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PREFACE

This volume is one of a series which collectively documents the Cutter Resource
Effectiveness Evaluation Project. The complete documentation includes the

• following:

— Executive Summary

— Volume I: Analysis and Synthesis of Coast Guard Programs

— Volume II: The Evaluation of Craft Performance in Coast Guard Programs

— Volume III: Utilization of the Cutter Resource Effectiveness Evaluation
Model

— Users/Programmers Guide to the Cutter Resource Effectiveness Evaluation
Computer Program

The study was requested in August 1974 by the Office of Operations and until
August 1975 was directed by CAPT C. L. BLAHA , Chief , Plans and Programs Staff.
Subsequent efforts have been directed by CAPT P. M. JACOBSEN , Chief , Plans and
Programs Staff. The initial Project Monitor in G—OP staff was Mr. P. J. D’ZMURA .
Since October 1975, LCDR B. C. MILLER of the G—OP staff has been Project Monitor.
The Project Office in G—DOE--2 has been CDR A. TURNER.

This study was conduc ted by the Coast Guard Research and Development Center ,
Gro ton , Connecticu t, with technical assistance from the Department of
Transportation t s research and development activity , Transpor tation Systems
Center , Cambridge , Massachusetts. The full—time study team members were :

LCDR F. M. HAMILTON (R&DC) MR. A. PASSERA (TSC)
MR. C. W. PRITCHETT (R&DC) DR. D. S. PRERAU (TSC)

Additional assistance was provided by the following :

CWO H. HUDGINS (R&DC) FIl R. YOUNG (R&DC)
MR. H. GREEN (R&DC) MS. L. KOSTRICH (TSC)
MR. K. MURPHY (TSC) MS. N. E. MAHONEY (R&DC)
MR. J. GARLITZ (TSC & IOCS, Inc.) MS. I. LARROW (R&DC)
MS. J. COLLIER (TSC) Cadet 1/C G. McGARVA
MS. P. CONCANNON (TSC) MS. S. KEAVENY (R&DC)
MS. R. CHIN (TSC)
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i.O INTRODUCTION

1.1 Technical Overview

To determine the potential for utilization of HPWC (High Performance
Watercraft) and conventional craft in Coast Guard missions , an analy tical model
addressing bo th the job to perform and the capab ili ty of var ious resources has
been developed . This model , called the Cutter Resource Effectiveness Evaluation
(CREE) Model,” is made up of three major elements as shown in Figure 1—1 and
listed as follows:

a. Concepts of Operations
b. Craft/Task Evaluations
c. Scenario Calculations

Broadly speaking, the Concepts of Operations element is concerned with
the job to be performed and the method of craft deployment . This is where the
operational requirements are specified , various craft and suitable methods of
dep loyment are chosen , and task—oriented scenarios are constructed .

The Craft/Task Evaluation element of the CREE Model consists of three
sections that eventually provide a numerical evaluation of craft performance of
a task. The first section, called Craf t Charac ter istics ,takes the craf t
concept specified in the Concept of Operations and determines .ypical detailed
charac teristics of that craft. The second section , called Parameter,
uses these craf t charac teristics coupled with var ious opera tional requirements
from the Concept of Operations , and calculates dimens ionless numer ical values
(parameters) indicative of the craft ’s performance in a va riety of areas, such
as maneuverability at various operational speeds, towing ab ili ty,  and seakind—
liness, to cite a few. These parameters form the input for the third section ,
the Task Probabil ity of Success, which calcula ted the success of craf t
performance of a task. The outputs of the Craft/Task Evaluations element are
numerical values indicative of how a given craf t performs the given tasks with
the specified operational requirements.

Finally , the Scenario Calcula tions elemen t addresses the eff ect iveness
of the craft performing in a larger arena — that of complete sorties or missions ,
in either single or multi—program scenarios. Since scenarios are made up of
tasks , like search , tow , board or transit , and since craf t performance of tasks
is quantified in the Craft/Task Evaluations element , the Scenario Calculations
element utilizes this Craft/Task Effectiveness output . These calculations are
accomplished in the Program Probability of Success element of the CREE
compu ter program , which has as its output , values for craft mission success for
the specified Operational Requirements.

