
v v o k/‘s' ” » Pre-Outfit: Hot
Yard Definition > Prep. & Fab. »  Sub Assembly > ock/>ection
Assembly
A
- » Blast and Paint
-~ Sections _ .
> finiti » Transportation
Definition Erection Process

and Equipment &
Wet Berth

A\ 4

Pre-Outfit: Cold

v

HM&E Global

4.| Testing
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Project Tasks (Energy Systems)

* 41LM2500 GE Marine Gas )
Turbines 105,000 hp (90,000 sust.) »  [ntegration Energy
. * 3 Allison 2500 KW Gas Turbine Systems
Planning »  Procurement Generators
/'y * 2 Shafts with CRP (Controllable > Arrange Machinery
> Reversible Pitch) Propellers
* 25-blade CP Rudders > Testing , Quality Control
v » SSGTG (Ship Service Gas Turbine > Enclose Area and Approval
Engineering and Navy Generators) I
Requirements * High-Power Generation Plants
 High-Power Efficiency AC Plants ,| Integration Fire Control
System

\ 4

Integration ICT Systems

v

Installing

Propulsion is iupported by 4 General Electric LM2500 gas turbines each generating 26,500 hp
(19,800 kW);ucoupIed to two shafts, each driving a five-bladed reversible controllable-pitch propeller
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* AN/SPY-6(V) Air and Missile
* Air and Missile Defense g S
: > > ystems
Planning Procurement Radar (A&MD-
A Radar) and Combat System
) v .| Integration AC & Fire
Integrator > .
Systems - . .| Quality Control
> Testing |
v and Approva
Engineering and Navy Integration ICT Systems
Requirements
Installing
> Arrange Machinery

Enclose Area

\ 4

The program completed Technology Development (TD) contracts in September 2012 and released a Request for Proposals for
the E&MD Phase in June 2012. The AMDR program achieved Milestone B in September 2013 and received a signed Acquisition
Decision Memorandum on October 4, 2013. After a full and open competition, an Engineering and Manufacturing Development
. (E&MD) phase contract was awarded to Raytheon on October 10, 2013. Raytheon was awarded a $385,742,176 cost-plus-
L. o incentive-fee contract for the engineering and modeling development phase design, development, integration, test, and delivery
HIX, \‘ of Air and Missile Defense S-Band Radar (AMDR-S) and Radar Suite Controller (RSC).

]

http://www.globalsecurity.org/military/systems/ship/systems/amdr.htm
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2 [MMClient Projects\Mavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\ Cost Estimation Models - Draft 2.rovprojecon] - PROJECT ECONOMICS ANALYSIS TOOL

- x
File Edit Projects Report Tools Language Decimals Help

Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction
modeling, and optimize your investment portfolio subject to budgetary and other constraints.

Project Management  Applied Analytics  Risk Simulation  Options Strategies  Options Valuation Forecast Prediction  Dashboard  Knowledge Center

Ship Building  1CT Mavigation Weapon Systems  Aircraft  Electrical Systems  Radar Systems  Exira Systems  Support Processes  Portfolio Analysis

Select the Project Schedule & Cost Risk Model to use: (7) sequential Path

(®) Complex Netwark Path Project MameNotes:
Metwork Diagram  Schedule & Cost

@ oor—-»m N O o [ Gemresd |

Edit Madel | | Copy Diagram
Joiner Shop Shest Matal Electrical Shop
Flanning
Task 1 Task 2 Task 3 Task 4 Task & Task & Task 7
Procurement Pipe Shop Machine Shop
Added Sub
Requirements Task & Task 9 Task 11 Task 12 Assembhy
Yard Definition Prep & Fab
I I Asszmbhy
Task 14 [
I——I Precutfit Cold
Sections Definition Transport Erect/Wet
44 Task 15 |—4 Task 17 Task 18 Berth
Precutfit Hot 1
Blast & Paint Electrical
HME Global
Task 20 Task 13 Testing

Task 21 [
I_[‘ Radar & EWS

Comm & Nav System

Task 22 |4
l: Sea Trids T 7
Task 27 |4 I Task 26 I“ I Task 23 I“
QC & Approval 1 Weapon Systems Aircrsft
Task 24
I ek I-

Task 25

7

Extras
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Cost information on Navigation, Weapons, and Aircraft was similarly obtained and is illustrated below:

Min Unit  Aveg Unit Max Unit
Category Items Quantity Cost Cost Cost Total Cost (SM)
Mavigational Equipment AN/WSN-5 Inertial Navigation System; AN/WRN-6 ; ANISRN-25 (V); MK 4 1 ] 14 20 14.00
MEK 6 MOD 4D Digital Dead Reckoning Tracer
AN/URN-25 TACAN; AN/SPS-64 (V) 91 Band Radar
MNavy Standard Mo. 3 Magnetic Compass;

Total Mavigation system 1 15.84 19.8 23.76 19.80
Chronometer Size Compass . . . .
WS and Global Network Diagram of Warship:Building:  3ss0 437 33.80
Weapons
RIM-66 Standard Missile SM-2MR; RIM-67/RIM-1356 Standard Missile SM-
2ER
RIM-161 Standard Missile SM-3 74 3 3.24 10.07 239.76
Wertical Launch ASROC (VLA) missiles;
MK 41 Vertical Missile Launch Systems (WVLS) 2 38.2 110.1 182 220.20
BGM-109 Tomahawk 1 0.4552 0.569 0.6828 0.57
MEK-46 torpedoes (from two triple tube mounts); 6
Close In Weapon System (CIWS), 1 3.04 3.8 4.56 3.80
Mk-45 (Mod.1/2) 5”/54
RIM Evolved Sea Sparrow Missile (ESSM) 1 0.84 0.905 0.97 0.91
MK 38 self--defense guns
Land-Attack Guns
Other type of Guided Missiles (Guided shell) 10 0.025 0.0375 0.05 0.38
Other type of defined Guns and Torpedoes, missiles, being part of the ship's 1 541.40344  796.77  1296.242 796.77
Total 96 686.96 915.42 1494.57 1262.38
Aircraft MH-60 B/R Seahawk LAMPS lIl helicopters with Penguin/ Hellfire missiles 2 27.693 30.77 60 61.54
MK 46/MK 50 torpedoes

12
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32 [MAClient Projects\MNavy and Department of Defense\2016-06 Cost Estimation for Ship Building\Models\ Cost Estimation Models - Draft 2.rovprojecon] - PROJECT ECONOMICS ANALYSIS TOOL — b4
File Edit Projects Report Tools Language Decimals Help
Welcome to the ROV Project Economics Analysis Tool (PEAT). This tool will help you set up a series of projects or capital investment options, model their cash flows, simulate their risks, and run advanced analytics, perform forecasting and prediction
modeling, and optimize your investment portfolio subject to budgetary and other constraints.
Project Management  Applied Analytics  Risk Simulation Options Strategies  Options Valuation Forecast Prediction Dashboard  Knowledge Center
Static Tornado  Scenario Analysis
Tornado or static sensitivity analysis is performed by perturbing the inputs a
preset amount one at a time to determine the impact on the output variable. -
Start by selecting the Option and Output Variable to test, then set the = & =] Ii" "L’ 4’ ‘%’ '&’ -5) -(P -JT-‘ J;‘ .J—" .J—l* @ |j| 2D .G" @ QL% "hﬁ' i -
sensitivity levels and dick Compute to run.
Ship Building: Expected Project Schedule
Select the Option and Output Variable to run: Task 22| Time Schedule (Wesks) Most Liksly 5400 I 5500
|SPt)BL.ici'1g:ExpectedProjectSd1ed..ie vl Task 21| Time Schedule (Weeks ) MostLikely 400 T 500
Sensitivity +- Reset | Task 23| Time Schedule (Weeks ) Most Likely 4220 [T 5230
Show the top Task 20| Time Schedule (Weeks ) Most Likely 3950 I 4340
; - 2s0 N 50
Show results with Task 24 | Time Schedule (Weeks ) Most Likely
Task 25| Time Schedule (Weeks ) Most Likely 2150 [N 2640
Select the granularity of the sensitivity analysis:
2 & = Task 19| Time Schedule (Weeks ) Most Likely so0 M 100
(O Individual Unique Inputs Task 1] Time Schedule (Wesks) Most Likely 720 MW 880
Line Ite
O Line Items Task 28| Time Schedule (Weeks) Most Likely 720 M 880
(@) Variable Groups
Task 11| Time Schedule (Weeks) Most Likely 540 M 650
340.00 ' 350.00
345.00 355.00
e [ el
[ 3 g _ =
1 Show results with 2 [+| decimals Mame: | Ship Build Schedule Impacts
i o K] I_ Ship Building: Expected Project Schedule | Base Value: 348.00 Changes " T Model
- [}
g Chart| % Up | % Do.. Inputs Qutput Do.. | Qutput Up Range Input Down | Input Up | Base Case Ship Build Cost Critical Success Factors
l7 10.00% | 10.00% | Task 22 | Time Schedule (Weeks) Most Likely 342.00 354.00 12.00 54.00 66.00 60.00 edule Impacts
Edit
l7 10,00% | 10.00% | Task 21 | Time Schedule (Weeks) Most Likely 343.00 353.00 10.00 45.00 55.00 50.00
I7 10,00% | 10.00% | Task 23 | Time Schedule (Weeks) Most Likely 343.20 352.80 9.60 4320 52.80 48.00
l7 10.00% | 10.00% | Task 20 | Time Schedule (Weeks) Most Likely 343.60 352.40 8.80 39.60 4840 44.00 Delete
l7 10.00% | 10.00% | Task 24 | Time Schedule (Weeks) Most Likely 344.40 351.60 7.20 32.40 39.60 36.00
W
— S [P - R R S

