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ABSTRACT

The arsenal ship program is unique and requires examining the possible features of
a paradigm shift in ship design. This thesis presents a user-friendly model with which a
decision maker can perform tradeoff analyses between adding specific systems and
technologies to the arsenal.ship or adding the escort services of combatant ships. The
goal of the model is to produce configuration alternatives with high arsenal ship
survivability subject to a budget constraint. The model also examines operational logistics
by predicting the sustainability of forces with specified arsenal ship configurations. As
some inputs are necessarily speculative at this stage, the model is formatted parametricaily
to facilitate easy updating. A balanced arsenal ship design incorporating point defense,
stealth, and hardening is the most attractive choice for littoral operations when life cycle
costs are considered. The naval component must also be balanced, reinforcing the notion
that stealth and staying power are important in an arsenal ship task force containing DDG-
S1s and SC-21s.
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DISCLAIMER

This thesis contains a computer model which incorporates spread sheets, macros,
Turbo Pascal source code, and executable files. While the authors have made every
possible attempt to validate input data and exercise the model for all conditions, the
computer model has not been validated by an independent source. The user is cautioned
that some data included is perishible as costs will change. Additionally, the data
incorporated in the model is unclassified; classified data may be required for the best

results.
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EXECUTIVE SUMMARY

The development of an arsenal ship reaffirms the Navy’s resolve to meet changing
post-Cold War threats. Forward. . . From the Sea outlines the Navy’s response for the
current world order. Empbhasis is on projecting power from littoral regions with naval
expeditionary forces to support joint operations. In the littoral, the ship has little time to
defend against advanced cruise missiles fired from land.

In designing the ship, a determination must be made on what configuration (of
passive systems, active systems, and protection provided by other warships) will give the
most survivability for a given price. The unique mission of the arsenal ship and the new
contracting procedures of the arsenal ship program require that we examine the possibility
of a paradigm shift in ship design. The ship will carry minimal active self-defense systems,
so studies involving the incorporation of stealth and hardening design features (such as
selective armoring) are warranted.

The Arsenal Ship Tradeoff Analysis Model consists of a spreadsheet interface for
data input, result output, and Pascal program execution. Since by definition the design
alternatives are speculative at this stage, the model is formatted parametrically to facilitate
easy updating. Because the procurement, operating, and support costs of an arsenal ship
are as yet unknown, we consider the incremental life cycle costs of adding systems over
the base ship in our study. A baseline ship is an arsenal ship without any defensive
systems. We believe that we can more accurately estimate these incremental costs than
the cost of a conceptually new baseline ship. |

The Arsenal Ship Tradeoff Analysis Survivability Sub-model is designed to track
configurations, costs, and survivability. Our objective is to present a user-friendly model
with which a decision maker can perform tradeoff analyses between adding specific
systems and technologies to the arsenal ship and adding the protective services of other
warships. The Survivability sub-model produces configuration alternatives with high

arsenal ship survivability subject to a budget constraint. The model allows us to gain
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insight into and draw conclusions about the value of hardening and stealth features for
naval ship designs in general.

For a wide range of circumstances and measure. of effectiveness, the analysis
shows that building survivability into the arsenal ship is almost always preferred to
assigning escorts, even when only a small fraction (18.6%) of the surface combatant’s life
cycle cost 15 charged against the escort role. Qur recommendation for ar~enal ship
survivability features is to incorporate stealth, point self-defense systems, and hardening
into the design.

Stealth characteristics and hard kill systems are, by the analysis, the features
appearing in preferred designs most often. Sensitivity analysis strongly supports a
moderate investment in siealth. ‘

Even though hard kill systems were more commonly seen in the analytically
preferred results than soft kill systems, we believe soft kill systems are essential for littoral
operations. First, soft kill is synergistic with stealth, and the effectiveness of soft kill is
amplified. Second, soft kill measures have been highly effective in actual combat, but hard
kill systems remain largely unproven Operating in littoral waters with current rules of
engagement (weapons not free) makes the arsenal ship vulnerable to initial and sudden
attacks without ample time to respond with hard kill.

