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The U.S. Coast Guard is presently studying candidate advan
replace its aging cutters. Severa] programs have been inj
cles that best fulfil] required missions.. These pro
aids, test and -demonstration of existing AMVs,
designs.

ced marine vehicles (AMVs) to
tiated to evaluate marine vehi-
grams include development of decision
and development of state-of-the-art point

The Research and Development Center has developed measures of effectiveness of AMVs in
séarch and rescue, enforcement of Jaws and treaties, marine environmental protection, and
military readiness missions. The MOEs are based on a probability of mission success and
can be calculatad based on existing data bases or test data. These MOEs provide a quanti-
tative assessment of a craft's ability to perform a mission under specified operational
and environmental constraints. An example is presented of how to use the MOEs in the proc-
ess of evaiuating candidats craft to renlace existing cutters or procure new cnes.

Craft characteristics of AMVs were updated based on state-of-the-art technology. They
were then incorporated in the Cuttar Resources Effectiveness Evaluation (CREZ) computer
model, which was convertad from FORTRAN IV to BASIC to allow it to run on an HP-9845 inter-
active desktop computer. Volume II is a user's guide for the program.

Measures of Zffactiveness, Advanced Document is available to the U.S. public
Marine Vehicles, Missions, Computer through the National Technical
Model, CREZ Model !Information Service, Springfield,
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PREFACE

This report has been prepared for the U.S. Coast Guard by
the Systems Integration Department of Analysis & Technol-
ogy, Inc., under contract 0TCG-39-81-C-80349. The princi-
pal author was Louis C. Tedeschi. Significant contribu-
tions by other A&T employees included Ralph L. Volk for MOE
development, George E. Selecman for updating craft charac-

teristics, and Chris Heidtman for the CREE model conver-
sion.

This effort was coordinated for the Coast Guard by Clark
Pritchett of the U.S. Coast Guard Research and Development
Center, Avery Point. Coast Guard personnel who contributed
significantly included Dave Motherway (R&DC); LT Tim W.
Hylton (G-0SR-3); LT Richard Lang (G-OLE); LT Brian Hunter

(G-OLE); and LCDR Dave Isbell (G-OMR).
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SECTION 1
INTRODUCTION

The objective of this report is to present proposed measures of effectiveness
(MOEs) for the evaluation of conventional and advanced marine vehicles in sup-
port of U.S. Coast Guard missions. This final report completes the require-
ments of Contract Number DTCG-39-81-C-80349 by including the results of the
three specified tasks:

1. Measures of effectiveness for four specified missions including the
rationale for their development and guidelines followed. The utility of the
MOEs was demonstrated by calculating numerical values based on existing data
available from Coast Guard data bases and test results of advanced marine
vehicles.

2. Craft characteristic data for conventional and advanced marine vehi-
cles were updated and graphically presented in standard naval architecture
convention consistent with CREE computer model application.

3. Conversion of the CREE computer model from FORTRAN IV to HP Extended
BASIC on the HP 98458 desktop computer to provide interactive capability at
the Office of R&D at Coast Guard Headquarters. This included preparation of
the program tape and user's guide.

This report also focuses the application of present efforts in the CG Research
and Development Center on the evaluation of advanced marine vehicles. These
efforts include defining measures of effectiveness, conducting tests and
operational demonstrations, and developing evaluation aids. An approach is
proposed applying these MOEs to the evaluation of potential candidates to
replace existing cutters or procure new ones.

1-1



SECTION 2
MOE DEVELOPMENT

2.1 INTRODUCTION

2.1.1 Objective

The objective for the development of measures of effectiveness (MOEs) is to
provide a quantitative appraisal of performance as applied to a specified
craft in fulfilling a Coast Guard mission. The "measurement" process is con-
sidered in the broadest sense as an evaluation process of a candidate marine
vehicle's capability.

A multimission craft could be evaluated on the basis of the weighted sum of
individual mission MOEs. The weights would be established by the cutter

acquisition manager on the basis of operational requirements for the particu-
lar ship class such as WPB or WMEC.

2.1.2 Approach

The process followed in developing MOEs is defined below.
1. A draft of the proposed MOE development guidance was discussed with
each of the above mission manager's staff and comments were solicited on the

proposed approach. The resulting guidance is detailed in section 2.2.

2. Each mission and mission element was defined for the following four
Coast Guard programs:

a. Search and rescue (SAR),
b. Enforcement of laws and treaties (ELT),

2-1



C. Marine environmental protection (MEP), and

d. Military readiness (MR).

3. Mission statements and proposed mission MOEs were reviewed by Coast
Guard personnel.

4. Historical data, such as the SAR data base, was reviewed to provide a
basis for each mission operational requirement.

5. Scenarios for each mission were considered and a statistical method
of evaluating numerous scenarios was developed.

6. MOE relationships were developed.

7. MOEs were verified with sample calculations with empirical data from
established data bases or sea trial.

2.2 MOE DEVELOPMENT GUIDANCE

The following guidance was adopted for the development of measures of effec-
tiveness.

2.2.1 Structural Requirements

The proposed - structure for mission MOEs should satisfy four considerations as
follows:

1. Consistent across mission areas for later combination into craft
multimission capability,

2. Supportable with available or measurable data,

2-2



3. Accurately reflect important mission factors, and

4. Capable of distinguishing between craft types.

2.2.2 Types of MOEs

Types of MOEs that could have been selected include:

1. Efficiency measures such as transport efficiency for a transit cal-
culate the craft's ability to transport a given payload a specified distance
within a specified time considering fuel utilized.

2. Probability of success which calculates the probability of a craft

making a transit considering constraints on payload, time, distance, and fuel
used.

3. Qualitative measures provide relative merit of capability based on
subjective judgements of expert opinion.

Although all three measures could have been used, a heavy emphasis was given
to probability of success as a measure of effectiveness in order to provide
consistent measures for all missions and emphasize objective evaluations.
Where subjective measures may be required, the broadest base of expert opinion
will be utilized to minimize individual preference.

The combined effect of several measures will require development of weight

factors based on judgements of management as to the relative emphasis to be
placed on various program elements.

2.2.3 Hierarchical Structure

The MOEs will be structured in a hierarchy as depicted in figure 2-1.
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FIGURE 2-1. MOE HIERARCHICAL STRUCTURE
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1. Overall Craft MOE. Overall measure of craft effectiveness when
craft availability, operational performance, and life cycle costs are consid-
ered.

2. Mission MOE. Overall measure of mission effectiveness under con-
straints specified by operational requirements. Combines the total effect of
mission element MOEs.

3. Mission Element MOE. Fundamental elements to be accomplished for

performance of the mission. Elements for ELT mission are depicted in fig-
ure 2-2.

4. Scenario MOE. For each mission element, alternative scenarios which
are representative of different operational concepts will be constructed.
Several scenarios may be combined when a statistical data base is available.

5. Task Group MOE. A combination of individual task MOEs which occur
frequently. Group MOEs are defined in the CREE model.

6. Task MOE. Measure of craft capability to accomplish each task. Task
MOEs are the basic building blocks combined into group MOEs structured in a
scenario which considers the operational constraints to calculate mission
element /mission MOEs.

2.3 OPERATIONAL REQUIREMENTS
2.3.1 Definition
Operational requirements (ORs) as specified by the Coast Guard Headquarters

Program Manager for each mission define "what" must be done to fulfill that
mission and the constraints for getting it done.
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DISTINGUISHING CHARACTERISTICS

CG OPERAT IONAL CG OPERATING CASELOQAD
MISSION ELEMENTS CONCEPT REGI ON TRAFFIC
INTERDICT ION
Drugs Barrier Patrol Assigned Random
Immigration Seize & Escort Fixed Overall Traffic
Customs Area Known
MONITORING
Foreign Fisheries Fixed Patrol Assigned Known
Domestic Fisheries Pattern Escort Variable
Endangered Species Area
SURVE ILLANCE
Protection of Random Patrol Fixed Random
Offshore Assets Response to Call Location Unknown Caseload
INVESTIGATION
Piracy Case Response * Known Random
Mutiny Locate Investigate Location/ Rough Estimate

Area of Cases

FIGURE 2-2., ELT MISSION ELEMENTS
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ORs are independent of any craft/vehicle characteristics and are dictated
only by nature, law, or policy. They provide the constraints for the develop-
ment of MOEs and structuring of scenarios.

2.3.2 Scope

ORs may be further divided into the following elements:

1. Caseload. State of nature which cannot be controlled by Coast Guard
such as:

a. Number of responses required and distribution by number of lives
saved, persons assisted, distance from shore of assist caller,
and value of property saved based on SAR statistics and projec-
tions, or

b. Distribution of drug traffic by numbers, size, and speed of
smugglers.

2. Environment. Distributions of sea state and depth of water.

3. Time. Length of time personnel can survive in various sea condi-

tions. Response time required to prevent loss of property, or mission dura-
tion of patrol.

4. Resources. Resource constraints to accomplish mission including
operating personnel, fuel, and facilities.

5. Procedural. Constraints imposed by Coast Guard operating procedures
such as obtaining statement of no objection (SONQ) before boarding suspicious
boats flying foreign flags.



2.4 SEARCH AND RESCUE MOE

2.4.1 SAR Mission

The primary mission of SAR is saving lives. The next most important effort,
often concurrent with saving lives, is saving of property. This is followed

by rendering assistance on water to personnel by providing less acute medical
aid or by providing services such as towing disabled craft to a safe harbor.

2.4.2 Present SAR Measures

Several measures are presently included in the yearly SAR Statistics Report to
help planners assess the performance of the SAR system:

280 x (lives saved) + (property loss prevented)

s (operating costs in thousands of dollars)
B = (lives saved)

(Tives saved) + (Tives lost after CG notice)
¢ = _persons otherwise assisted

" number of responses for station

p = Number of responses for station
number of responses service wide

A productivity ranking for SAR stations/units is obtained by averaging the
ranking for each of the four measures described above.

2.4.3 SAR Operational Regquirements

The SAR requirements are well documented in the SAR data base and are avail-
able from yearly reports of SAR statistics prepared by G-OSR-3. The following
information will be used as the basis for developing and evaluating SAR MOEs.



1. Caseload.

a. Distribution of cases by distances from SAR station to scene
(prior to start of search).

b. Distribution of search distances based on search times and
search speeds.

c. Distribution of displacement of towed craft.
2. Environment.

a. Distribution of sea states based on yearly averages and on dis-
tances from shore.

b. Distribution of depth of water for each case.
3. Time.
a. Average time to get underway.

b. Probability of survival versus time to rescue after notifica-
tion.

C. Probability of property loss versus time to assist after notifi-
cation.

4. Resources. SAR stations used as the basis for the aforementioned
statistics are readily available. Closing of SAR stations can have a signifi-
cant impact on distribution of distances to cases.

5. Procedures. A SAR unit must be held in a high readiness condition and
dispatched on command. This affects availability requirements for craft and

time to get underway after CG notification.
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2.4.4 SAR MOE

1. Definition. In applying existing measures to the comparison of
craft capabilities, the saving of lives predominates and hence can be used as
the single distinguishing measure. This assumes, as discussed in section 5.3.2,
that all candidate craft will be equally capable of saving property. The
capabilities for towing, boarding, dewatering, and fighting fires will be
specified as requirements that will be met by all point designs.

The SAR measure of effectiveness for a craft would then be defined:

SAR MOE = probability of saving lives given notification.

2. Calculation. The probability of success of saving lives can be
determined by comparing the time-to-arrival-on-scene (total time) with the
probability of no fatality occurring within the same arrival time.

The on-scene arrival times (total) can be calculated by summing the con-
stant and variable times of the phases described in the following paragraphs.

The overall MOE is determined from statistical averaging based upon the time
distribution of each individual phase.

Getting Underway Time (Tl)

Since getting underway can be assumed to be relatively constant from craft to
craft, this constant time Tl can be added to the other distributions shifting
the mean and leaving the variance unchanged. It is assumed to be 15 minutes
or .25 hour in this sample calculation.

Transit Time Distribution (fT}

The distribution of transit times can be calculated from three known distribu-
tions and functions depicted in figuras 2-3 and 2-4 for this sample
calculation.
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The first step in calculation of the transit times distribution is to deter-
mine the distribution of maximum velocities, fv, from probability distribu-
tion of sea states, f(SS)’ by using a transformation on craft velocity versus
sea state. The resultant probability distribution of velocities, fv, is shown
in figure 2-3c.

This distribution of velocities can be combined with the known distribution of
possible case distances, fD (figure 2-4) resulting in a joint probability
distribution of transit times, fT, shown in figure 2-5. This calculation uses
the same Jacobian transformation as in the single variable case and the simple
relationship:

T =D0D/V.

For discrete distributions, a simple computer sum is used rather than integra-
tion.

Search Time Distribution (fs)

The distribution of search times can be calculated using search rates and a
distribution of areas to be searched. In this example, the distribution of
search times from SAR statistics depicted in figure 2-6 is used.

On-Scene Arrival Time Distribution (fTota])
Finally, the distribution of total on-scene arrival times (fTotal) can be cal-
culated by summing the distributions of underway time, transit time, and

search time as shown in figure 2-7.