13
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Sea Hunter Cost & Analysis of Alternatives

* The figures illustrates the analysis of alternatives or strategic

170 foot Patrol Coastal (PC) by Bollinger Shipyards

options. Based on the pricing policy on PC 14 at the Bollinger 1990 | sia 2000 $2506  inflaton  2.37%
. Direct Labor Direct Materials & Overhead Total Direct Labor Direct Materials & Overhead Total
Machine Shop and Yard, we were able to extrapolate the data TEMIZATION Hous Dolar  Materisls  Overhead Hows  Dollar  Materisls  Overhead
Hull Structure 41,734 5476,602 $122,800 $738,733 51,338,135 41,734 5962,359 5247959 51,491,656 | $2,701,974
for 1990 to current dollar values (2020) for pat rol coastal ( PC) Prapulsion Plant 1,897 521,664 3,254,200 $33578 | §3,309,442 1,807 | $43,744 | $6,570,907 | $67,801 | $6,682,452
. Electric Plant 6,640 £75,829 $307,000 $117,534 $500,363 6,640 §153,114 | 5619,897 $237,326 | $1,010,337
boats' The Monte Ca rlo SImUIated COSt ShOWS a ra nge Of Command and Surveillance 1,497 521,664 5798,200 $33,578 853,447 1,897 543,744 41,611,732 S67,801 $1,723,277
HIH HIH H 0, H H Auxiliary Systems 11,382 5129,982 5798,200 5201472 | 51,129,654 11,382 | $262,462 | 51,611,732 | 5406814 | 52,281,007
516'4 mI”Ion to $32 mI”Ion’ Wlth a 90A) Confldence Interval' Qutfit and Furnishings 15,176 $173,310 5614,000 $268,630 51,055,940 15,176 5349,949 | 51,239,794 $542,420 52,132,163
: : Armament 949 510,838 $122,800 $16,798 $150,436 945 $71,883 | $747,959 533,919 $303,761
Th era nge d € pe n d sont h € num be r Of S h | pS, w h eret h ereisa Integration and Engineering 949 $10,838 $61,400 516,798 589,036 949 521,883 | S123.979 533,919 5179,781
Iea rnlng curve (l.e.’ cost red uces over the course Of multlple ship Assembly and Support Services 14,227 $162,472 461,400 6251832 $475,704 14,227 | $328,065 | $123.979 | $508.501 $960,546
shi ps) The f |gu res also show the simulated expected value of ig“o“::l-m srort o 10 94,851  $1083,198  $6,140,000  $1,678953 s:éﬁz;i? 94,851  $2,187,203 $12,397,938 $3,390,156 5511!;9‘;;5.52:;
PC boats at $2 3 . 6 m | I | io n. GRAND TOTAL UNIT PRICE $9,792,367 $19,772,827
Min Likely Max
Manhours 65,000 94,851 125,000 94,851
- Labor Rate $13.11 $23.06 s47.97 $23.06 As a basis of comparison, we use the 32 foot Sea Hunter
Mediam 132-foot Sea Hunter @ $20 Million Inflation Rate 0.46% 2.37% 1.90% 237% Cost of Sea Hunter in 2020 Is appreximately $20 Million
Disol . development cost (does not include main Direct Materials $6,140,000 | 512,397,938 | 525,788,912 | $12,397,938
U 1P acedrr:{en | payload and other weapons and control Overhead 51,678,953 $3,390,156 57,051,852 53,390,156
nmanned Vesse systems) with daily operating costs between Contractor Profit 9.00% 10.00% 11.00% 10.00%
MDUSV $15,000-520,000 Total Unit Cost for Ship Only (2020 Dollars) $19,772,827
E Total Unit Cost (2020 $) - Risk Simulator For... — O X E Total Unit Cost (2020 $) - Risk Simulator For..  — 0O X
AUTONOMOUS | | T
COMBAT Design a completely Histogram  Statistics Preferences Options Controls Global View Histogram  Statistics | Preferences Options Controls Glaobal View
CAPABILITY new hull . Total Unit Cost (2020 $) (100000 Trials) . Statistics [ Resut
5000 Lia Number of Trials 100000
o — Los Mean 23631,689.4585
1 Median 23.189.671.8936
Lightly Manned 700+ [ Standard Deviation 47425395236
6000 ! Variance 2.249225E+013
> Autonomous 5000 roe Coefficient of Variation 0.2007
» 3 Combat Capability v o Maximum 39515,578.1755
=y LMACC 20004 ros Minimum 11456.802.6384
Y [o2 Range 28.058,775.5371
i, New development @ $20 Million 2000 o2 Skewness 0.2958
: - New Smaller Patrol development cost (does not include e o Kurtasis 04660
> CoaStaI PC l?O_fDOt ma"n payload and Other WEapClnS 12["1:‘36.331 22,185331 32,185331 -lZ’I-‘EE?ﬂ’C'l\ 25:/‘, Percentile 20]]5]920875
LMACC 75% Percentile . 26.946.632.4037
and control systems) Type [Two-Tal LI ‘ 16,426,689 H 10,037,564 ‘Cenainty % IW Percentage Ermor Precision at95% Confidence 0.1244%
Cost for overhaul and recommission estimated @ $433 Million.
. Costs for updating operational capability (communications,
R.ecommlssmn computers, fire-control, hotel services requiring substantial work).
> Retired FFG]’ Perry The cost of manning, sustaining, schooling, training etc. have not
Class Frigates been included. These ship building funds would not be available to 14