Our model shows that when surprise attacks occur, hardening is a very attractive
feature of ship design. The additional staying power to remain mission capable after at
least one hit will help ensure that the arsenal ship’s 500-plus missiles are not rendered
useless by a lucky or cheap shot.

We have gone to some pains to show that stealth, ship hardening, and defensive
short range, hard and soft kill systems are complementary. For example, stealth adds
nothing when the arsenal ship is firing a large missile volley, radiating, subject to air attack
with bombs, surface gunfire attack, or a submarine launched torpedo attack. But,
hardening retains its effectiveness in all these circumstances.

Our overall conclusion is that stealth, ship hardening, and some set of modemn

point defense (hard and soft) are, in view of their modest cost in construction and

xiv




operating personnel, well worth the modest cost on the margin because the arsenal ship’s
concept of operation requires that it be exposed to major attack.

Operational logistics is examined by exploring the custainability of different
naval component forces in the Sustainability Sub-Model. The arsenal ship program would
make little sense if the ship could not improve the naval component’s time on station. A
highly survivable ship contributes to a force’s sustainability. Sustainablity is not only
measured in days on station, but also in terms of incoming missiles that can be countered,
since the solution is scenario-dependent. This key aspect of logistical rotusiness has not
received the attention it deserves.

The arsenal ship alleviates the requirement to frequently cycle surface combatants
with fewer VLS cells from the scene of action off station to a replenishment site and Back
again into the action. By its presence, the arsenal ship will sustain other surface
combatants on station. It can rerrain on station longer than any other ship for a given
missile delivery rate, but when its weapons are expended the reload problem will take it
off station for a considerable amount of time.

A balanced design will seek to maximize the arsenal ship’s net delivered
firepower over the combat life of the ship. Incorporating all features listed is, according
to the analysis, tantamount to over-designing arsenal ship survival features, when its
survival with those fearures is compared to the survival of the accompanying present-day
surface combatants. Since the DDG-51 and CG-47 cost roughly the same to procure as
an arsenal ship-plus-missile load-out, and they will be less survi able, this may appear out
of balance. However, in the future as more Arleigh Burke destroyers and SC-21 type
warships enter the fleet, matching stealth and superior hardness will provide operational

balance.
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L. INTRODUCTICN

A. BACKGROUND

On May 23, 1996, the Defense Advanced Research Projects Agency (DARPA)
released the Arsenal Ship Program Solicitation. Ths arsenal ship wiil be designed
commercially and benefit from streamlined contracting procedures with early contractor
involvement. The program is managed by the Arsenal Ship Jcint Program Office, under
the cognizance of DARPA, and will follow a five stage process. In July, five industry
teams were awarded Phase One contracts to develop preliminary designs. Phase One will
last for six months, after which the top two teams will be awarded Phase Two (one year)
contracts to develop more detailed, functional designs. In Phase Three, one team will be
selected to construct a prototype or demonstrator. Phases Four and Five constitute
operational evaluation and production [Ref5. 1 and 2].

1. Requirements '

The Naval Postgraduate Scnool’s Total Ship System Engineering (TSSE) team has
been tasked to develop an arsenal ship design which might assist in exploring options
being considered by industry teams. Betore designing the ship, a determination must be
made on what configuration (of passive systems, active systems, and protection from
escort ships) will give the most survivabiiity for a given price. Maximizing survivability of
the arsenal ship subject to cost constraints will produce the numbers and types of system
subcomponents necessary to meet a required level of survivability. This thesis focuses on
the survivability of the arsenal ship and will provide a tool for the TSSE team. Validating
the draft capabilities defined for the arsenal ship is not an objective.