Probability of No Fatality

In order to compare this total time distribution to the survival time, a sur-
vival probability was calculated. The survival probability is based on l-PF
where PF is the probability of any fatality. This distribution was calculated
by G-OSR-3 based on SAR statistics and is shown in figure 2-8.
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Probability of Saving Lives

Thus, for any one case, the probability of saving a 1ife(s) can be determined
by calculating the total time for arrival on scene and determining the prob-
ability of survival from figure 2-8. To consider all cases, the probability
of each total on-scene arrival time can be multiplied by the related probabil-
ity of no-fatality for that time. The normalized sum of these products thus

provides a measure of probability of success. The value of the calculations
for this data is:

MOE SAR = 98.9 percent probability of success for saving lives given
notification.

This MOE is useful in planning when assessing the effectiveness of a vessel in

the SAR system. Its usefulness at a resource level or its application on a
case-by-case basis has not been established.

2.4.5 AMV Evaluation for SAR Mission

From the previous sample calculations, it can be seen that the resultant prob-
ability of success in saving lives is dependent on AMV speed in a seaway. The
sensitivity of this speed for the SAR OR distributions selected is greatly
influenced by the probability of no-fatality distribution. This distribution
indicates that on-scene arrival time must be less than two hours to have any
significant influence in saving lives.

The value of speed in a seaway for the SAR mission can also be measured by
evaluating the impact of selectively closing SAR stations. This would
increase the average response distance and hence response time. For faster
cutters, the decrease in SAR MOE would be minimal when compared to slow craft.

Additional effort is required to refine distributions to be used and particu-
larly to investigate the validity of the probability of no-fatality distribu-
tion. However, the proposed MOE definition is valid and has been verified by
the sample calculations.
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The decision that must be faced is determining the acceptable probability of
success in saving lives. However, the evaluation of AMV candidates does not
require determination of an absolute measure. When the two vehicles are com-
pared, the greater value of MOE indicates a more capable vessel. Without a
specified probability of success in saving lives, the acceptability of the AMV
will not be known.

2.5 ENFORCEMENT OF LAWS AND TREATIES MOE
2.5.1 ELT Mission

Enforcement of laws and treaties covers a wide variety of tasks and may be
further divided in mission elements as previously dep1cted in figure 2-3.
These elements include:

1. Interdiction. Establishing a barrier patrol to detect, search, and
seize vessels and personnel carrying contraband goods, drugs, or illegal

aliens. Although the search area is established, traffic is random and unpre-
dictable.

2. Monitoring. Conducting a patrol for the purpose of monitoring
domestic and foreign fishing enterprises and protection of endangered spe-

cies. The patrol pattern is well established and traffic is often predict-
able.

3. Surveillance. An increasing number of offshore assets such as 0il
rigs and sea-bottom mining operations require protection from domestic and

foreign saboteurs. A patrol to establish presence and/or a rapid response for
assistance may be required.

4. Investigation. Acts of piracy or mutiny require the investigation
by Taw enforcement officers of the sea. Although unpredictable, such acts
require immediate response by the Coast Guard to protect the safety of inno-
cent personnel and aver% more serious consequences.

5. Response to Intelligence. Rapid response by Coast Guard to reports
of drug or alien smuggling.
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2.5.2 Present ELT Measures

Two extreme viewpoints are often taken in evaluating the effectiveness of any
law enforcement agency:

1. Deterrence. By maintaining a presence, lawbreakers are deterred
from breaking the law and hence very few are apprehended. Thus, an effective-
ness measure is time dedicated to patrolling an area.

2. Apprehension. When the violation rate is fairly constant and a good
law enforcement agency apprehends law breakers. Hence, an effectiveness
measure is the total number of offenders apprehended.

A third viewpoint considers lawbreakers as entrepreneurs who weigh the finan-
cial and personal risk of apprehension. It recognizes that there is some
truth and a logical interdependency between the two previously discussed
extreme views. This view may be stated as follows:

3. Increase Risk. A violator will continue to break the law until he
perceives that his personal risk is unacceptable and that his return on
investment could be greater through another enterprise.

Thus, an increased apprehension rate will make risks greater and slow the vio-
lation rate until the apprehension rate decreases to acceptable levels. This
provides a dynamic situation where a fixed number of assets with constant

capability may be excessively or insufficiently effective as the violation
rate varies.

An ELT MOE derived from the last viewpoint is a specified global interdiction
or apprehension rate that is commensurate with the return on investment:

MOE ELT = number of apprehensions of violators
estimate of total traffic of violators

2-17



The effective numerical value considering personal risk is highly subjective.
However, financial risk may be calculated for some elements such as drug smug-
gling by considering open-market value of seized goods, estimated costs for
smuggling, and current market investment rates.

In applying the above measures to evaluation of AMVs and conventional vehi-
cles, interdiction is the most representative element of ELT mission and is
receiving the greatest emphasis at the present time. The following discussion
will thus be focused on this mission element.

2.5.3 ELT Operational Requirements

Although the caseload distribution and other statistics for all ELT elements
are available, interdiction is the most important. The barrier patrol is a
representative scenario and is considered below as an example.
1. Caseload. For each barrier considered such as the Yucatan channel:
a. Barrier length and/or area.
b. Rate of traffic both legal and illegal.

C. Distribution of distances from ports to barrier.

d. Distinguishing characteristics of smugglers such as length or
displacement.

2. Environment.
a. Distribution of sea states during transit and at patrol area.

b. Depth distribution during transit and at patrol area.
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3. Time.
a. Time to get underway.
b. Mission duration.

C. Distribution of boarding time including delays for statement of
no objection.

4. Resources.

a. Location of home ports.

b. Refueling capability in operating area.
5. Procedural.

a. Statement of no objection to boarding may be required before
boarding suspicious vessels flying foreign flags.

b. Additional personnel will be required as custody crew.

C. Seized vessels will be escorted or towed back to home port.

2.5.4 ELT MCE

1. Definition. Given the OR specified in the previous saectiom, a pro-
posed mission measure of effectiveness for ELT can be defined as:

MOE ELT = interdiction rate achieved within some specific mission time.
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The mission duration TM is the sum of the following times:

TT = time to transit to barrier,
Tp = patrol time on station, and
TR = time to return to station.

The time to get underway (.25 hours) in the case of ELT is insignificant when
compared to typical mission duration (240 hours).

TM is usually a specified value for a given craft such as 10 days.

TT can be calculated (as is the SAR case) given a distribution of distances to
patrol area, sea states, and velocity versus sea state for craft.

TR can be calculated similar to TT’ assuming the return speed is fixed by the
requirement to tow and/or escort seized vessels:

Thus, patrol time TP = TM - TT - TR

TP is the most important parameter since on-station time determines the number
of smugglers interdicted and number of patrol vessels required. The patrol

time can be further subdivided into:

TS = time spent searching, and

T

time spent boarding vessels, including standby time to obtain
permission to board foreign-flag vessels,

8

where TP = TS + TB
For a given TP available, there is a tradeoff between boarding and search
efforts. An excessive amount of time spent boarding will reduce the time
spent searching for other vesseis to board. Conversely, interdiction cannot
occur unless a vessel is boarded. The fraction of vessels interdicted can be
defined as:
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Number of smugglers seized during TP
I

~ Number of smugglers entering barrier during TP

2. Scenario. In order to calculate an interdiction rate, a barrier sce-
nario wiil be described to define terms used in subsequent calculations.

Figure 2-9 illustrates the geometry and defines terms utilized. Figure 2-10
lists several formulations for probability of detection (POD) that can be used
in the constraints specified. The choice of POD is dependent upon the search
tactic employed. The optimum tactic for a specified set of conditions will be
the subject of future discussion.

Figure 2-11 depicts a decision tree which illustrates the logical breakdown
of events and subsequent results of a cutter on barrier patrol. Figure 2-12
summarizes the possible actions of the patrol vessels and barrier traffic.
The values depicted are representative of actual practice and obtained from
G-OLE.

3. MOE Calculation. The overall measure of effectiveness for ELT
should consider the long term results of several barrier patrols. Thus, an
effective definition is:

ELT MOE = long-term interdiction rate I

The interdiction rate, as previously defined, is given by:

number of smugglers seized (NSS)

I= total number of smugglers entering barrier (NSP)

The craft's interdiction rate while on scene will be derived below. The
interdiction rate for each patrol will then be combined with time on scene to
achieve the long term interdiction rate.
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D, = BARRIER DEPTH (nmi)

D, = BARRIER LENGTH (nmi)

W = SEARCH VESSEL SWEEP WIDTH (nmi)

V = SEARCH VESSEL SPEED (knots)

U = PENETRATOR SPEED (knots)

R = PENETRATOR RATE (VESSELS PER HOUR)
BARRIER PARAMETERS

r = V/U SPEED RATIO

D2-W COVERAGE FACTOR
w

>

FIGURE 2-3. ELT BARRIER PATROL
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DETECTION

S,(123%) YES NO 1.§,(87.7%)

W
NO (41.8%) (87.4%) NO

S, (58.2%) YES YES S, (12.6%)

BOARDED BOAEDED
? © 9

NO (20%)

SMUGGLER SMUGGLER
' (80%] | YES '
ESCAPE
YES (20%] (80%] ‘ YES
S, (80%) S; (20%)
NO CASE
(62.3%]
[ FALSE ALARM )
\_ 103%] ]
( SEIZURE
\ (8.0%] /
S, = FRACTION SUSPICIOUS GIVEN DETECTION
82 = FRACTION BOARDED GIVEN SUSPICIOUS
S; = FRACTION BOARDED GIVEN NOT SUSPICIOUS
S, = FRACTION SMUGGLER GIVEN BOARDING GIVEN SUSPICIOUS
Ss = FRACTION SMUGGLER GIVEN BOARDING GIVEN NOT SUSPICIOUS
SB = FRACTION BOARDED GIVEN DETECTION
Sgg = FRACTION SMUGGLERS GIVEN BOARDING
(XX%) ‘= PERCENTAGES OF OCCURRENCE BASED ON PATROL REPORTS

[XX%] = ESTIMATED

FIGURE 2-11. ELT BARRIER PATROL DECISION TREE
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SMUGGLER NOT SMUGGLER TOTALS
BOARD SEIZURE FALSE ALARM? 18.3%
8.0% 10.3% )
DON'T BOARD ESCAPE! NO CASE 81.7%
19.4% 62.3% :
TOTALS 27.4% 72.6% 100.0%
NOTES: 1. Type I error.

2. Type II error.

FIGURE 2-12.
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It is assumed that the penetrator rate R, which includes only small vessels
of interest penetrating the barrier per hour, and speed of penetrators U are
constant throughout the patrol period TP. Then,

Ngp = RTpSgr

where SST is the fraction of the vessels of interest which are smugglers
approaching the barrier.

Calculation of NSS requires an analysis of distribution of efforts between
searching and boarding.

During a mission, the total time spent searching TS may be calculated by:

TS = NF tS >

number of vessels found or detected, and

average time spent searching for each vessel.

The average time spent searching for each vessel detected which can also be
considered as the time between detections is:

=1
S POD xR

t
PODs defined in figure 2-10 are a function of the speed ratio r and coverage
factor A only and are not affected by time. However, both r and A will
be affected by sea state, thus PODs will be a function of sea state and hence
have a probability distribution of occurrence. To simplify calculations, POD
may be taken as an average value. This will result in an average time for
detection and average time spent searching, thus:
Ne

Ts * PO X ]
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Similarly, the time spent boarding is:

g tg

=
]

B number of vessels boarded, and

t
[}

g = average time spent boarding a vessel including closing vessel, delay
times, and physically boarding.

The number of vessels boarded NB is dependent on the particular tactics to be
employed. The choices are:

a. Board all vessels detected (S2 = 53 =1).
b. Board only suspicious vessels (S2 =1, S5 = 0).

C. Board all suspicious vessels and some unsuspicious vessels (52 =1,
S3 = specified).

The choice of tactics to be utilized depends on the vessel traffic and time
- required to board. As the barrier penetrator rate increases, the patrol ves-

sel will be saturated. This may occur instantaneously by two closely spaced
arrivals or continuously throughout the patrol.

The concept of saturation requires considerable discussion and further inves-
tigation. The following is an outline of the proposed approach. To simplify
initial definition, the search vessel will be considered to be performing
either of two mutually exclusive tasks: searching or boarding. Saturation
will be defined as occurring when the average time to board is greater than

the average time between detections when the search vessel is not boarding.
Thus:

- T . 1
3>t =*gxpm °
Therefore, the saturation penetrator rate RS is given by:

= —1
tB x PQOD
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When RS is exceeded, the patrol vessel is physically incapable of boarding all
suspicious vessels penetrating the barrier during the patrol.

The general expression for relating numbers boarded to number detected can be
calculated from figure 2-9 and is given by:

| NB = [Sz Sl + S3 (1‘51)] NF

where S1 is given from experience and 52, 53 are variables that depend on
boarding tactics employed. Thus, time spent boarding:

TB = NB tB =[52 Sl + S3 (1-51)] NF tB
The total patrol time is then:

N
_ _ F -
TP B TS * TB PO xR T [52 Sl * S3 (1-51)] Ne tg

Solving for the number detected/found:

. T
Ne =

P
1 .
PO xR * L5251+ 53 (1-5))]1 tg

The number of smugglers seized, based on boarding strategy, can now be related
to the total number of vessels detected by utilizing figure 2-9:

Ngs = [Sy S5 Sq + (1-51) S3 Sg1 Np
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The total number of smugglers seized is thus:

$s T -
pop xR T [S2 51+ 53 (1-5))1 ¢t

The interdiction rate can now be expressed as the number seized divided by the
total number of smugglers entering the barrier:

Nss g (Sy Sp Sq + (1-57) S5 S5) Tp
b NSP ) RTP SST L + [S, Sy + S, (1-5,)]1 T
P xR+ [S2 S * S3 (1-59)1 1

51 Sp Sy *+ (1-59) S5 Sg POD

SsT 1+ (S, S; + S5 (1-5))1 POD x R x T,

—
|

For the case when only suspicious vessels are boarded, 52 =1, S, = 0.