be programmed into acquisition of new ships.
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Sea Hunter Cost & Analysis of Alternatives

* The figures illustrates the analysis of alternatives or strategic

170 foot Patrol Coastal (PC) by Bollinger Shipyards

options. Based on the pricing policy on PC 14 at the Bollinger 1990 | sia 2000 $2506  inflaton  2.37%
. Direct Labor Direct Materials & Overhead Total Direct Labor Direct Materials & Overhead Total
Machine Shop and Yard, we were able to extrapolate the data TEMIZATION Hous Dolar  Materisls  Overhead Hows  Dollar  Materisls  Overhead
Hull Structure 41,734 5476,602 $122,800 $738,733 51,338,135 41,734 5962,359 5247959 51,491,656 | $2,701,974
for 1990 to current dollar values (2020) for pat rol coastal ( PC) Prapulsion Plant 1,897 521,664 3,254,200 $33578 | §3,309,442 1,807 | $43,744 | $6,570,907 | $67,801 | $6,682,452
. Electric Plant 6,640 £75,829 $307,000 $117,534 $500,363 6,640 §153,114 | 5619,897 $237,326 | $1,010,337
boats' The Monte Ca rlo SImUIated COSt ShOWS a ra nge Of Command and Surveillance 1,497 521,664 5798,200 $33,578 853,447 1,897 543,744 41,611,732 S67,801 $1,723,277
HIH HIH H 0, H H Auxiliary Systems 11,382 5129,982 5798,200 5201472 | 51,129,654 11,382 | $262,462 | 51,611,732 | 5406814 | 52,281,007
516'4 mI”Ion to $32 mI”Ion’ Wlth a 90A) Confldence Interval' Qutfit and Furnishings 15,176 $173,310 5614,000 $268,630 51,055,940 15,176 5349,949 | 51,239,794 $542,420 52,132,163
: : Armament 949 510,838 $122,800 $16,798 $150,436 945 $71,883 | $747,959 533,919 $303,761
Th era nge d € pe n d sont h € num be r Of S h | pS, w h eret h ereisa Integration and Engineering 949 $10,838 $61,400 516,798 589,036 949 521,883 | S123.979 533,919 5179,781
Iea rnlng curve (l.e.’ cost red uces over the course Of multlple ship Assembly and Support Services 14,227 $162,472 461,400 6251832 $475,704 14,227 | $328,065 | $123.979 | $508.501 $960,546
shi ps) The f |gu res also show the simulated expected value of ig“o“::l-m srort o 10 94,851  $1083,198  $6,140,000  $1,678953 s:éﬁz;i? 94,851  $2,187,203 $12,397,938 $3,390,156 5511!;9‘;;5.52:;
PC boats at $2 3 . 6 m | I | io n. GRAND TOTAL UNIT PRICE $9,792,367 $19,772,827
Min Likely Max
Manhours 65,000 94,851 125,000 94,851
- Labor Rate $13.11 $23.06 s47.97 $23.06 As a basis of comparison, we use the 32 foot Sea Hunter
Mediam 132-foot Sea Hunter @ $20 Million Inflation Rate 0.46% 2.37% 1.90% 237% Cost of Sea Hunter in 2020 Is appreximately $20 Million
Disol . development cost (does not include main Direct Materials $6,140,000 | 512,397,938 | 525,788,912 | $12,397,938