1.2 Organization and Content

This volume of the Cutter Resource Effectiveness Evaluation Report
contains the technical rationale behind the development of a procedure which
evaluates craft performance in Coast Guard Programs. That is, referring to the
CREE Model organization in Figure 1—i , this volume addresses bo th Craf t

/Task 1
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Evaluations and Scenario Calculations . Volume I of this report addresses Concepts
of Operations , or the specification of the problem by the user of the model;
Volume III contains some sample problems tha t have been addressed w ith the CREE
Model .

This volume first presents the craft selection and definition of
characteristics, and then describes and develops the evaluation procedures for
these craft performing tasks, sorties and scenarios. Finally, a procedure is
presented whereby the results of the CREE Model can be phys ically rela ted to the
goals of Coast Guard Programs.

3
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2.0 RESOURCE DEFINITION AND DESCRIPTION

To enable accura te evalua tion of HPWC and conven tional craf t performing in
various missions , the opera tional and technical charac teris tics of the vessels
considered must be known. This could be achieved by cons idering several spec if ic
des igns of all possible HPWC types ; for example , a 50—knot , 80—foot Submerged

• Foil Hydrofoil , a 40—knot, 130—foot Surface Piercing Foil Hydrofoil , a 60—knot ,
100—foot Air Cushion Vehicle, a 40—knot , 90—foot Planing Craft. This is at best
a “shotgun” approach , however , assuming the preferred specif ic des igns are known
in advance.

• To prov ide flexib ility ,  a craf t charac ter istics program was devised as par t
of the CRE E Model , which enables the user to spec if y certain critical character—

F istics of any one of the various types of HPWC or conventional craft and thereby
fix his own design . Utilizing numerous computer—filed design relationships , the
output of the Craft Characteristics program provides the significant technical
and operational characteristics for the craft type specified by the user. These
craft characteristics then form the starting point for subsequent calculations
in the evaluation procedure.

For existing Coast Guard craft , the Craf t Charac ter istics section need no t
compute the operational and technical features , as these are known quantities .
In this case , a list of these known data is produced from stored tables. No
design information can be specified by the user for such craft as these craft
actually exist.

In summary , the Craft Characteristics section of the computer program pro-
vides a list of distinctive operational and technical features of user—chosen
HPWC and conventional craft based upon several user—inputted characteristics.

2.1 Craft Selection

The user selec ts the craf t desired for  evaluation by specifying the
fol lowing four inputs: (1) craft type , (2) size , (3) speed , and (4) fuel
fraction of total useful payload . Only the TYPE Code need be specified for the
CG craf t (Types 101 through 112).

a. The Craft TYPE. Any of the following craft types can be
selected .

TYPE CODE CRAFT

10 Hydrofoil , Submerged Foil
11 Hydrofo il , Surface Pierc ing Foil
20 ACV (Air Cushion Vehicle) — Low cushion pressure
21 ACV — High cushion pressure
30 SES (Surface Effect Ship)
40 Planing Craf t
50 Ca tamaran
60 SWATH (Smali Waterplane Twin Hull)
70 Hybr id Vessel
80 Conventional Craf

t4
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TYPE CODE CRAFT

101 MRB 26 ’
102 PWB 32’
103 UTB 41’
104 MLB 44’
105 MLB 52’
106 ANB 55’
107 ANB 63’
108 WPB 82’
109 WPB 95’
110 WMEC 210’
111 WMEC 270’
112 WHEC 378’

b. Craft Size. Either the length of the craft (feet) or dis-
placement (tons) must be specified for the HPWC or Conventional TYPES. The
limits on these leng th or disp lacement values are as follows :

TYPE AND CRAFT ACCEPTABLE INPUT VARIATION OF SIZE
LENGTH (feet) - DISPLACEMENT (tons)