The authors’ recent participation in the Future Navy Game II provided insight for
the model as well as another avenue for employing the model. We were invited to
participate because of our familiarity with the arsenal ship program, and the game
considered force calculi with differing numbers of arsenal ships. The seminar war game is
part of a series of games sponsored by the Office of the Secretary of Defense Director of

Net Assessment with the goal of examining the “operational and organizational
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implications of a Navy precisicn-maneuver strategy against a large peer competitor in the
2020 timeframe.” Results from the game series will be used in the Navy Long Range
Planning Process and the PR99 assessment cycle. [Ref. 3] The participants are given a
limited budget to buy advanced systems, and then play a scenario with their chosen
systems. The game is evolving and becoming more analytical; recently small Excel
spreadsheet models have been incorporated to aid in estimating mine warfare capabilities
and strategic airlift scheduling. Operational logistics and the effects of attrition on naval
forces are largely neglected. The sustainability portion of our model could prove useful
for this and other future war games.

2. Threats and Employment Concept

The development of an arsenal ship reaffirms the Navy’s resolve to meet changing
post-Cold War threats. Forward . . . From ihe Sea outlines the Navy’s response for the
current world order. Emphasis is on projecting power from littoral regions with naval
expeditionary forces to support joint operations. Surface ships with theater ballistic
missile defense capabilities presumably foster conventional deterrence by discouraging the
proliferation of ballistic missiles by our allies aad adversaries. Such forces provide theater
Coimmanders-in-Chief with rapid response, measures to control escalation, and a transition
force able to act before land-based troops arrive in theater in the event of a major regional
contingency. [Ref 4]

According to the Capabilities Document, the arsenal ship will have two main
missions; its primary mission is long-range strike and invasion stopping, and its secondary
mission consists of tactical strike, fire support, battlefield interdiction, and battlespace
dominance support (theater air defense, anti-air warfare, tactical ballistic missile defense)
[Ref. 1]. A total force of five or six forward-deployed arsenal ships is envisioned. Arsenal
ships will bolster the essential surge response capabilities and provide the theater
Commander-in-Chief with a new operational maneuver element. These ships will carry an
array of vertically launched weapons into littoral regions to support a land campaign,
They will operate under the control and protection of multi-mission combatants, including

Aegis cruisers and destroyers. Table 1 delineates representative target sets the arsenal ship




might engage, and Table 2 lists weapons the ship should be able to carry to counter each

threat.

r Land Maneuve [National/Regional C4] Manned A/C Long-Range Artillery
attle Groups (e.g.,|Space Control TBMs, UAVs TBMs
Cruise Missiles  [Logistics Assets
SAM/AAA
nor-Heavy [Nationzl and Regional C41 [Manned A/C Long-Range Artillery
. [TBMs
SAM/AAA
ivisions/BDEs
Military Region District  [Manned A/C Medium-Range
C41 SAM/AAA |Attillery
) [ ogistics Assets
i National CMD Authority {OP Bases Light  [Logistics Assets
[Military Concentrations  [A/C Coastal Patrol [Economic Asset Local
ICraft Forces

TLAM ATACMS IATACMS, SLAM
TLAM-C/D TLAM-C/D
AM-BAT Naval Gunfire
AM-C KVGAS/SCRAM)
M-2/ATACMS-BAT [SM-2/ ATACMS-BAT |ATACMS IATACMS, SLAM
AM-BAT, SLAM TLAM-BAT SLAM [TLAM-C/D [TLAM-C/D Navai
Strike-SM Strike-SM Gunfire
(VGAS/SCRAM)
TACMS TLAM-D IATACMS IATACMS, SLAM
LAM ATACMS-ER TLAM-C/D Naval
trike-SM . Guafire
(VGAS/SCRAM)
aval Gunfire TLAM-C IATACMS IATACMS
VGAS/SCRAM) Naval Guufire  [Naval Guofire
(VGAS/SCRAM) KVGAS/SCRAM)

Tablc 2. Weapons to counter target sets from Ref. [1].

While the arsenal ship will add new capabilities, it will also face new threats. The

littoral affords less space for operations, and the interface between sea and shore is where

chaos is most prevalent. Fighting in the littoral subjects the ship to attacks from shore
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with more advanced missiles. These factors result in less time to react to an incoming
missile attack.