U 1P acedrr:{en | payload and other weapons and control Overhead 51,678,953 $3,390,156 57,051,852 53,390,156
nmanned Vesse systems) with daily operating costs between Contractor Profit 9.00% 10.00% 11.00% 10.00%
MDUSV $15,000-520,000 Total Unit Cost for Ship Only (2020 Dollars) $19,772,827
E Total Unit Cost (2020 $) - Risk Simulator For... — O X E Total Unit Cost (2020 $) - Risk Simulator For..  — 0O X
AUTONOMOUS | | T
COMBAT Design a completely Histogram  Statistics Preferences Options Controls Global View Histogram  Statistics | Preferences Options Controls Glaobal View
CAPABILITY new hull . Total Unit Cost (2020 $) (100000 Trials) . Statistics [ Resut
5000 Lia Number of Trials 100000
o — Los Mean 23631,689.4585
1 Median 23.189.671.8936
Lightly Manned 700+ [ Standard Deviation 47425395236
6000 ! Variance 2.249225E+013
> Autonomous 5000 roe Coefficient of Variation 0.2007
» 3 Combat Capability v o Maximum 39515,578.1755
=y LMACC 20004 ros Minimum 11456.802.6384
Y [o2 Range 28.058,775.5371
i, New development @ $20 Million 2000 o2 Skewness 0.2958
: - New Smaller Patrol development cost (does not include e o Kurtasis 04660
> CoaStaI PC l?O_fDOt ma"n payload and Other WEapClnS 12["1:‘36.331 22,185331 32,185331 -lZ’I-‘EE?ﬂ’C'l\ 25:/‘, Percentile 20]]5]920875
LMACC 75% Percentile . 26.946.632.4037
and control systems) Type [Two-Tal LI ‘ 16,426,689 H 10,037,564 ‘Cenainty % IW Percentage Ermor Precision at95% Confidence 0.1244%
Cost for overhaul and recommission estimated @ $433 Million.
. Costs for updating operational capability (communications,
R.ecommlssmn computers, fire-control, hotel services requiring substantial work).
> Retired FFG]’ Perry The cost of manning, sustaining, schooling, training etc. have not
Class Frigates been included. These ship building funds would not be available to 15

be programmed into acquisition of new ships.
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* Using the same approach, we can estimate using notional

values to determine the costs of the three alternatives as Acquisition Cost ($ Billion) [with LCS Mission Packages]

2 proposed using a life cycle of 30 years, with a single ooton Option 2 Option3
replacement in Year 15. The figures ShOW the Confidence Lol Compat Sh Ships | Costs SB | Cost/Unit| Ships | Costs $B [Cost/Unit| Ships | Costs SB |Cost/Unit
. . . ittoral Comba ip 53 33.20 0.626 28 17.10 0.611 53 33.100 0.625
intervals of the costs and simulated values. Sea Fighter has a LtoralCombat s (cG Varant) |25 [ 1210 | oas4 | o 0

bl . arpe arye Mational Security Cutter 5 2.90 0.580 5 2.60 0.520 25 12.500 0.500