3
= T+, (POD) Rt

Utilizing some typical values for Yucatan channel and conventional WPB:

02 = 97 nmi W =15 nmi A = 5.47 nmi
U =8 kts | V =10 kts r=1.25
PODR = 0.19 PODm1 = 0.22 PODm2 = 0.25 POD_, = 0.24
R =1/2 vessel/hr < Rg S; =0.123
fé = 2 hours Sq = 0.80
S¢t = 0.274
R 1 1

= 2 vessels/hour

wn
A
1}
.
wun
no
[}

T POD x T
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. 51 54 POD
S T+ (P00) Rig

((0.123) (0. 80) ) ( (.25) )
(0.274) T+ (0.1257 (0.25) (%) (2

0.088

I

Utilizing an AMV such as with V =32 kts r =4 A =5.47

POD, = 0.62 POD_ = 0.63 POD_ = 0.64 POD_, = 0.57
1 2
= (0.123) (0.80) 0.64 -
(0.2743) T+ (.125) (0.64) (%) (2) .

Each patrol will have a different interdiction rate. For a series of patrols,
each craft's ability to interdict will depend on its time on station.

The long-term interdiction rate will depend on the ratio of the total num-

ber of smugglers seized, NSS’ to number entering barrier during the same

time frame. Therefore,

ELT MOE = long-term interdiction rate I = —=

For N patrols each with interdiction rate Ii

i (NgpI) 4 =

53 1 i

i

M=
nhmM=

. (RTp Sqrl);

if average values are used,



Then, the total number of smugglers depends on the sum total of times for
each mission assuming that no gap exists between start of each mission.

Ngp = MRTySer

Therefore,

SR TS

n RTP SSTI -(TP>I
The on-station patrol time TP thus plays an important role in determining
the overall mission MOE.

Given the distribution of sea states, velocity versus sea state for craft, and
distances to barrier, transit time TP and return time TR can be calculated for
the above example as was done for the SAR MOE. Thus,

(Ty = Te = To)
ELT MOE = —N TT R_ 1
M
(Te + Tp) :
ELT MOE = |1 - TT R™ )1
M

When there are gaps in the start of a mission due to the unavailability of the
craft, an availability factor Ao must be included in the overall ELT MOE.
Reduced availability decreases on-station patrol time and has the same effect
as increasing the effective mission duration. Substituting

where

TMD = mission time when delay time considered

—
1}

0 delay time in port
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Tun + T

T

p - Tt -Tq
+ T !
o ¥ Tp

MD

ELT MOE =

Since the availability factor A0 is defined

T

A = uptime  _ MD
0 uptime + delay time TMD + TD
then
T+ T
ELT MOE = | 1 - A ( L R) I
MD

2.5.5 AMV Evaluatijon for ELT Mission

~ The above definition of ELT MOE provides a means of evaluating the relative
worth of speed in a seaway of performance of the barrier scenario. Speed

in a seaway provides a significant improvement in probability of detection
and transit time to the barrier. The effectiveness of speed must be weighed
against the average boarding time and vessel traffic.

The above measure is useful in providing the ability to perform sensitivity
analysis for the above parameters, in defining craft characteristics such
as the operating profile, and in determining total number of patrol vessels
required for varying vessel traffic. These detailed tradeoffs are beyond
the scope of this report, and should be pursued in the future.
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2.6 MARINE ENVIRONMENTAL PROTECTION MOE
2.6.1 MEP Mission

The marine environmental protection (MEP) mission can be divided into two ele-
ments:

1. Preventative measures which require inspections in port and various
shore facilities as well as port patrol, and

2. Corrective measures which require responsive action to limit contam-
ination and clean up the environment.

The latter element is more relevant to the evaluation of AMVs and conventional
cutters that would have multimission responsibilities including SAR and ELT.
Thus, the analysis of the MEP mission will focus on the control of offshore
0il spills and other hazardous materials.

There are three phases in the control of oil spills or removal of hazardous
material after initial notification of the Coast Guard.

1. Response. During this phase, trained personnel and pollution con-
trol equipment are transported to the scene. The primary vehicle capabilities

required are:

a. Payload capacity for above personnel and supporting equipment,
and

b. Speed in seaway to minimize transit time.
2. Containment. During the next phase, containment booms are deployed

and positioned to minimize dispersion of pollutant. Additional efforts may be
required to stop or reduce dispersion rate of effluent. Local coordination of
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effort and communication with shore command is required to appraise authori-
ties of the current situation. The primary vehicle capabilities required are:

a. Deploy and position pollution response equipment.

b. Act as on-scene commander.

c. Support diving operations.

d. Support fire-fighting operations.

e. Support damage-control operations.

f. Refloat grounded vessels.

3. Removal. The final phase requires removal of the pollutant from the

environment including transportation from the scene to a safe location for

reprocessing/storage. The primary vehicle capabilities required are:

a. Pumping pollutant into containment vessel such as an inflatable
bag or ship tanks.

b. Transportation of pollutant from the scene to reprocessing/stor-
age center.

2.6.2 Present MEP Measures

At present, measures of effectiveness for MEP include the ability to contain
and remove a specified size spill within a given time.

MOE MEP = probability of removing a XXX gal. offshore
011 spill within YY days
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The stress on containment exceeds any necessary time constraints. Ability for
timely removal is important only to the extent that it allows efficient
removal of pollutant without threat to the environment.

2.6.3 MEP Operational Requirements

The operational requirements for MEP as they pertain to control of pollutant
discharges at sea include:

1. Caseload

a. Number, types of spills, and distribution of their distances
from response centers.

b. Quantity and flow rate versus time distribution.

2. Environment
a. Distribution of sea states transiting and on-site of spills.
b. Dispersion rate of effluent versus sea state.

c. Boom containment efficiency versus sea state.

a. Time required to assemble response team.

b. Time to load pollution control equipment.

c. Dispersion rate of effluent versus time.
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4. Resources
a. Response centers and locations.
b. Response team numbers and locations.
C. Pollution control equipment available.
d. Delivery equipment such as fast delivery sleds. _
e. Containment tanks/vessels.
f. Storage and/or reprocessing centers.
5. Procedural
a. Response team activation process.

b. On-scene commander and reporting responsibilities.

2.6.4 MEP MOE

1. Definition. Based on the OR for MEP, a mission measure of effective-
ness may be expressed in terms of probability of removing a pollutant from the
environment, assuming a distribution of pollutant quantities, effluent flow
rates, environmental conditions, and case distances from MEP response
centers.

MEP MOE = probability of removing pollutant given alert, and

MEPmoe = Prsa * PRt Pxsc o
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where

PR/A = probability of responding given alert,

PC/R = probability of containment given response, and

PX/C = probability of removal given contaimment.

Each of these three conditional probabilities can be factored further as
described in the following sections.

~2. Calculations.

Response Probability (

Pr/a)

O
|

L/A = probability of loading necessary equipment and personnel, and

n
|

L~ probability of transitting to scene of incident given equipment
and personnel loaded aboard.

PL/A imposes a payload requirement on a vessel. In the approach proposed for
evaluation, this would be expressed in terms of tons of payload capacity, deck
space requirement, and cargo handling capability for craft design under con-
sideration. If a fast delivery sled is to be employed, these requirements can
be considerably reduced and tow requireménts imposed.

PT/L can be treated in much the same manner as transit probability in SAR MOE,
where the case distance and sea state distributions are combined with craft
velocity versus sea state to obtain a distribution of transit time. For MEP,
the craft velocity distribution may be modified to reflect a tow capability
for the fast delivery sled or other equipment. Utilizing the fast delivery
sled or deck loaded gear presents two possible scenarios that would require
adaptation of PL/A and PT/L for each case.
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antainment Probability (PC/R)

P =P « P

C/R A/R F/R

where

PA/R = probability of area containment given response, and

PF/R = probability of flow containment given response.

It will be assumed that both probabilities are independent. This will require
an area dispersion rate as a function of time only and an effluent flow rate
as an independent function of time.

PA/R will require a capability to deploy and maneuver the containment boom
under a given sea state distribution at the scene. Both capabilities will be
highly influenced by sea state, the deployment being a two-state variable,
whereas the boom positioning and effectiveness being a continuous function of
sea state. The calculation of probability of area containment will require
the measurement of an effective area containment versus time so that it can be
matched against dispersion rate as illustrated in figure 2-13. The resultant
combination, when considering response time, would provide a probability of
containing the effluent within a certain area.

PF/R may require a considerable number of capabilities including damage con-
trol, fire fighting, diving, and towing. Assignment of appropriate values for
probability of success given occurrence is highly subjective and much more
difficult.

Although this is a logical capability to be measured, in most practical
instances flow cannot be controlled and hence a measure of the containment
probability is directly related to area containment only.
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Removal Probability (

Pysc)

Perc = P

p/c " Pssp
where

PP/C = probability of pumping given containment, and

PS/P probability of storage given pumping.

PP/C requires the ability to carry pumps with necessary capacity and to
maneuver over the dispersion area or along the containment boom to collect
spilled effluent. The evaluation of PP/C will require consideration of cur-
rent MEP hardware capabilities including skimming barriers with some contain-
ment and pumping capacity.

Required rate of removal will depend on total contairment, effluent rate, and
time available for removal. The time available is in turn dependent on influ-
ence of sea state on removal rate, crew effectiveness, and vehicle maneuver-
ability as well as craft on-station endurance.

PS/P requires a storage capacity and ability to transfer on-site storage to a
permanent relocation such as reprocessing center or waste disposal tank.

There are two alternate approaches to provide this capability. The first is
to utilize storage capacity within the craft; the other is to utilize external
Storage tanks such as rubber inflatable systems or vessels of opportunity.

The probability of success for this phase is dependent on the survival of the
craft and/or external tanks in a sea state and/or the ability to tow and reach
the final destination in given envirommental conditions.

2.6.5 AMV Evaluation for MEP Mission

The above analysis of MEP mission provides some insights into craft character-
istic requirements. The sensitivity of the MOE to craft payload, speed, sea-
keeping, maneuvering, and towing is dependent upon the specific OR rejuire-
ments expressed in terms of distributions of distances of incidences from
response centers, sea states, contaimment quantities, and effluent rates.
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It would appear that high containment quantities and effluent rates will
require large conventional ships, whereas long distances, smaller quantities,
and moderate seas would favor advanced marine vehicles. A quantitative analy-
sis is required to establish specific vehicle sizes and crossover values.

This analysis is beyond the scope of this report and should be addressed at a
later date. '

2.7 MILITARY READINESS MOE

2.7.1 MR Mission

During war, hostilities, or under other special conditions, the U.S. Coast
Guard may be requested to support the U.S. Navy in naval military operations.
Mission areas and required operational capabilities (ROCs) for each class of
Coast Guard cutters are defined in OPNAV INSTRUCTION C3501.2E and a recent
COMMANDANT DIRECTIVE.

Each warfare area such as antiair warfare (AAW) and antisubmarine warfare
(ASW) is further divided into specific required capabilities. Some of these
capabilities require personnel skills while others require both equipment and
personnel. The AMV evaluation method described in section 2 proposes to spe-
cify a common mission payload including equipment and personnel for all AMV
candidates, thus the area of interest is craft sizing and performance to
accomplish the required missions. Specifically, only ROCs that affect craft
Characteristics need be considered for MOE development.

In addition, many warfare missions have an affect on craft performance
requirements very similar to noncombatant missions such as SAR and ELT. These
MOEs, in addition to those of a strictly military nature, can be used to
establish the total measure of military effectiveness of a Coast Guard cutter.
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2.7.2 Present MR Measures

Present measures for MR are concerned with training and overall cutter per-
formance evaluation during fleet exercises. These measures are based on
existing cutter designs.

In initial cutter designs, the military requirements are established through
dialogue with OPNAV based on available payload and potential capabilities of
cutters sized on the basis of nonmilitary requirements. Weapons are selected
based on weapons suites on similar size naval vessels. Thus, effectiveness
studies, when conducted, are based on those of similar size naval vessels.

2.7.3 MR Operational Requirements

The operational requirements for MR are listed as ROCs and projected opera-

tional environment (POE) as discussed in section 2.6.1. Since the specific

capabilities of ships are classified, figure 2-14 is presented to illustrate
notional capabilities required for a new cutter.

Figure 2-14 illustrates the relationship between ROCs and related MOEs such
as those developed for ELT and SAR. It indicates whether ROCs affect ship
personnel, equipment, or operational characteristics. The majority of the
ROCs selected affect only perscnnel and/or equipment. The ROCs which affect
ship characteristics are predominately influenced by improved sea state capa-
bility and a related MOE can be applied.