3. Design Philosophy

Conceptually, the arsenal ship is a force multiplier and shouid function as a cost-
effective, remote missile magazine. The target unit price is $450 muilion or less with a
ceiling of $550 million in FY 98 dollars The design life is thirty five years. The ship may
be unmanned or manned with 50 or fewer pecple. Projections for the arsenal ship include
approximately 500 vertical launch cells; targeting will be accomplished by other ships with
Cooperative Engagement Capability (CEC) cr similar links and an over-the-horizon
(OTH) satellite link. The ship must carry sufficient fuel, consumables, and repair parts to
support a ninety-day mission. It must also be capable of underway refueling and
accommoduting SH-60., V-22, and CH-46 aircraft with landing area and limited services
[Ref. 1].

Regarding arsenal ship survivability, OPNAV N8 states:

Though (the) arsenal ship will operate in any threat
environment under the protective umbrella of battle force
combatants, it must be survivable against 21st century anti-
ship missiles, torpedoes, and mines. An affordable balance
of active and passive on-board self defense features is
necessary. Active self defense should be roughly equivalent
to that of a combat logistics force ship. Passive defense
should capitalize on the benefits of mass (tonnage) and
innovative applications of multiple hull integrity and
signature reduction [Ref. 1].

B.. PREVIOUS STUDIES

Numerous studies have assessed the staying power of ships or proposed means to
extend surface ships’ ability to take hits and continue fighting. Incorporating steaith
technology reduces susceptibility. Many sources, including the Joint Munitions
Effectiveness Manuals cite the effectiveness of combat systems on susceptibility or

survivability. A thesis by John Schulte [Ref. 5] reminds us that ships can be hit by ASCMs

even with layered defenses. Further, empirical evidence and predictive equations




presented Ly Schulte and Humphrey [Ref. 6] show that current ships (with the exception
of aircraft carriers) are not built to the Timex standard. They cannot “take a licking and
keep on ticking.” The Naval Surface Warfare Center (NSWC), Carderock Division
analyzed the effectiveness of anti-vulnerability features in ship design and reports that the
judicious application of hardening can greatly improve a ship’s survivability without

" becoming cost prohibitive or losing much maneuverability. [Ref. 7]. In the Military Worth
of Staying Power, Hughes states that through staying power, the military worth of a vessel
is sustained and can be measured by the “maximum accurately delivered ordnance over the

combat life of a warship” [Ref. 8].
A great deal of valuable work has been accomplished to date. Yet, no study

consvlidates the above issues in a cost effectiveness study of an arsenal ship’s survivability
and the task force’s sustainabability.
C. MOTIVATION AND PROBLEM DEFINITION

The intent of the arsenal ship program is to provide a relatively low-cost platform
to operate in the littoral regions. The unique mission of the arsenal ship and the new
contracting procedures of the arsenal ship program require that we examine the possibility
of a paradigm shift in ship design. The ship will cairy minimal active self-defense systems,
so studies involving the incorporation of stealth and hardening design features (such as
selective armoring) are warranted. While not written specifically about *he arsenal ship,
the excerpt below from an article in the Naval Engineers Journal summarizes the problem
well.

There has been significant change in national policy
and naval strategy over thie last decade. We are now
focused to provide forward presence in peacetime and make
a critical contribution to power projection during the
transition from crisis to conflict. Our recent experience
indicates that these operations requirc force structures
higher than we can sustain with our current investment
accounts. The prospect for additional funding is dim, so we
must become more efficient in the utilization of our '
resources. One of the keys is to determine the proper
balance of stealih, EW and hard kill systems for our nexi
generation of surface combatant.

5




. . . By these means we can significantly improve
. ship staying power and overall mission effectiveness. . . . To
- accomplish these benefits, the Navy will need to develop
new concepts for littoral operations and conduct tradeoffs
where stealth, EW, and hard kill are balanced and not
treated as mutually exclusive. The result will be force
multiplying with a higher probability of mission success and
survival. [Ref. 9]

Our objective is to develop a user-friendly model with which a decision maker can
perform tradeoff analyses between adding specific systems and technologies to the arsenal
ship and adding the protective services of other warships. The immediate goal of the
model is to produce configuration alternatives with high arsenal ship survivatbility subject
to a budget constraint, Since by definition the design alternatives are speculative at this
stage, the model is formatted parametrically to facilitate easy updating. The model will
also allow us to gain insight into and draw conclusions about the value of hardening and
stealth features for naval ship designs in general.