ER life-cycle cost of $181.9 million versus $4.76 billion for the National Security Cutter (CG Variant] 0 20 | 1070 | 0535 | 0
DDG 51 FLT I” Offshore Patrol Cutter 1] 25 11.10 0.444 0

Acquisition Cost (5 Billion) [without LCS Mission Packages]

- Option 1 Option 2 Option 3
r R Ships | Costs 5B |Cost/Unit| Ships | Costs $B |Cost/Unit| Ships | Costs $B |Cost/Unit
Littoral Combat Ship 53 29.80 0.562 28 15.30 0.546 33 29.70 0.560
14,000.00 Littoral Combat Ship (CG Variant) 25 12,10 0.484 0 0
0 DDG FLT Il PV Lifetime Cost: ($M) National Security Cutter 5 2.90 0.580 5 2.60 0.520 25 12.500 0.500
12.000.00 o LMACC Sea Fighter PV Lifetime Cost ($M): National Security Cutter (CG Variant [1] 20 10.70 0.535 0
Offshore Patrol Cutter 0 25 11.10 0.444 0
10,000.00 -
Total Lifecycle Cost (5 Billion) [Discounted to NPV from 2009-2055]
8,000.00
Option 1 QOption 2 Option 3
000,00 Ships | Costs SB |Cost/Unit| Ships | Costs SB [Cost/Unit| Ships | Costs $B |Cost/Unit
! : Littoral Combat Ship 108 65.10 0.603 58 35.30 0.609 108 65.900 0.610
Littoral Combat Ship (CG Variant) 50 23.30 0.466 ] 0
4,000.00 - MNational Security Cutter 13 10.40 0.800 13 9.90 0.762 53 31.200 0.589
National Security Cutter (CG Variant [1] 40 25.00 0.625 0
2.000.00 Offshore Patrol Cutter 0 50 21.60 0.432 0
Total Lifecycle Costs include acquisition costs, cost of replacing the ship one time, cost of operating the ships (fuel, maintenance of structures
0.00 T T T T T T 1 and systems, and personnel costs)
0.00 1.00000 2,00000 300000 400000 500000 6,00000 7,000.00
S > Option 1 explores the feasibility of having the Coast Guard buy a variant of the Nawvy's LCS—specifically, the semiplaning monohull—to use as its offshore patrol cutter.

(The rationale for this option is that, according to some analysts, the NSC's longer mission range and higher endurance might make it better suited than the LCS to act
as a “patrol frigate,” which would allow the Navy to carry out certain activities—maritime security, engagement, and humanitarian operations—outlined in the
sea services’ new maritime strategy.)

Alternative 2 ($ Millions) 1 2 E 4 5 6 7 -3 9 10 - 28 29 20
Ship Cast (Platform Only, including Contract, Design, and Acquisition): 520,00
Additi Cost [ Electrical, Sensors): 57.00
Ship Op i and il Cost y (O&M): S3.00 $3.12 53.24 £3.37 53.51 53.65 $3.80 53.08 $4.11 54.27 SB.65 59.00 50.36
Any Typical Ship i and ificati Cost:
Personnel Cost Pear Year: 51.00 51.04 $1.08 5112 5117 §1.22 5127 $1.32 51.37 51.42 $2.88 $3.00 $3.12
Any Nonrecurring Costs: 53.00
Decommissioning Costs at End of Life: 50.00
MNet Costs Per Year: $34.00 $4.16 54.33 $4.50 5468 $4.87 $5.06 $5.26 $5.47 $5.69 $11.53 511.99 $12.47
Total Lifetime Cost: $308.37

PC Sea Hunter Total Present Value of Lifetime Cost ($M): $162.10




Dl Conclusions & Recommendations

A SCHOOL

e The current research is still progressing, but preliminary results show a promising
trajectory with the cost savings on Sea Hunter.

* This current study is based on publicly available information and data. In addition,
when necessary, rough order magnitude notional values were used and assumed. In
addition, a standard hull configuration is assumed instead of specific design
specifications with more detailed cost data and precise modeling.
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