2.7.4 MR MOE

ROCs selected in figure 2-14 are oriented towards a smaller cutter that does
not require a significant ASUW or ASW capability. A1l requirements that

affect craft characteristics are covered by the 3AR or ELT MOEs. To calculate
MOEs for each warfare mission area requires:
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REQUIRED OPERATIOMAL CAPABILITY

RELATED
MOE

SHIP IMPACT

PERSONNEL

EQUIPMENT | CHARACTERISTICS

ANTTAIR WARFARE
Recognize and identify atrcraft by sight

ANTISURFACE WARFARE

Detect and track surface contacts with radar
Detact and track surface contacts visually

[dentify surface comtacts

&r

Er

Craft motions will affect sweep
width in seaway.

Craft motion and visibility
affect sweep width.

AMPHIBIOUS WARFARE
Conduct spotting for naval qunfire and artillery

MINE WARFARE
Oestroy floating mines
[nstall and maintain a precise navigation system
Navigate precisely in MCM environment
Navigate precisely in mine-laying environment

© o 0 o

Minor caliber gun required.

MOSILITY
Steam at full power

Steam with split plant operations

Control fire, flooding, electrical, structural
Ml casualties

Counter and control NEC contaminants/agents
Maintain security sgainst unfriendly acts
Provide damege control security/surveillance

Navigate under all conditions of geographic
location, weather, and visidility

Conduct precision anchoring

Get underway, moor, anchor and sortie
with duty section in safe manner

Abandon/scuttle ship rapidly
Provide 11fe boat/rafts
Tow or be towed (towing engine not required)

Operats day & night and under all weather
conditions

Deploy with organic allowance within des ignatad
time period
Ensure the operztion of the potable water system

in a manner consistent with accepted sanitary
condit fons

ar

© o000 o

© ©e0 0 o

© o o o

Endurance affected by speed
in seaway.

Seakeeping and visidility,

Seake20ing limitation.
Seakeeoing.

COMMAND, CONTROL, AND COMMUNICATIONS

Function as on-scene commander for SAR operations

Carry out emergency destruction of classified
satter and equipment rapidly

Provide tactical voice communications
Mafntain visual communications
Process message traffic

Relay visual commnications

© o0 o

© 00 o

INTELLIGENCE, SURVEILLANCE, AND RECOMMAISSANCE
Collect electronic intailigence information
Collect photographic intalligence information
Conduct overt surveillance and reconnaissance
Conduct in-shore hartor defense patrols

ELT
ar

© e o o

Similar to barrier operations.
Similar to barrier operations.

LOGISTICS SUPPORT
Provide small boat services

FLEET SUPPORT OPERATIONS

Conduct towing operations
Conduct rescue operations
Recover man overtoard

££

Affected by motion in seawsy.
Affected by motion in seaway.

Maneuverability and seaway
mtion.

Identify, equip, and maintain first aid spaces
Train crew members in first aid

NONCOMEBAT OPERATIONS

Provide messing facilities

Pravide personmel for living space maintenance
Provide organizational-level ssintenance

Collect and disseminate mateorlogical information
Provide emergency flooding/fire-fighting assistance
Conduct hartor patrol

Provide physical protection of port facilities
Oetect and identify noncombatant vessels

Conduct boarding and inspection of noncomdatant
vessels

Provide survelllance and protection of maritime
resources

Comduct peacexeeping/disarmanent coerations

ar

ELT

ar

© 00 00 e

o o

e o 0 o

©°
°

Similar to barrier operations.

Similar to barrier operations.

FIGURE 2-14. NOTIONAL U.S. COAST GUARD CUTTER REQUIRED
OPERATIONAL CAPABILITIES
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1. Definition of threat and environment for cutter operation.

2. Selection of appropriate sensors and command/control equipment to
counter threat.

3. Determination of personnel requirements to operate and support above
systems aboard ship.

4. Establishment of appropriate scenario for evaluation.
5. Developing an MOE for scenario.

For example, the antisurface warfare (ASUW) ROCs are very similar to the ELT
mission, and the MOE ELT definition can be used with the following con-

. straints:

1. The potential threat may not be smugglers as previously defined but
fast patrol boats. Hence, the values of the penetrator speed U may be
considerably higher.

2. Detection on the barrier may be restricted to passive systems with-
out electromagnetic radiation, hence the sweep width W may change con-

siderably.

3. Noise radiation at high patrol speeds may be a consideration for
threats posed, hence very high patrol speeds may be restricted.

4. Identification of targets may require EW equipment not normally car-
ried aboard.

5. Boarding may not be required.

6. A1l vessels may be considered "suspicious" for a specified barrier.

2-44



Although values of the parameters in the MOE ELT definition need to be modi-
fied for the ASUW mission, the present definition can be used to evaluate the
ASUW mission ROCs. In like manner, other ROCs can be related to SAR or ELT
MOEs as noted in figure 2-14.

2.7.5 AMV Evaluation for MR Mission

Military requirements affect large cutter design to a greater degree than
small cutters. The greatest effect of the MR mission on craft characteristics
is that of mission payload. Whether all military equipment is installed or
only space and weight provided, the payload capability is the single most
influential factor. Since other missions such as MEP require substantial pay-
load capability, an alternate mission capability appears feasible for small
cutters. Thus, the cutter could be configured to load pollution control
equipment or missile cannisters. The controlling factor for sizing cutters
under this approach is the minimum built-in command-control capability that

is required.

As described in section 2.7.4 above, many ROCs can be evaluated with other
mission MOEs by appropriately modifying the parameters in the definition.
This approach leads to a minimum number of measures and focuses attention on
the operational requirements and scenarios. Thus, to evaluate the impact of
MR on total craft MOE, the same measure can be used to evaluate whether it
imposes more demanding requirements or is less demanding than other missions
such as peacetime ELT.
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SECTION 3
CUTTER RESOURCES EFFECTIVENESS EVALUATION (CREE) MODEL

3.1 BACKGROUND

The CREE model was developed by personnel in the Coast Guard R&D Center and
Transportation System Center in Cambridge, Massachusetts as a result of a
planning.requirement issued by the Office of Operations at Coast Guard Head-
quarters in June 1976. These objectives for the CREE project were:

1. To determine the mission-related capabilities, limitations, and
operational and support requirements of high-performance watercraft and of
conventional Coast Guard vessels (with and without aircraft), present and
future.

2. To develop a method which provides a quantitative description of the
costs and effectiveness of AMV and conventional vessels and which presents a
quantitative evaluation of the craft considered in task, program, and multi-
program mission performance, singly, comparatively, and within a mix of
resources.

3. As an end product, to provide the Office of Operations with a theor-
etical model, implementing computer programs, and documentation which satisfy
the above objectives, with sufficient flexibility so that the user may tailor
the computational procedures to his operational or analytical requirements.

The resultant model whose overall structure is depicted in figure 3-1 was
developed in FORTRAN IV for the IBM mainframe computer at the Transportation
Department.
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3.2 STRUCTURE OF THE CREE MODEL

The CREE model can be used to evaluate various craft. A conventional vessel
or an advanced marine vehicle, and a set of operational requirements and a
scenario, are necessary inputs to the model. They are described in the fol-
lowing paragraphs. '

1,

Inputs -

a.

Craft. Select the type of craft to be evaluated, craft size,

maximum speed, and fuel fraction. Available craft are listed in
figure 3-2.

Operational Requirements. Select sea state, visibility, depth,

and towing distributions appropriate to scenario from tables
such as figure 3-3.

Scenario Construction. Select the appropriate mission to be

evaluated and the appropriate task groups. Define the interre-
lationships between task groups in a connection matrix and
describe the branching probabilities between each task group. A
typical SAR scenario construction is depicted in figures 3-4
through 3-6.

Calculations

a.

Craft Characteristics. Algorithms resident in the program will

calculate the craft characteristics based upon the user inputs.
A detailed discussion of these algorithms and their update is
included in section 4.

Craft Parameters. Craft characteristics and operational

requirement inputs are combined by normalization procedures and
algorithms into craft parameters.
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Advanced Marine Vehicles

Hydrofoil, Submerged Foil

Hydrofoil, Surface Piercing Foil

ACV - Air Cushion Vehicle, low cushion pressure to length ratio
ACV - Air Cushion Vehicle, high cushion pressure to length ratio
SES - Surface Effect Ship

Planing Craft

Catamaran

Hybrid Vessel

Conventional Craft

Existing Coast Guard Craft

MRB 26' Motor Rescue Boat

PWB 32 Port and Waterways Boat
uTB 41 Utility Boat

MLB 44' Motor Life Boat

MLB 52 Motor Life Boat

ANB 55 Aids to Navigation Boat
ANB 63 Aids to Navigation Boat
WPB 82 Patrol Boat

WPB 95 Patrol Boat

WMEC 210 Medium Endurance Cutter
WMEC 270! Medium Endurance Cutter
WHEC 378 High Endurance Cutter

FIGURE 3-2. CRAFT CHARACTERISTICS AVAILABLE IN CREE MODEL
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AVERAGE SEA STATE
SS OF
DISTRI- SEA STATE
BUTION DISTRI- 0-1 1-2 2-3 3-4 4-5 5-6
NUMBER BUTION-SS
1 0.5 1.0 0 0 0 0 0
2 1.0 .55 .40 .05 0 0 0
3 1.5 .20 .60 .15 .05 0 0
4 2.0 .20 .30 .35 .10 .05 0
5 2.5 .10 .30 .30 .15 .10 .05
6 3.0 .05 .15 .25 .40 .10 .05
7 3.5 .05 .10 .10 .35 .20 .15
8 4.0 0 .05 .15 .25 .35 .20
9 4.5 0 0 .05 .20 .45 .30
10 5.0 0 0 0 .10 .30 .60

FIGURE 3-3A.

FIGURE 3-3C.

DISTRIBUTION
NUMBER G00D FAIR POOR

DESCRIPTION
Very

1 Good 0.9 0.1 0

2 Good 0.7 0.2 0.1
Good

3 to 0.5 0.3 0.2
Fair

FIGURE 3-3B. VISIBILITY PROBABILITY DISTRIBUTION

SUMMARY OF SEA STATE PROBABILITY DISTRIBUTION

CUMULATIVE PROBABILITY OF TOW

TOW
DISTRIBUTION
NUMBER 0.0 0.2 0.4 0.6 | 0.8 1.0

1 .5 1.0 2.5 7.0 10 50
2 .7 2.0 4.0 10 30 100
3 1.0 4.0 7.0 20 60 500
4 2.0 6.0 | 20 50 80 1000
5 10 20 50 100 300 | 10,000
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Cc. Tasks Probability of Success. A probability of success for each
standard task is calculated based on craft parameters.

d. Task Completion Probability of Success. Based upon the scenario
constructed, the probability of success is calculated for each
sortie. Each possible path through the scenario (called a
sortie) is evaluated. The probability of successfully complet-
ing a sortie depends on two factors. The first is the probabil-
ity that the sortie path will occur, and the second is the proba-
bility of accomplishing all the tasks encountered on the path.
Sorties may be aborted because of fuel or time limitations. Only
successfully completed sorties are calculated, but all attempts
are counted.

3. Qutputs. Sample outputs resulting from the above calculations are
described below:

a. (Craft Characteristics. An SES ship of length 110 feet, design
speed of 32 knots, and fuel fraction of 0.5 (figure 3-7) has
been selected.

b. Craft Parameters and Task Probabilities of Success. Figures 3-8
through 3-13 are based upon visibility distribution 2, tow dis-
tribution 3, depth distribution 1, and sea state distribution 6.
The average sea state is 3.

c. Sortie OQutputs. A sample output for 1 of the 14 sorties is
shown in figure 3-14. These sorties are based on scenario
inputs described in figure 3-15. The scenario selected is the
SAR 7 scenario of figure 3-6 with maximum time on scene of
12 hours, a range fraction of 0.9, and 180 days total of opera-
tion. The results of the sorties are summarized in figure 3-16.
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CRAFT CHARACTERTIST

#*#MODIULE INPUTS#*#%

CRAFT TYPE SES
DISPLACEMENT 138 TONS
LENGTH 118 FEET
DESIGN 3PEED 32 KHNOTS
FUEL FRRCTIOM .59

#*#CRAFT PARTICULARS#*#*

LENGTH 118.9
BERAM 36.7
DRAFT 5.5
LENGTH/BEAM RATIO 3.98
DRAFT/LENGTH RATIO .85
DISPLRACEMENT 138.1
SURVIVABILITY S
TOWS VESSELS UP TO 1533.
USEABLE DECK RAREA 2e2s.
CARGO CAPACITY 26.9
FUEL CAPRCITY 26.9
USEFUL PRYLORD 53.7
INSTALLED POMER 130S.
POWER TO WEIGHT 9.5
TRANSPORT EFFICIEMCY .38
RANGE AT CRUISE SPEED 2285.
ENDURANCE AT CRUISE S3SPEED 81.6

##CRAFT PERFORMAMCE##

I

FEET
FEET
FEET

TONS

SER STATE
TONS

SQURRE FEET
TONS

TONS

TONS

HORSE POWER
HP/TON
HP/TON=-KMOT
NMAUTICAL MILES
HOURS

FLANK CRUISE REDUCED OM

SPEED SPEED SPEED SCENE

ENGINE TYPE (GTHY” CRTY (BT “(GT>»”