Operational logistics is examined by exploring the sustainability of different naval
component forces. The arsenal ship program would make little sense if the ship could not
improve the naval component’s time on station. A highly survivable ship contributes to a
force’s suatainability. Sustainability is not only measured in days on station, but also in

terms of incoming missiles that can be countered, since the solution is scenario-dependent.

This key aspect of logistical robustness has not received the attention it deserves.
Related to this issue is the projection in the Surface Combatant Force Level Study
that around the year 2010 “The requirements for in-theater surface combatants exceeded

the numbers needed to escort CVBGs and ARGs by a considerable portion” [Ref. 10].

The situation is true now more than ever. The surface fleet has down-sized while “Surface
combatants have evolved into major combatants in their own right, able to make
ﬁ significant contributions to the joint campaign. . . [Ref. 10].

Since VLS tubes are not currently replenished at sea, an arsenal ship task force
inay prove invaluable in the opening days of a conflict. The new platform may alleviate

3 the need of removing warships from their tasks to rearm, which would require rotating
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replacement ships into the theater. Comparisons will be made between forces with and
without an arsenal ship, and an arsenal ship missile load-out that maximizes the naval
component’s sustainability for a major regional contingency (MRC) will be offered.

This thesis focuses on the threat to an arsenal ship from anti-ship cruise missiles
(ASCMs), which are presumed the most serious and likely threat in the littoral arena.
Since 1970, cruise missiles have caused more damage to warships and shipping than all
other threats combined. Obviously ASCMs are not the only threat. Mines and torped. :s
are nemeses that must be dealt with. While a ship can be hardened to withstand damage
from contact torpedoes, under hull torpedo or mine explosions are threats not easily
designed against. Other weapons, including gunfire and bomb raids on the ship can be
approximated in the model by changing the input ASCM explosive weight. The
methodology of the model can be applied to mine and torpedo threats, but even if effective
countermeasures could be traded-off, the authors believe that synergistic effects of vastly
different threats cannot be modeled responsibly or reliably. A pragmatic approach to
coping with the torpedo threat is to assume that ASW assets are required and deduct their
cost from the top of the available budget. The mine threat can be minimized by collecting
intelligence observations, avoiding areas known to be mined, and maintaining current

surveys of underwater characteristes for arcas of interest (Q-route surveys).




II. MODEL DEVELOPMENT AND PHILOSOPHY

A. SURVIVABILITY EQUATION DEVELOPMENT

This section defines requisite terms, states assumptions, and derives our
survivability equation. The survivability equation is the base measure of effectiveness
applied in our iterative survivability model which can then be compared against cost.
Detailed derivations of individual probabilities appearing as multiplicative factors in said
equation appear later.

A naval ship’s survivability is “the capacity of a surface ship to avoid and/or
withstand a man made hostile environment while performing its mission” [Ref. 11]. Hence
survivability depends on susceptibility to attack and vulnerability once stricken.

Susceptibility is defined as the probability of being hit (Py:) and represents “the
inability of a ship to avoid the sensors, weapons, and weapons effects of that man-made
hostile environment” [Ref. 11]. The susceptibility of the arsenal ship is a function of
factors internal and external to the ship. If escorted by surface combatants, the number
and types of ships in formation are important. Escorted or not, active and passive
defensive systems on the arsenal ship affect susceptibility. For example, the susceptibility
of an escorted arsenal ship under missile attack depends on the effectiveness of the
defending escort’s weapons. Ifmissiles leak through the escort’s protective umbrella
(called leakers), the arsenal ship’s point defense systems and degree of stealth factor into
its susceptibility.