10 HYDROFOIL , Submerged Foil 75—150 65—250
11 HYDROFOIL , Surface Piercing 70—150 25—200
20 ACV , Low Cushion Pressure 65—135 15—200
21 ACV, High Cushion Pressure 50—100 15—150
30 SES 100—150 90—250
40 PLANING 85—150 40—275
SO CATAMARAN 40—135 10—140
60 SWATH 100—300 500—3500
70 HYBRID 40—135 10—140
80 CONVENTIONAL 50—400 30—3500

c. Craft Speed. The maximum design speed of HPWC or Conven-
tional craft from the below—listed set of design speed ranges must be specified .

MAX VARIATION OF
SPEED INPUT

CRAFT TYPE (KNOTS)
- 

10 HYDROFOIL , Submerged Foil 40—50
11 HYDROFOIL , Surface Piercing 30—40

. 20 ACV , Low Cushion Pressure 50—70
21 ACV , High Cushion Pressure 40—60
30 SES , High Length to Beam Ratio 30—40
40 PLANING 35—45
50 CATAMARAN 30—40
60 SWATH 15—25
70 HYBRID 30—40
80 CONVENTIONAL 15—30

5
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d. Fuel Fraction. The percentage of total useful payload to be
carried as fuel must be specified as a decimal fraction , Ff. Ff has upper and
lower limits of 0.80 and 0.20 respectively.

2.2 Craft Characteristics

As discussed earlier , a large nuinl . r of UPWC design relationships
have been developed and stored as computer—filed information in the craft char—

• acteristics section of the computer program . This aliows the user to obtain a
complete listing of distinctive craft characteristics for the craft specified
by his input. Appendix A contains CALCOMP plots (computer—drawn graphs) of this
stored information. The methodology utilized to calculate these characteristics
is depicted by the “Schematic Diagram for Craft/Task Evaluation” shown in
Appendix B. This diagram portrays each step necessary to calculate the charac-
teristics and indica tes at wha t point in the arithmetic procedures the f i le
information is utilized .

The computer—filed design information is only as detailed and precise
as necessary to distinguish between the different capabilities of the various
types of HPWC and conventional vessels; the relationships used are linear , piece-
wise linear , or logarithmic approximations. The relationships represent present
or near—term technology and are general in nature. The program will provide
distinctive technical and operational features of various HPWC only to that
degree of precision needed to accurately evaluate the effectiveness of various
craft and types in mission scenarios. The program will not provide an optimal
design from a ship designer ’s viewpoint , but is only a tool to assist in the
determination of the suitability of various craft for Coast Guard missions.

Table 2—1 illustrates the craft characteristics output format and
content.

6 
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TABLE 2—1

CRAFT CHARACTERISTICS OUTPUT PAGE FORMAT

C R  A F T  C H A R  A C  T E  R I  S I T  C S

CRAFT TYPE NAME
DISPLACEMENT 1? TONS
LENGTH # FEET
DESIGN SPEED II KNOTS
FU EL FRACTION II RATIO

LENGTH II FE E T
BEAM # FEET
DR AFT II FEET
LENGTH /REAM RATIO II
DRAFT/LENGTH RATIO 1!
DISPI ACEMENT II TONS
SURVTVAB ILITY I SEA STATE
TOWS VESSELS UP TO I TONS
USEA RLE DECK AREA I SQUARE FEET
CARG O CAPACITY  I TONS
FUEL CAPACITY I TONS
USEFUL PAYLOAD # TONS
INSTALL ED POWER # HORSEPnW FR
POWER TO WEIGHT I HP/TON
TRAN SPORT EFFICIENCY I HP/TON—KNOT
RAN G F AT CRUISE SPEED I NAUTICAL M ILES
ENDU RANCE AT CRUISE SPEED I HOURS

FLANK CRUISE REDUCED ON
SPEED SPEED SPFED SCENE

ENGINE TYPE (I ) ( fi) ( I) ( I  )