CALM WRTER :
CALM WRTER SPEED 3z2.98 28.9 12.8 5.8 KMOTS
SFC (WEIGHT) .83 .79 1.89 1.21 LBS/HP-HR
SFC (YOLUMED .18 .11 .13 .13 GAL- HP-HR
HP UTILIZED 1385.2 IV8.3 436.4 253.9 HP
FUEL CONSUMPTION 133.8 118.2 55.5 45.7 GAL/HR
FUEL CONSUMPTION 4.2 3.9 5.5 3.3 GAL-MARUT MI
ENDURANCE (FUEL> 87.3 31.8 137.4 192.7 HOURS
RANGE 2154.3 2284.9 1543.2 3E3.5 NRUTICAL MI
TURNING RRDIUS £32.2 582.1 253.1 187.53 ‘YARDS

IN SELECTED SERWAY
CRAFT MOTION 3 .2 .2 .2 G
AYG FUEL RATE 155.9 134.9 31.5 45.7 GAL-HR
AYG SPEED 12.3 12.3 A2 4.5 KNOTS
TOW SPEED - - 7.4 - KNOTS

FIGURE 3-7. SAMPLE QUTPUT (SES)
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CRA

CRAFT

FT PARAMETERS

TYPE

DISPLACEMENT

LENGTH
DESIGHN

SPEED

FUEL FRACTION

SES
138 TOMS
118 FEET

32 KHOTS

.30

YISIBILITY DISTRIBUTION NO. 2
TOW DISTRIBUTION NO. 3
DEPTH DISTRIBUTION MO,
SEA STATE DISTRIBUTION NO. &

(AYERRGE S3EA

TRSK CRRGO DRAFT MAMEUY 3EA

CODE CPCTY
cc DF MH
OM SCEHNE:
ASST - 1.09 .92
BORD = 1.99 92
MNAC - 1.98 92
RTRY = 1.80 .92
WRIT s == o
WERD - 1.00 =
WEQP = 1.80 92
REDUCED SPEED:
SDIV - 1.00 -
SESC -- - -
SPAT = 1.80 -
SPEO - 1.00 --
TOWS s -- 1" ]
CRUISE SPEED:
ESCT - -- e
IDNT - - .25
PATL i - b
STGT -- 1.909 =
TRPT 9.98 - -
TRST - - -

FLANK SPEED:
RSPD -

#%% DEPEMDENT UPON

SCENARRIN

STATE

.96

.38

.28
.33
.38

.51

(E.G.

STATE

b

=3.9

TOW

TW

1

X

ASSIST

BOARD

MOMITOR RACTIVITIES
RETRIEYE

WRIT

WORK EQUIPMENT @ DRIFT
WORK EGUIPMENT @ POSITION

SEARCH FOR DISTRESSED UNIT
SLOW ESCORT

SLOW PATROL

SEARCH FOR PEOPLE

TOWS

SCORT

IDENTIFY

PATROL

SEARCH FOR TRRGET
TRANSPORT

TRANSIT

RESPONMD

FOOTPRINT AND WEIGHT OF CARGO)

FIGURE 3-8.

SAMPLE OUTPUT

3-11




TASK PROBRABILITIES OF 3 UCC S 3
CRAFT TYWPE SES
DISPLACEMENT 133 TONS
LEMGTH 118 FEET
DESIGN SPEED 32 KMOTS
FUEL FRRCTION .30
YISIBILITY DISTRIBUTIOMN MO. 2
TOW DISTRIBUTION HMO. 3
DEPTH DISTRIBUTIOM NO. 1
SEA STATE DISTRIBUTIOM NO. 6
(AYERAGE SER STARTE =3.49)
TASK TASK PROB TRSK
CODE OF SUCCESS
ON SCENE:
ASST .383 ASSIST
BORD .383 BOARD
MMRC . 383 MOMITOR ACTIVITIES
RTRY . 268 RETRIEVYE
WRIT . 958 WRIT
WEQD . 343 WORK ERQUIPMENT @ DRIFT
WEQP . 368 WORK EQUIPMENT @ POSITION
REDUCED SPEED:
SDIU «922% SEARCH FOR DISTRESSED UNIT
SESC 922 SLOW ESCORT
SPAT 922 SLOW PARTROL
SPEO .322% SEARCH FOR PEOPLE
TOWS 461 TOWS
CRUISE S3SPEED:
ESCT .37S ESCORT
IDNT .330 IDENTIFY
PATL .375 PRTROL
STGT .375% SEARCH FOR TARGET
TRPT 9.380 TRAMSPORT
TRST 375 TRANSIT
FLANK SPEED:
RSPD .513 RESPOMD
* THIS IS THE P.0.3 OF THE ABILITY TO SEARCH CRAFT” SUCLCESS
IN FINDING THE OBJECT OF THE 3SERRCH I3 DEPENDENT UPON

SCENARIQ (E.G.,

SEARCH RAREA:

#¢#%%% DEPENDEMT UPON SCEMRRIO (E.G.,

FOOQTPRIMT RAND WEIGHT

OF CRARGDD

FIGURE 3-9.

SAMPLE OUTPUT
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TASK
CODE

ON SCEMNE:
BRD
FFF
FFO
GAS
INS
LEQ
Lol
LB
MAC
MOS
0BA
0sc
REP
ROB
RPE
RSB
351
52
TS
uLe
WQB
NQD
WGF

CRARGO
CPCTY

cc

CRAFT PARAMETETRS3

CRAFT TYPE
DISPLACEMENT
LENGTH

DESIGM SPEED
FUEL FRACTION

VYISIBILITY

SES

138 TONS

118 FEET
32 KNOTS
.30

DISTRIBUTION MO. 2

TOW DISTRIBUTIOM NO. 3

DEPTH DISTR
SEA STATE D

IBUTION HO. 1
ISTRIBUTION HO. &

(AYERAGE SEA STATE =3.0>

DRAFT MAMEUY SER TOW
STATE

DF MM S3 TW

1.909 .92 .96 = BOARD

1.80 .32 .94 St FIGHT FIRE FROM CG YESSEL

. - .95 = FIGHT FIRE OM AMOTHER YESSEL
1.98 .32 .96 - GEMERAL ASSISTAMCE

e = .36 - INSPECTION

1.80 .32 .94 = LOARD EQUIPMENT

e - .95 e LOITER

1.80 .92 .94 - LAUNECH SMALL BORT

1.99 .92 .96 - MONITOR ACTIVITIES

1.89 .32 35 hies MONITOR OIL SPILL

- =l .96 - ON BOARD ASSISTANCE

= 2 -1 - ON SCEME COMMAMDERC(GEMERAL
1.080 .32 .95 S RETRIEYE BOARRDIMG PHRRTY

1.88 .92 .94 ke RETRIEYE OQBJECTS

1.99 .32 .94 -- RESCUE PEOPLE

1.989 .92 .34 - RETRIEYE SMALL BOAT

1.00 .32 .96 - STAKEOUT SPECIAL INTEREST YESSEL
== - .96 - SEIZE

1.99 32 .34 - TRKE WATER SAMPLE

1.99 .32 .94 - UNLORD EQUIPHMENT

- == .35 -- WORK EQUIPMENT FROM SMALL BORT
1.99 == .34 - WORK EQUIPMENT @ DRIFT

1.89 .92 .34 == WORK EQUIPMEMN @ FIXED POSITION

FIGURE 3-10.

SAMPLE OUTPUT

3-13




TASK CARG
CODE CPCT
cc

REDUCED SPEE
Spu
SES
SPE
SPT
TOW

CRUISE SPEED:
ESC
IDC
IDF
PAT
SFL
SSH
TEQ
TPE
TRA

FLANK SPEED:
DSH
INT

#%+ DEPENDENT

&
L

RAFT P

CRAFT TYPE
DISPLACEMENT
LENGTH

DESIGM SPEED
FUEL FRACTION

YISIBILITY DISTRIBUTION HNO.
TOW DISTRIBUTIOHN MO.
DEPTH DISTRIBUTIOMN NO.
SER STATE DISTRIBUTIOM NO.

H

R A

SES
138
118
32
3

-

-

METETR

TOHS
FEET
KMOTS

2
3

1

€

(AVERAGE SEA STATE=3.9)

0 DRAFT MANEUY
Y
DF MN
1.08 -
1.08 =X
1.98 e
== S8
e .95
-- .95
1.88 -

UPON SCEMARIO (

SER
STRTE

S

S

v

.92
.92
.92
.92
.32

.28
.38
les
.38
.28
.38
.88
‘88
.38

.51
.51

E.G.,

TOW

TUW

SEARCH FOR DISTRESSED
SLOW ESCORT

SERRCH FOR PEOPLE
SLOW PRATROL

TOW

UMIT

ESCORT

IDENTIFY CRAFT
IDENTIFY

PATROL

SEARCH FOR FLEET
SEARCH FOR SHIP
TRANSPORT
TRANSPORT PEOPLE
TRANSIT

DASH
INTERDICT

FOOTPRINT RAMD WEIGHT OF CARGO

FIGURE 3-11.

SAMPLE OUTPUT
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LI PRODBABILITIES OF 3 UCCES
CRAFT TYPE SES
DISPLACEMENT 133 TOHMS
LENGTH 118 FEET
DESIGN SPEED 32 KNOTS
FUEL FRACTIOHN .30
VISIBILITY DISTRIBUTION MO, 2
TOW DISTRIBUTION HO. 3
DEPTH DISTRIBUTION NO. 1
SER STATE DISTRIBUTION NO. 6
(AYERRGE SEAR STATE=3.4’
TRSK TRSK PROB. TRSK
CODE DF SUCCESS
ON SCENE:
BRD .333 BORRD
FFF . 368 FIGHT FIRE FROM CG YESSEL
FFO . 350 FIGHT FIRE OM HANOTHER “ESSEL
GRS . 383 GENERAL RASSISTANCE
INS . 960 INSPECTION
LEQ .3868 LOAD EQUIPMENT
LOI . 960 LOITER
LSB . 3863 LAUNCH SMALL BOAT
MAC . 383 MOMITOR RCTIVITIES
MOS .383 MONITOR OIL SPILL
OBA . 960 ON BORRD ASSISTANCE
0sc . 368 ON SCENE COMMAMDERC(GEMERAL>
RBP .383 RETRIEYE BORRDIMG PRRTY
ROB . 368 RETRIEYE OBJECTS
RPE . 3868 RESCUE PEOPLE
RSB . 388 RETRIEYE SMALL BORT
SSI .2383 STAKEOUT SPECIAL INTEREST VESSEL
SZE 1Y) SEIZE
TWS . 368 TAKE WATER S3SAMPLE
uLa . 368 UNLOAD EQUIPMENT
WQEB 350 WORK EQUIPMENT FROM SMALL BOAT
WQD 343 WORK EQUIPMEMT @ DRIFT
WQF . 368 WORK EQUIPMENMT @ FIXED POSITIOM

w

FIGURE 3-12. SAMPLE OQUTPUT
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TASK PROBRBILITIES OF SUCCETSS

CRAFT TYPE SES
DISFLACEMENT 133 TONS3
LEMGTH 119 FEET
DESIGN SPEED 32 KHMNOTS

FUEL FRACTIONM .39

VISIBILITY DISTRIBUTION MO, 2
TOW DISTRIBUTION HO. 3

DEPTH DISTRIBUTION NO. 1

SER STRATE DISTRIBUTION MO. 5
(AVERAGE SEAR STATE=3.8>

TASK TRSK PROB TASK
CODE OF SUCCESS

REDUCED SPEED:

SDhuU  922% SEARCH FOR DISTRESSED UNIT
SES 922 SLOW ESCORT
SPE «922% SEARCH FOR PEOPLE
SPT 922 SLOW PRATROL
TOW 451 TOW

CRUISE SPEED:
ESC 375 ESCORT
InC . 330 IDENTIFY CRAFT
IDF* .3309 IDENTIFY FLEET
PAT «375 PRTROL
SFL <375 SEARCH FOR FLEET
SSH ¢ .375% SEARCH FOR SHIP
TE®@ a.988 TRANSFORT EGQUIPMENT
TPE . «B373 TRANSPORT PEOPLE
TRA 875 TRANSIT

FLANK SPEED:
DSH .313 DASH
INT .313 INTERDICT

# THIS I3 THE P.Q.3. OF THE RBILITY TO SEARCH. CRAFT S SUCCESS
IN FIMDING THE OBJECT OF THE 3SEARCH I3 DEPEMDENT UPON
SCENARIO (E.G. SEARCH AREA)>

#%%%% DEPEMDENT UPON SCENRRIOQ (E.G., FOOTPRINT RAHD WEIGHT OF CRRGO:

FIGURE 3-13. SAMPLE OUTPUT
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SHR? SCEMARIO |
SORTIE HMUMBER 1

DPERATIOMAL REGUIREMENTS:

SELECTED CRAFT

MAXIMUM DURRTION 12.9 HOURS SES

RANGE FRACTION .99
VISIBILITY GOOD
AYERAGE 3SEA STATE 3.9

GROUP TRSK
NAME NAME

SAR SERRCH
#3EARCH DSTR UMIT: FOUMD

ASSIST
*GENERAL ASSISTAMCE

RESCUE RETURN
#TOW

TIME T0O COMPLETE SORTIE (HRS»
FUEL CONSUMED IM SORTIE (GAL3)

DISPLACEMENT

132 TONS

DESIGH SPEED 32 KMOTS

FUEL FRACTION

LOCATION TASK

CODE TIME

(HRS)
1
188181

169194 ¢

189182 2.4
3
19101

19192 1.9
S
%8191

39182 4.9
2

7.5

SORTIE PROBABILITY OF SUCCESS
SORTIE FREQUENCY OF OQCCURREMLCE

THRSK
FUEL
(GALS>

575

.58

THSK
POS

(U

o 4
T O
W o

FIGURE 3-14.