Vulnerability is the conditional probability that a ship is killed given that it is hit
(Puinpse) by a bomb, missile , torpedo, or mine [Ref. 11]. Values for (Puupst) depend on
physical characteristics of the ship and incoming weapon employed. Historically, studies
of ship vulnerability consider one or both of two degrees of vulnerability — the probability
that a ship is rendered not mission capable or the probability that a ship is sunk. This
thesis only considers mission kills. Hence, vulnerability is defined more narrowly as the
conditional probability that the arsenal ship is rendered not mission capable by an incoming

projectile.

9
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The arsenal ship is unique in that it requires input from CEC capable ships or
satellites to accomplish its mission. Consequently, the arsenal ship can suffer a mission kill
if it remains intact but has no platform nearby to control it weapons. The effects of
escort attrition are considered significant, are estimated in the model, and will be
addressed later.

In the purest sense, vulnerability is assessed by the ratio of hits the ship sustains to
its staying power —— the number of hits from a specitied weapon required to affect a
mission kill (Na). Applying the results of Richard Humphrey’s Warship Damage Rules
for Naval Wargaming, staying power can be calculated as: Na=C(D/Hg)'? ,where C is a
fitted constant based on an comprehensive study of ships damaged in World War II; D is
the displacement of the arsenal ship in tons, and Hg is the explosive weight of the
projectile in pounds [Ref. 6].

A more recent thesis by John Schulte derived an alternative formula for staying
power [Ref 5]. As shown Table 3 below, both methods produce similar results.

Schulte’s thesis considered Exocet missile and equivalents, so, for comparison, we used
the Exocet’s explosive weight in Humphrey’s equation. We incorporated the Humphrey
equation into our model because it considered larger ships. The Schulte thesis studied 222

cruise missile firings, but no targeted ship exceeded 7000 tons.

FFG-7 . 5500 1.91 1.74
DDG-51 8300 1.86 1.97
DD-963 9100 - 1.95 2.02

CcG-47 9600 2.00 2.06

Arsenal Ship 20000 2.89 2.52
Arsenal Ship 40000 4.08 3.02

Table 3. Comparison of staying power calculation results using an Exocet equivalent net
explosive weight.

The goal is to assess an arsenal ship’s survivability. We define survivability (Sa) as

the arithmetic complement of the probability of a mission kill (Pxi;). The probability of a
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mission kil is the product of the arsenal ship’s susceptibility and vulnerability. Therefore,
arsenal ship survivability against a missile is: Sa = 1-(Puie) Puapsr) = (1-Puan).

Expressed in terms of the number of notional missiles fired and the resulting
number of Ieékers, arsenal ship survivability can be calculated as: S4 = 1-(MQ/N,), where
M is the number of well-aimed missiles; Q is the probability of leakers; and N, is the
staying power in hits. Hardness features can be incorporated into the ship design that will
increase the staying power by a factor of H. Assuming missile firings are independent,
identically distributed events with P(leaker) = Q, then leakers aré distributed binomially
with parameters M and Q. Therefore, the expected number of leakers is: E[leakers] =
MQ and the expected damage to the arsenal ship is: E[damage] = MQ/(N,H).

Q can be decomposed into probabilities for individual events as shown in Table 4.

For a leaker to strike the arsenal ship the following must all occur.

Defending escort does not kill incoming missile Qae
Missile not affected by arsenal ship stealth Qas
Arsenal ship soft kill measures fail Qap
Arsenal ship point defense systems are ineffective Qaa
Note: Ascociated probabilities are derived below.

Table 4. Probabilities Contributing to a Leaker Damaging the Arsenal Ship

The resuitaut equation for survivability is: S4 = 1-(MQaeQasQarQaa /(NaH) )
B. KI1LL PROBABILITY DERIVATIONS

In this section the parameters for determining the survivability of the Arsenal ship

are given.
INDICES
i Soft kill systems
] Hard kiil systems
t Escort types (ship classes)
UNIT QUANTITY
n, Number of units of type t
11
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SOFT KILL SYSTEMS

These systems conduct soft kills on a shot. Systems like ESM and Chaff'Torch
divert a shot after the arsenal ship has been targeted by the ASCM.
HARD KILL SYSTEMS

Point defense systems physically kill leakers. The Mark 15 Vulcan Phalanx Close-
in-Weapon-System CIWS, rolling airframe missile (RAM), 5”54 gun, and Evolved Sea
Sparrow (ESS) are examples.