SAMPLE QUTPUT
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*#% SCENRRIOQ DRTR #+#

CS PROGRAM=3ART

SCEMARRIO MO, = 1

MAKIMUM TIME= (2.9

RANGE FRACTIOM= .39

MO. DAYS DOF OQPERRTION= 139
11 o
4

5
4
3

RO WWHE &

4
NUMBER OF IMPORTANT TRZK )
411 494 395 394 203 294

MODES= 7
CONNECTION MATRIX=
8.9 8.0 o7 .7 8.9 3 8.9
8.9 8.8 8.9 8.9 8.9 8.3 8.9
8.9 9.0 3.0 8.9 1.0 8.9 8.9
9.0 1.0 8.0 8.9 8.9 8.9 3.9
9.0 1.9 8.9 8.9 8.9 3.0 3.9
3.0 8.0 8.8 8.9 9.9 8.0 1.9
8.9 1.8 3.9 8.9 3.9 8.9 3.8
GROUP PLACEMEMNT MATRIX=
8 9 19881 95941 8 13591 )
%) %] (%] 3 %] %] %]
%] 5] 3 %] 101 3 %] )
8 1582 3 8 a %] %]
a 381 %] %] %] %] %]
2 a %] %] 2 %] 192
%] 9a2 %] (%] g a %]

&GROUP DATA=
1.99 1.88 .58 .29 9,99 .28 .18 .58 .18 1.89 .29 .18 .58
.19 9.99 ©.99 H.80 0.98 B.99 9,09
1.99 2.99 .38 .7H B.98 1B.99 .19 .28 .19 .58 B.B9 B.99 B.99
9.09 9.98 H.,89 9.9P3 Q.99 V.99 9.90

9.99 1.89 Y .19 .38 329.99 39.99 10.90 39.99 9.99 Q.99 9B.99 9,99
9.89 9.99 ©B.89 9.93 9B.99 V.93 B.99
9.99 2.98 7B 9.89 .38 298.99 H.89 B.493 20.95 V.99 P.99 .90 9,29

9.88 @.,93 B.99 HB.89 9.99 9I.99 0.99
19.84 1.99 9.49 1.899 9.99 9.99 93.99 93.99 9,99 .18 4,89 3,89 .75
3.89 9.99 9.24 @.93 9.899 V.99 9,99
15.89 i.89 B.88 1.89 Q.99 3.99 308.99 9,99
J.99 9B.99 9,99 B.99 2.990 .99 9.99
15.988 2.99 9.99 1.99 0.80 9.989 39.99 9.99 B.89 HB.23 2,99 H.99 3,99
4.99 B3.899 B.89 B.099 9.99 9B.99 93,99

%END

NUMBER 0OF PRINTOUTS= 1

QUTPUT FORMAT=1

=
Dl
=
=
o
o@D
[
S

3.99 93,99

FIGURE 3-15. SCENARIQ INPUTS
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vtk texr%%%% SUORTIE SUMMARY #%sssssss5%%%

SART SCEMARIO 1

OPERATIGCHAL REGUIREMENTS:

MAXIMUM DURATION 12.8 HOURS
RAMGE FRACTION .39
RYERAGE SEAR 3TATE 3.9

SELECTED CRAFT

SES
DISPLACEMENT
FUEL FRRACTIOH

FRACTION OF SCEMARIO COMPLETED

1.8890

SORTIE SORTIE SORTIE FREGQUENCY SORTIE
NO. TIME FUEL OF PROBABILITY
(HRS? (GALSY OCCURREMNCE 0F SUCCESS

1 7.5 575 .BEES . 4509

2 6.4 431 8111 ’ .3431

3 5.9 576 L9334 . 3850

4 7.2 561 L1571 . 4609

5 6.1 477 .B279 .3481

6 5.5 562 .B838 . 3850

? 7.2 561 . 1893 . 46089

8 6.1 477 L0167 . 34381

3 5.5 562 .98501 . 3959

19 19.4 1832 . 1429 .5125

11 5.5 522 . 14709 L2553

12 4.5 523 L0638 L4715

13 S.5 52 . D539 L2563

14 4.5 523 L9279 L4715

1

3
S

3 TOMWS
%]

SORTIE
SUCCESSFUL

.B3283
.0894
8269
8779
.B8238
.BBE73
.B482
9142
. 8404
.B732
8377
.8297
.8151
.8127

FIGURE 3-16.
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d. Scenario Overall Results. The overall results of the SAR 7 sce-
nario are illustrated in figures 3-17 and 3-18. The probability
of success for each mission can be the results of several sce-

nario calculations and should be tabulated separately. The com-
bined value for several missions to give an overall craft
assessment is left to the evaluator. This value will be based on
the relative weights assigned for each mission.

3.3 CONVERSION

In order to provide greater accessibility to decisionmakers at Coast Guard
headquarters, the CREE model was converted to HP Extended Basic so that it can
be used on an interactive desktop computer (HP 9845B) with CRT display. This
capability will allow a high degree of flexibility in constructing scenarios,
evaluating various craft, and observing the sensitivity of mission probabil-
ity of success to various operational requirements and craft characteristics.

In addition, the HP 9845B has a highly flexible edit capability to rapidly
modify the basic program, subroutines, and craft characteristics algorithms.

It is anticipated that this capability can be developed into an effective tool
for evaluation and establishing requirements for new classes of Coast Guard
cutters.

3.4 HP 9845B CREE MODEL UTILIZATION

A user's guide has been prepared and is included as Volume II for ready refer-
ence to assist the user of the CREE Model on the HP 9845B. The information
contained in the user's guide supplements the original CREE model guidance
contained in "A Guide for Users and Analysts," Report No. CG-D-98-78.

Although the program is self-explanatery and guides the user through its exe-
cution, the procedure is outlined below for ready reference:
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SCEMRRIN

SAR?

OPERATIOHAL REQUIREMEMTS:

DYERALL RESIJLTS s4ssssssssnse

SCEMARIOD 1

SELECTED CRAFT

MARXIMUM DURATIOM 12.9 HOURS3 SES
RANGE FRRCTION .99 DISPLACEMENT 133 TOMS
WISIBILITY 500D DESIGH SPEED 32 KHMNOTS3
AYERAGE SEA STARTE 3.9 FUEL FRACTIOM .So
PERCENT OF SCEMARIO COMPLETED 198.9
PROBAEBILITY 0OF SUCCES3FULLY COMPLETING SCEMARIO 31
SPECIFICATIONS OF THE AYERAGSE SORTIE:
TIME TO COMPLETE RAYERRAGE SORTIE 5.3 HRS
FUEL CONSUMED IM RAYERAGE SORTIE £35.2GALS
TASK COMPOSITION IM AYERAGE SORTIE:
’
TRSK TIMES- TR3K
CODE COMPLETED HRME
OM SCEME:
BRD .29 BOARD
GAS .13 GEMERAL RASSISTAMCE
LSB .18 LAUNCH SMALL BOATS
OBA .30 OM BOARD ASSISTANCE
RBP .20 RETRIEYE BORRDIMG PRRTY
RSE Y] RETRIEYE SMALL BORT
REDUCED SPEED:
SDU .34 SEARCH FOR DISTRESSED UMIT: FOUND
SES .83 SLOW ESCORT
TOW 21 TOW
CRUISE SPEED
TPE .13 TRAMSPORT PEOPLE
FLAMK SPEED:
DSH .7 DRASH

FIGURE 3-17.

3-21

SAMPLE QUTPUT




AR ID EYALUARTION ##%#sssssexss
7 OSCENARRIO 1

)
am

OPERATIONAL REQUIREMENTS: SELECTED CRAFT

MAXIMUM DURARTION 12.9 HOURS SES

RANGE FRACTION .99 DISPLACEMENT 133 TONS
VYISIBILITY GOOD DESIGH SPEED 32 KHMOTS

IMPORTAMT TASKS COMPLETED IM 129 DAYS OJF OPERATIOHM

TASK TIMES TARSK
CODE COMPLETED HAME

ON SCEHE:

GRS 24 GEMERAL AS3ISTRMCE
0BA S4 ON BOARD ASSISTAMCE

REDUCED SPEED:

SPT g SLOW PRATROL
TOMW 37 TOW
CRUISE SPEED:
PAT i) PATROL
TPE 32 TRANSPORT PECPLE

FLAMNK SPEED:
ND IMPORTHMT TASKS SPECIFIED

FIGURE 3-18. SAMPLE OUTPUT

3-22




1. Place the data tape cartridge in T14 tape drive to the left of the
HP 9845B and the program tape cartridge in T15 tape drive.

2. Start loading the program by typing GET "MAIN" and press the
EXECUTE button.

3. Start the program by pressing the RUN button.

4. Follow instructions displayed on CRT to select options and continue
inputting information. The last input will be selection of the desired sea
state distribution.

5. The program will now run linking with information on the data tape.
Approximately 15 minutes are required for this operation before the computer
is ready for output. The run light on the bottom right-hand corner of the CRT
will be 1it during this operation.

6. The first output will be "craft characteristics." A hard-copy out-
put may be selected. To continue outputs, press the CONT button as instructed
on the screen.

7. At the end of the task probability of success outputs, a scenario
-must be selected. Type the name of the scenario file desired such as SCENL,
which presently describes the SAR 7 scenario discussed in section 3.3 above.

To create another scenario, follow the detailed instructions in the user's
guide.

8. The computer will run for approximately five minutes after selecting
a scenario. The outputs will then be sortie and scenario evaluations.

9. The program may be rerun at the completion of the scenario outputs to
evaluate the same craft in various scenarios or different craft for the same
scenario.
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SECTION 4
CRAFT CHARACTERISTICS

4.1 INTRODUCTION

In order to provide current technical information for the evaluation of AMVs,
the craft characteristics relationships in the CREE model were reviewed and
updated. This process included:

1. Identification of state of the art design practices and criteria

such as those found in the Hydrofoil Analysis and Design Evaluation (HANDE)
computer model,

2. Analysis of comparative data for various AMVs such as that found in
the Advanced Naval Vehicles Concepts Evaluation (ANVCE) Study,

3. Expansion of data bases to include AMVs produced on the drawing
board,

4. Statistical curve fitting to update design relationships such as
that between displacement and length for each vehicle type, and

5. Consideration of standard presentation of data reflecting current
naval architectural practices.

It is recognized that the current program described in the following sections
is a highly simplified conceptual design tool. However, it is useful for
first-order approximations when comparing the performance of different vehicles
in various missions. Future refinements can be done by using outputs from

more sophisticated design tools, such as HANDE, as inputs to the CREE model.
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4.2 APPROACH

The general approach to updating the craft characteristics models in the CREE
program was a simple one. A great deal of new information available about
AMVs was researched, tabulated, and plotted. Least-square curves were fitted
to this empirical data set and these curves, along with their Timits of
applicability, form the updated craft characteristics models.

4,2.1 Existing CREE Model Module

The module in the CREE model that estimates the characteristics of proposed
craft (both advanced craft and conventional craft) is described diagram-
matically in figure 4-1. The figure shows the flow of data in the craft
characteristics module from the user-supplied inputs, through the detailed
models describing craft particulars and performance, to the final outputs of
the module. An effort has been made to retain the order of inputs, process-
ing, and outputs from the program in the diagram, so that the data flow
through the program can be traced using the figure.

The craft characteristics fall naturally into two categories. The first cate-
gory describes the overall characteristics of the craft such as length, dis-
placement, and installed power, and can be called the craft particulars group.
The second category can be called the craft performance group and contains
descriptions of the speed dependence of selected craft performance factors
such as fuel consumption, range, and craft motions. The efforts in this
update were concentrated on the craft particulars group. It was the most
logical and tractable place to begin to include the large amounts of new
information available on the advanced vehicles since the original models were
formulated.
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4.2.2 Current Design Data Base

The original design data base was limited by the small number of available
craft and designs in many of the classes chosen for the study. The current
data base of actual craft and point designs has grown considerably from that
which was available several years.ago, and many of these new designs have been
used to extend the range of applicability of the models in the craft charac-
teristics module. For example, the Soviet Union has placed considerable
emphasis on hydrofoil development, and as such many new and old Soviet designs
have been included in the data base, predominantly in the surface piercing
foil category. As another example, the original SWATH models included data
from one craft and three point designs, where the new models include data from
five craft and seven point designs. Although dramatic improvements in the
design data base have been made, it should be noted here that insufficient
data is currently available to isolate the effects of many of the unique
design features which might otherwise segregate different types of designs
within a class of AMVs. As such, the models developed from this data base are
somewhat oversimplified, but do represent the general trends applicable to

the given AMV technology.

4.2.3 Recommended Data Formats

Originally, the small size of the available data base only justified linear
curve fits across the very limited range of dependent variables within the
data set. With the expanded data set currently available, however, this
approach becomes difficult to implement. As such, a different data format has
been implemented for the update. Using displacement as the fundamental inde-
pendent variable, it quickly became apparent that in order to compare data
from the wide variety of sizes which were available, a logarithmic presenta-
tion would be necessary. Since the independent variables also varied widely,
& logarithmic presentation was also used for them. This log-log format pro-
vides two major benefits. First is that data from a wide variety of craft
sizes can be compared on a single graph. This facilitates development of a
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predictive model. The second advantage is that a straight line fit through
the data represents a power law relationships between the two variables.
Since many relationships among naval architectural variables follow power law
relationships, this was considered advantageous.

4.3 UPDATED CHARACTERISTICS

The following sections describe those models in the craft characteristics
module which have been updated to reflect some of the new information avail-
able in the advanced marine vehicles data base. The data and models are
described, and a sample plot presented. Graphs of the data for each craft
appear in appendix A. In those cases for which insufficient new information
was available, the existing models were retained.

4.3.1 Length Versus Displacement

The length-displacement relationship is a fundamental description of the size
of a class of craft. For example, figure 4-2 shows the length-displacement
data for surface piercing hydrofoils and the least-squares curve fit estab-
lished for it. It should be anticipated that the length of the craft should
increase approximately as the cube root of the displacement, and this behavior
is shown, approximately, in the data. Figure 4-3_]ists the new length-
displacement models developed from the data presented in appendix A, fig-

ures A-la through A-1j.

4.3.2 Installed Horsepower Versus Displacement

Describing the variation of installed horsepower with displacement for a
given class of craft is more complex than length because installed horsepower
is a strong function of design speed. As such, the data has been reduced
using speed cubed scaling (Reynolds scaling) to a single base speed represen-
tative of the nominal design speed for the class. The limitations of using
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CRAFT LENGTH
DE SIG- CRAFT MODEL %ﬂiﬂh@fﬁﬂﬁ%T LIMITS
NAT ION (FT)
. ] 0.342
10 | Hydrofoil L = 23.0%p 10-1000 50-250
(submerged)
11 | Hydrofoil L = 25.1%20-324 10-1000 50-250
(surface piercing)
20 | Acv L = 20.8%a0-3%8 10-1000 50-250
(Tow cushion Density)
21 | Acv L = 12.1%a0-447 10-1000 30-350
(high cushion density)
30 | SES L = 19.4%p0-352 10-10,000 | 40-500
40 | Planing Craft L = 16.9%a0-3% 10-1000 40-250
50 | CATAMARAN 1L = 0.657*A + 33 10-140 40-125
60 | SWATH L = 14.6%a0-3%7 10-10,000 | 30-400
70 HYBRID L = 0.657*A + 33 10-140 40-125
80 | CONVENTIONAL IL = 110*l0g A - 120 | 30-1000 40-210
356*10g A - 859 | 1000-3500 | 210-400

101d Model Retained

FIGURE 4-3.

UPDATED LENGTH-DISPLACEMENT MODELS
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this very crude scaling law in estimating the powering requirements of
advanced marine vehicles are recognized, but the implementation and valida-
tion of more sophisticated scaling rules, individually tailored to each
craft, was beyond the scope of this effort. This problem should be the major
focus of any further effort to update the CREE craft characteristics module.

Figure 4-4 shows the data describing the relationship between installed
horsepower at base speed (in this case, 50 knots) and displacement, and the
linear least-squares (log-log) curve fit to that data. Figure 4-5 lists the
installed power-displacement models developed from curve fits to the data for
each class of craft.

4.3.3 Useful Load Versus Displacement

Since the useful load has significant affect upon the range and other mission
capabilities of the craft, this relation was also selected for update. Fig-
ure 4-4 shows the data and describes the results of the log-log-Tlinear curve
fit performed for the submerged foil hydrofoil data. Figure 4-7 lists the
empirically derived models for the other proposed craft.
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CRAFT

' BASE
DESIG- CRAFT MODEL
Zicy SPEED (KTS)
10 | Hydrofoil Ho = 0.153%40-840 50
(submerged)
11 Hydrofoil Ho = 0.086%0- 86 40
(surface piercing)
20 | Acv Ho = 0.139%A0-710 50
(Tow cishion density)
21 | Acv Ho = 0.094%p0- 869 50
(high cushion density)
30 SES Hp = 1549%40-528 60
40 | Planing Craft Hy = 54g*a0- 682 45
50 | CATAMARAN o = 20%A + 2120 30
60 | SWATH Ho = 115%40-%82 20
70 | HYBRID VESSEL 'y = 35%4 - 107 40
80 CONVENT IONAL 'y = 184%p0- 699 25

'01d model retained.

FIGURE 4-5.
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CRAFT

DESIG- CRAFT MODEL
NAT ION
10 Hydrofoi 1 p = 0.506%a0: 837
(submerged)
11 Hydrofoi 1 P = 0.169*al-08
(surface piercing)
20 ACV P = 0.316*al-04
(low cushion density)
21 ACV p = 1.07%a0-843
(high cushion density)
30 SES p = 0.179%aL-074
40 Planing Craft 1p = 0.525%A - 7.5
50 CATAMARAN 1p = 0.289*A + 2.0
60 SWATH ‘ 1p = 0.296*A - 7.0
70 HYBRID VESSEL 1p = 0.244%p + 2.0
80 CONVENTIONAL p = 0.333*%A - 0.2

'01d model retained.

FIGURE 4-7. UPDATED USEFUL LOAD - DISPLACEMENT MODELS
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SECTION 5
CUTTER EVALUATION

5.1 INTRODUCTION

To illustrate the approach proposed in the previous sections, a current need
to replace existing cutters will be analyzed. The required steps to implement
this procedure will be outlined to provide the basis for further comprehensive
calcuiations.

5.2 BACKGROUND

5.2.1 Ceast Guard Evaluation of Advanced Marine Vehicles

Several projects are presently underway under direction of the Coast Guard
Headquarters R&D Division to evaluate the effectiveness of current advanced
marine vehicles (AMVs) in Coast Guard missions. These projects may be cate-
gorized into three areas: effectiveness analysis, vehicle demonstrations,
and point designs.

1. Effectiveness Analysis. Four mission areas including SAR, ELT, MEP,
and MR are presently being analyzed to develop measures of effectiveness that
can be applied to the evaluation of specific vehicles in meeting the require-
ments for each of the above missions. The mission operational requirements
are alsc being analyzed to assess the constraints and demands that they place
on craft. In addition, mathematical models are being developed to measure the
relative impact of specific craft characteristics on craft effectiveness to
perform tasks in support of the specified missions. Finally, a previously
developed computerized Cutter Resources Effectiveness Evaluation (CREE) Model
is being adapted to a desktop computer to provide interactive capability in
assisting the decision maker in evaluating various vehicles in specified sce-
narios. The craft characteristic data for AMVs used in the CREE model is also
being updated to represent current technology.
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2. Vehicle Demonstrations. Several operational demonstrations of AMVs
including hydrofoils and air-cushioned vehicles have been conducted in the
past. The most recent evaluation includes the operational demonstration of
the 110-foot Bell Halter SES and tests on the RHS200 Rodriguez surface pierc-
ing hydrofoil. A1l these efforts provide a qualitative assessment of craft
performance and quantitative data that can be used in the effectiveness analy-
sis described above.

3. Point Designs. In order to maintain a current technology base,
several designs of AMVs s%mi]ar to existing CG craft such as a WPB are being
prepared by DTNSRDC. The designs embody what is possible within the current
state of the art for each AMV type.

5.2.2 Application to Cutter Replacement Program

Efforts described above can be integrated to support the decision of which
craft type can be the most effective replacement for the existing Coast Guard
cutters. The numerous factors which must be considered in reaching such a
decision are embodied in the proposed evaluation approach described in the
following sections. They may be categorized as operational, technical, and
economic factors.

1. Operational Factors. Operational factors include requirements which
are imposed by the need to perform specified missions; the operational
requirements are descriptive of the state of nature and the capabilities of
personnel and mission equipment. In the evaluation of conventional and AMV
candidate craft, operational factors are "given" and equally applicable to
all vehicles.

2. Technical Factors. Technical factors include platform performance
capabilities, supportability by the Coast Guard logistics support system, and
reliability. The technical factors affect overall availability which will
nave a significant effect on total number of craft required. These factors
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are the core of the evaluation. Some are presently being assessed by vehicle
demonstrations and all are embodied in point designs.

3. Economic Factors. Economic factors include unit acquisition cost
and life cycle cost. Although the two are directly related, their individual
importance in acquisition programs is totally independent. Product afford-
ability must be considered in light of total number of craft required and
total budget available for acquisition. Unless improved performance results
in reduced numbers, increased unit costs are often difficult to Jjustify.
Thus, both acquisition and support costs are necessary evaluation factors.

5.3 APPROACH

5.3.1 Overall Approach

The overall approach which integrates the various efforts and considers the
factors described above is depicted in figure 5-1. The inputs, outputs, and
evaluation process are outlined in this section and described in detai] for an
application of this approach to a specific cutter replacement in subsequent
sections. This is a general approach for the acquisition of any type of cut-
ter. The example with the WPB is included to help make the process clear.

1. Inputs. The inputs to the evaluation process include:

a. Mission and mission elements that define general functions which
the craft must perform. The mission elements may be futher
defined as required operational capabilities. In the evaluation
process, their impact on equipment and personnel will be
assessed.

b. Test and evaluation data that result from vehicle demonstrations
verifies craft performance parameters and ability to perform
required tasks. These results are used to calculate task MOEs
and establish a craft performance envelope.
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c.

Operational requirements describe the state of nature which
defines the caseload and provides the constraints for the ful-
fillment of mission requirement. This information is necessary
for the development of realistic scenarios. |

2. Evaluation Process. The evaluation process includes several inter-

related functions:

Task requirements which are a further refinement of mission and
mission element definitions. Standard task descriptions were
defined during CREE model development. Examples of standard
tasks are shown in figure 5-1.

Mission equipment and personnel requirements that are derived as
a result of analyzing the Task Requirements. '

Multimission payload requirements which combine the total needs
from all missions and includes the personnel and shipboard sup-
port.

Craft characteristics which are derived from the point designs
or existing craft to be evaluated.

Task measures of effectiveness (MOEs) evaluated based on craft
characteristics. Task MOEs are evaluated in the CREE model dis-
cussed in section 3.

Scenario calculations that evaluate the craft's ability to per-
form tasks in a typical operational environment. Scenarios may
be constructed to conform to MOE definitions developed in sec-
tion 2 or as described in the CREE model in section 3.

Mission measures of effectiveness which provide an evaluation of
each candidate craft's ability to perform a specified mission in
various scenarios.
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h. Performance envelope resulting from scenario calculations which
defines 1imiting relationships between endurance, speed, and sea
state and provides a major input to sizing the required craft.

3. OQutputs. The resulting outputs of the evaluation process include:

a. Point designs which embody all the payload requirements for a
craft to accomplish the specified missions in the scenarios
selected.

b. Availability and 1ife cycle cost which are derived from point
designs and provide an important input to the evaluation of the
overall craft measure of effectiveness. These factors require
further development, but are beyond the scope of this report.

c. Craft measure of effectiveness which provides a comparative
quantitative measure for evaluating the relative worth of candi-
date vehicles including both AMVs and conventional platforms.
Craft MOEs combine the MOEs for all specified missions with

craft availability and life-cycle cost to obtain an overall
measure.

5.3.2 Interface with Point Desiagns

1. Need for Point Designs. Existing AMV craft are of varying sizes and
capabilities which may not fully support the specified multimission craft
requirements. In order to develop an equitable comparison of various AMV can-
didates, vehicles that are responsive to the same basic requirements must be
designed. These include:

a. Mission Equipment. Mission equipment will be the same for all
crafts. Only effects of the platform on sensor interaction will

be considered. For example, the same search radar will be speci-
fied and only the effect of seakeeping on detection ranges and
other equipment operational characteristics will be considered.
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b. Personnel. Personnel manning for mission equipment is the same.
Only unique platform manning requirements will be considered.
Personnel capability and training will be the same. Only
effects of craft motion on crew performance and special training
requirements will be considered.

c. Required Performance Envelope. Performance requirements such as

the mission duration and speed histogram for each sea state will
be prescribed for all candidates based on mission requirements
and the result of scenario calculations.

~d. Design Standards. Design standards for such factors as surviv-

ability, crew endurance, structural loads, and powering calcula-
tions will be specified to provide consistent ground rules for
candidate designs.

2. Interfaces Defined. The process which interfaces with point designs
is depicted in figure 5-2. This figure expands on the overall approach of
figure 5-1 and describes some of the information required to provide adequate
interfaces.

a. Equipment Characteristics. A matrix of mission equipment and
weight, space, power, and cooling requirements will be speci-
fied.

b. Personnel Support. A matrix of space and weight required for
personnel and their support will also be specified.

c. Speed Profile. A histogram of number of hours at each speed and
given sea state will be specified to form the basis for powering
calculations and determination of fuel requirements.

d. Performance Envelope. The output from the point designs which
directly affects the scenario calculations is a craft perform-
ance envelope which defines the speed capability of the craft in
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a specified sea state as well as its endurance for a given speed
and sea state. This envelope includes personnel as well as craft
endurance limits for a given craft response in a sea state.