ESCORT TYPES

Cruisers (CG-47 Class - Ticonderoga), Destroyers (DDG-51 Class - Arleigh
Burke), (DD-963 Class - Spruance), Frigates (FFG-7 Class - Oliver Hazard Perry).
PROBABILITIES OF KILL

Paz  Probability that escorts can kill an incoming shot.

Note: P, is arepresentation of the aggregate probabilities. The value varies in

the simulation. Details of the iterative approach appear in Chapter III.

P, Probability that a system of type i can effect a soft kill of an incoming shot.

P, Probability that a system of type j can kill an incoming shot.

P. Probability that stealth precludes an incoming shot.

MISSILE LEAKER PROBABILITIES
Q,; Probability that the arsenal ship is not protected by the defending escort.

m
| =[(-2,) |
¥ Q,s Probability that stealth does not preclude an incoming shot.
ot =[a-») |
- Q,, Probability that the arsenal ship does not sHft kill an incoming shot.

-[n6-2)




Q.. Probability that arsenal ship point defenses do not kill an

incoming, shot.
-{-2)

C.  COSTING ASSUMPTIONS

Since the procurement, operating, and support costs of an arsenal ship are as yet
unknown, we consider the incremental cost of adding systems over the base ship in our
study. A base ship is an arsenal ship without any defensive systems. We believe that we
can more accurately estimate these incremental costs than the cost of a conceptually new
ship itself.

By conducting the tradeoff analysis using incremental costs, we also avoid some
difficult questions of arsenal ship O&S costs. These will depend on several unresolved
issues, the two most significant are:

1. The ship’s manning level is unknown, and a rotation scheme such as blue-and-

gold crews may be used.

2. While desired capabilities have been published, how the ship will operate has

not been established.

While most calculations in the model do not require the base cost of the arsenal
ship, our estimates for the price of adding stealth and hardening do. In tliese instances, we
use the target cost of $450 million reported in the Arsenal Ship Program Solicitation. This
figure, which may be high, still affords $100 million for procuring defensive systems based
on the ceiling established in Ref A. Details of cost calculations are provided in Chapter
Iv.
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IIl. MODEL FLOW AND FUNCTION

The Arsenal Ship Tradeoff Analysis Model is designed to track configurations,
costs, survivability and sustainability. It is not intended to be a combat simulation. Only
those elements required to predict expectations of the desired output are incorporated in
the model.

The Arsenal Tradeoff Analysis Model overview in Figure 1 is actually comprised
of two smaller sub-models. The Survivability sub-mode! aids decision makers in
determining the best combination of arsenal ship self defense features |
and escorts. The Sustainability sub-model tests a specifically designed arsenal ship
deployed within a task force to determine the force’s sustainability. Both sub-models are
described below.

Run
Survivabiit
Mode! with fomery
r Pascal
Input Enumerate Program
Parameters System Display Output
from Excel Combinations y with Excel
Spreadsheet with Pascal Spreadsheet
Program Run
Sustainabilit
—p{ Model with
Pascal
Program

Figure 1: Flow of the Arsenal Ship Trade-Off Analysis Program.

A. SURVIVABILITY SUB-MODEL

1. Input Section

The Survivability sub-model consists of a spreadsheet input section, two Pascal
programs, and a spreadsheet output display. In the input section, the user enters
parameters, scenario, and limiting factors for consideration in generating arsenal ship
configurations. After all inputs are made, the user is prompted to save the parameters to a
data file which is formatied for use by other programs in the model. Chapter IV will cover
the inputs in greater detail, and the User’s Guide (Appendix C ) describes the input
procedures.
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2. Enumeration Program

This second step in the survivability model uses a Pascal program to enumerate all
possible combinations of arsenal ship self-defense features and escorts with the parameters
from the input section. It stores them in a file formatted for reading by the Survivability
program.

3. Survivability Program

The third step is to r