5.3.3. Interface with Test and Evaluation Program

1. General Test Plan. A general test plan for testing of marine vehi-
cles has been prepared by LCOR M. J. Goodwin of the CG R& Center. This plan
describes the parameters to be measured and procedures. It provides general

guidance that must be applied to each candidate vehicle for the collection of
experimental trial data. -

2. Verification of MOEs. As a result of trials conducted on AMVs such
as the Bell Halter SES, specific data has been collected. This data will
assist in verifying the fact that MOEs, as defined, can be measured. In addi-
tion, MOE definitions also provide requirements for collection of specified
parameters during test and evaluation of craft. For example, speed in a sea-
way has been demonstrated to be an important input to SAR and ELT MOE evalua-
tion. Present procedures require measurement of maximum vertical accelera-
tion at certain points on the craft as an indication of craft endurance. How-

ever, personnel endurance criteria also require measurement of frequency as
well as acceleration amplitude. Thus, a frequency spectrum should be measured
for ride quality vice a single maximum vertical acceleration.

3. Point Design Interfaces. Collection of data on existing AMV craft
can assist in verifying predictive algorithms. Direct applicability to point
designs may require careful extrapolation/interpolation of experimental data.
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5.4 CUTTER MISSIONS

5.4.1 Mission Need Statement

The starting point for any cutter design is the missions which are specified
for that particular class of cutter. As an example, the following missions
and capabilities assigned to the WPB replacement in the Mission Need Statement
(MNS) approved by the Commandant on 27 July 1981 are summarized below.

1. Enforcement of Laws and Treéties

0 Conduct boardings and make seizures of sailing, fishing, and
other powered vessels.

0 Provide a five-person custody crew to sail a seized vessel up to
24 hours while escorting the vessel and custody crew.

o Intercept, overtake, and maintain hot pursuit of waterborne craft
used for illicit operations for at least 24 hours at a minimum
speed of 30 knots.

0 Carry suitable armament for exerting force for ELT duties.

2. Search and Rescue

0o Search and render assistance including, but not limited to, res-
cue of personnel in the water, dewatering vessels, and towing
vessels up to 500 tons displacement.

o Have the communications and surveillance ability to act as

On-Scene Commander, and communicate and operate with other Coast
Guard and DOD vessels, aircraft, and shore units.
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4.

Supporting Missions

Military Preparedness (MP). Carry suitable armament for exerting
force and maintain space and weight reservations for additional
weapons systems for contingency military operations commensurate
with the size of the craft.

Recreational Boating Safety (RBS). Conduct overnight regatta
patrols for up to 36 hours.

Waterways Management (WWM). Enforce traffic separation schemes
in areas not covered by boats.

Short-Range Aids to Navigation (SRA). Minor servicing of aids to
navigation in the absence of a buoy tender.

Marine Environmental Protection (MEP). Test or monitor pollu-

tion, aid in cleaning spills, patrol remote harbor areas, and
survey special vessels.

Mission Duration. Perform multimission patrols of coastal waters

with a minimum endurance of five days.
Environment. Carry out all described activities in 10-foot-high sea

conditions and be able to operate at a reduced performance level in
25-foot seas and 60-knot winds.

5.4.2 Required Operational Capabilities

Based on the above MNS, an initial set of required operational capabilities
(ROCs) can be established. A more detailed analysis of military capability
tradeoffs can be conducted after initial sizing of cutter payload. Fig-

ure 2-14 can be used as a notional set of ROCs to illustrate this evaluation
approach.
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5.4.3 Task Requirements

Figure 5-3 relates mission requirements to tasks to be performed. The tasks
are basic building blocks for construction of scenarios and evaluation of spe-
cific craft capabilities. They also represent an interim step for the devel-
opment of mission equipment, personnel, and support requirements. The tasks
listed in figure 5-3 are based on standard task groups developed during CREE
model development and program conversion to BASIC for operation on an inter-
active desktop computer as discussed in section 3.

5.5 MISSION PAYLOAD

The mission payload includes equipment, personnel, and necessary support to
perform tasks specified in figure 5-3. It does not include fuel load and
platform-related requirements. The fuel load will be calculated on endurance
and speed requirements, which will be based on various scenario calculations.

5.5.1 Mission Equipment

Figure 5-4 relates tasks to mission equipment. Equipment selected is based on
current equipment approved for service use in the U.S. Navy and/or equipment
common to current Coast Guard cutter acquisition programs such as WMECs.

Figure 5-5 is a sample form that would provide design information on equipment

specified to calculate total military payload weight, volume, and support
requirements.

5.5.2 Personnel Requirements

Persornel manning requirements are driven by cutter operational and mainten-
ance policy, mission requirements, and equipment operational and maintenance
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requirements. Figure 5-6 proposes crew requirements based on mission equip-
ment suite provided and tasks to be accomplished. Manning requirements are
greatly affected by endurance and special functions such as the need to pro-
vide custody crews during ELT missions.

5.5.3 Support Regquirements

The direct mission equipment and personnel requirements discussed previously
generate support requirements not normally required by the platform including
its power plant. These requirements are tabulated in figure 5-5 and include
weight, volume, energy, and envirommental control. The generation of support
requirements is not to be confused with equipment specifications. The systems
and equipment specifications are the result of an integrated ship design proc-
ess conducted during the development of point designs. During this process, -
total vessel requirements are integrated such that electrical power genera-
tion, for example, can be specified.

5.6 SCENARIO CALCULATIONS

5.6.1 MOE Sensitivity Analysis

Each of the MOEs developed in section 2 can be related to craft characteris-
tics. For a given scenario, or set of scenarios, the craft characteristics
may be varied to attempt to optimize the MOE. If an optimum cannot be
obtained, tradeoff curves can be developed. For example, the SAR MOE can be
calculated as a function of the speed versus sea state curve for a hypotheti-
cal cutter. If it can be determined that the incremental gain in SAR MOE is
insignificant beyond a given speed versus sea state capability, then that
capability can be cited as a requirement for point design.
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5.6.2 Operational Requirements Envelope

For several missions, and consequently scenarios, a composite curve of
required craft characteristics will result. The envelope describing the max-
imum requirements will be used to size the craft. For example, SAR may impose
the highest speed requirements, whereas ELT may impose the greatest endurance
requirements. However, these requirements may be traded off in sizing the
craft. Since the SAR mission does not require as great a payload as ELT, the
craft may achieve the higher speeds at lighter displacement. This is a less
.stringent requirement than imposing maximum speed at maximum displacement.

5.6.3 Specified Speed Histogram

For every scenario created either through the MOE development approach of sec-
tion 2 or through the CREE model, the time required at each speed and sea
state occurrence can be calculated. The resulting horsepower distribution

can be used to calculate horsepower requirements for a given craft size and,
consequently, fuel consumption. These calculations lead to a determination

of the total fuel required for the scenario. Considering the envelope of
requirements as discussed in section 5.6.2 above, the fraction of the craft's
total payload that will be required for fuel can be determined.

5.7 POINT DESIGN

5.7.1 Power Plant Selection

As a result of MOE sensitivity analysis and establishment of operating enve-
lope discussed above, the basic requirements for selecting a power plant have
been specified. The following specific design points can be calculated when a
specific hull form is assumed:
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1. Maximum power is based on maximum speed requirements and/or appro-
priate design margins for craft such as hydrofoils which have a "hump" in the
relationship between power and speed at takeoff. The percent of time the
craft will operate at full power is important when considering combined plants
such as gas turbines and diesels to minimize total plant weight.

2. Cruise power is based on speed at which craft will operate the great-
est percent of time. This is the power that requires maximum plant efficiency
to reduce craft's overall fuel consumption.

3. Special requireneﬁfs such as power required for towing vessels of
specified size; or propulsive control to maintain near-zero relative speeds
to tend pollution control booms.

The selection of the power plant, as in craft selection, must consider avail-
ability and life cycle costs. Performance alone cannot be the sole criteria
since an adverse impact on craft's availability, due to lack of trained per-
sonnel or critical parts, can have a more severe effect on the craft's overall
value.

5.7.2 Fuel Load Calculations

Having selected a specific hull form and power plant, the specific fuel con-
sumption, as a function of speed, can be calculated. When this curve is com-
bined with the speed and time requirements, fuel loads can be calculated for
each scenario. The maximum fuel load is used to size tankage. Fractional
fuel loads may be offset by additional payload or increased speed require-
ments.

5.7.3 Total Payload

The total payload includes the mission payload and fuel. It may be divided
into two: the fixed payload, which includes installed equipment and basic
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personnel requirements, and the variable payload, which includes fuel, addi-
tional personnel, and equipment requirements. The variable payload is
mission- and even scenario-oriented. The minimum amount of mission equibment
common to all scenarios should be installed as to provide maximum flexibility
and minimum craft size.

5.7.4 Design Standards

Design standards may be stated in terms of what requirements are to be 1mposed'
on all craft designs or they may detail how such requirements are to be imple-
mented. Habitability, survivability, and ability to launch and retrieve a
small boat are examples of standards that specify the requirements, whereas

detailed procedures for power calculations specify how these standards are to
be implemented.

In addition, design standards/guidance vary in detail and in effect on the

design. During conceptual and preliminary design only those standards that
significantly affect craft size need be considered.

5.7.5 Craft Sizing

Determining the craft dimensions and displacement is an iterative process. An
initial estimate may be made by first determining maximum mission payload and
assuming this to be 10 percent of gross displacement. Approximate dimensions
may then be established for generic hull form selected and preliminary distri-
bution of weights by weight groups may be estimated from design algorithms.

The power plant may then be sized as discussed in section 5.7.1 above and fuel
loads calculated as per section 5.7.2. Upon completion of calculation of fuel
Toads, the total payload may be determined and compared with initial esti-

mates. This calculation will provide the basis for a second iteration on pre-
liminary craft size. Before detailed arrangements are developed, sensitivity

analysis on various parameters may be performed to optimize the platform per-

formance.
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The above outline is intended to be a brief overview of the design process.
The actual conceptual design requires considerably more detail in arriving at
stability calculations, compartment spacing, scantling estimates, and numer-
ous hydrostatic and hydrodynamic calculations.

5.7.6 Interactive Design

To minimize the time required to complete a creditable conceptual design,
interactive computer programs have been developed for conventional and some
AMV types. One such computer program is the Hydrofoil Analysis and Design
Evaluation (HANDE).

When such programs exist, the craft evaluation process can take on a new
dimension. The output of a computerized craft design module can output data
to be input directly into a computerized operational analysis module such as
the CREE program. This link facilitates dialogue between operations analyst
and ship designer. It provides a craft design fully responsive to operational
requirements and visible correlation between operational demands and result-
ing craft characteristics.

5.8 CRAFT MOEs

- 5.8.1 Total Performance MOEs

The evaluation of multimission crafts requires the combination of several
performance MOEs for each mission and scenarios within each mission. Develop-
ment of the combination process was beyond the scope of this report. However,
the effect of various missions on operating requirements was discussed in sec-
tion 5.6. It is important to note also that optimization techniques should be
focussed on the combined craft MOE rather than individual MOEs. For example,
craft characteristics resulting from an optimum SAR MOE may result in "sub-
optimization" for total craft requirements.
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5.8.2 Availability and Life Cycle Cost

Availability and life cycle costs were not developed in this report but are
also of considerable importance in developing overall craft MOE.

Availability, which includes reliability, maintainability, and logistic sup-
portability, directly affects the number of craft required and hence on fleet
life cycle costs. The unit Tife cycle cost must be weighed both from initial
investment and continued support. Higher reliability may be obtained at
higher initial costs. If it can be achieved through redundancy, it may
improve availability when parts are common and readily obtainable. Thus,
availability and life cycle costs are closely interdependent and significant
considerations.

5.8.3 Cost Effectiveness Measures

The final comparisons between craft can be made based on cost effectiveness.
In the process described above, every mission, scenario, or craft MOE will
have a craft life cycle cost associated with it. The comparison may be made '
between craft types or for incremental changes in MOEs for the same craft.
These procedures provide quantitative appraisals that can aid decision

makers, but in the last analysis, human judgment will be required to determine
the absolute worth of performance improvements: How much can the Coast Guard
invest to increase the probability of saving lives from 98.6 to 99.0 percent?
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GLOSSARY

AAW antiair warfare

AMV advanced marine vehicle

ASUW antisurface warfare

ASW " antisubmarine warfare

CG Coast Guard

CREE Cutter Resources Effectiveness Evaluation
CRT cathode ray tube

DTNSRDC David Taylor Naval Ship Research and Development Center
ELT enforcement of laws and treaties
HANDE Hydrofoil Analysis and Design Evaluation
HP Hewlett Packard

MEP marine environmental protection
MLB motor life boat

MNS mission need statement

MOE measure of effectiveness

MP military preparedness

MR military readiness

MRB motor rescue boat

OR operational requirement

POD probability of detection

POE projected operational environment
PwB ports and waterways boat

RBS recreational boating safety

ROC required operational capability
SAR search and rescue

SES surface effect ship

SONO statement of nonobjection

SRA short-range aids

SWATH small waterplane twin hull

uTB utility boat

WHEC high-endurance cutter

WMEC medium-endurance cutter

WPB patrol boat

WWM waterways management
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