CALM WATER SPEED U I U U KNOTS
SFC (WETGHT) I I I I LR S/HP— HR
SFC (VOL UME ) I U U 1 GAL/HP—HR
HP U T I L I Z E D  I U I HP
FUEL C O N S U M P T I O N  I U U 1 GA L / H R
FUEL. CONSUMPTION I I I I G A L / N A I I T  MI
ENDURANCE (FUEL ) I U I I HOURS
RANG E I I I U NAUTICAL 141
T U R N I N G  R A D I U S  U U U U Y A RnS
CRAFT MOTION U I U G
AVG FUEL RAT E I U 1 1 GA L/H R
A V G  SPEED I U U I KNOTS
TOW SPEED I U I U KNOTS

7
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3.0 TASK EVALUATION

A task is defined as the lowest level of discrete activity that can be
iden t i f i ed  in vessel or personnel mission performance. One of the basic premises
of the model is that the most elementary level of craft comparison is made at the
task level.

When evaluating craft performance of a task, two distinct aspects of this
performance must be addressed , i.e., how much can be completed and how well is
it done. In this model, the quantity of task accomplishment Is represented by
the probability of successfully completing any given task, and quality of per-
formance is described by quality Indicators such as time to complete the task,
and the fuel used in completing the task.

This section , TASK EVALUATION , addresses both aspec ts of this evaluation
and presen ts the ra tionale used to quan tif y these two components.

• To evaluate craft performance of the many tasks included in this model , it
first should be noted that this model only considers task accomplishment and
performance as it is dependent upon craft selection, and that several different
tasks , from the sole consideration of craft selection , may be equivalent. For
example, Fighting Fire on Another Vessel is obviously vastly different from
Seizing , but from the CC craft point of view, both require the CG craft to wait
while on the other vessel a fire is put out or a seize is performed . In both
cases , therefore , the action of the CG craft is the same. It is organizationally
most convenient to assemble all such similar tasks into sets so that each task
within any given set can be evaluated in the computer in the same manner. This
effectively reduces the total number of tasks that must be considered yet does
not reduce the accuracy of the model . The sets are called Master Tasks, and
each individual task will have a corresponding Master Task. Table 3—1 is a
Master and Individual Task listing.

3.1 Quantity of Task Accomplishment — Probability of Success

The probability of successfully completing a task Is indicative of the
quantity of achievement, and can be used to realistically represent how much of
a given Job or workload can be accomplished . Although there is a degree of
uncertainty when expressing the quantity of accomplishment by a probability of
success, several attractive features of this procedure make the probability of
success a highly desirable measure. - 

-

Assuming more work performed is better , larger values of probability
of success are better . Moreover , in a comparison of two probabilities of success,
a value of 0.80 is twice as good as a value of 0.40. Since a probability of
success can be easily understood and physically interpreted , numerical solutions
expressed as probabilities of success are more palatable to the non—analyst
reviewer or decision maker. Finally , since a probability of success represents
yes/no situations, it can be experimentally measured , thereby providing an ideal
validation procedure.
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TABLE 3-1

MASTER-INDIVIDUAL TASK LIST

CATEGORY MASTER TASKS INDIVIDUAL TASKS

ASSIST —General Assistance

BOARD —Board
—Retrieve Boarding Party

• MONITOR ACTIVITIES —Monitor Activities
—Monitor Oil Spill
—Stake—out Special Interest Vessel

RETRIEVE —Retrieve Objects
• ON -Retrieve People

SCENE WAIT —Fight Fire on Another Vessel
—Inspection

TASKS —Loiter
—On Board Assistance
—On Scene Commander
—Seize
—Work Equipment from Small Boa t

WORK EQUIPMENT AT DRIFT —Work Equipment at Drift

WORK EQUIPMENT —Fight Fire from CG Vessel
AT POSITION 

• 
-Load Equipment
—Launch Small Boa t
—Retrieve Small Boat
—Take Water Sample
—Unload Equipment
—Work Equipment at Fixed Position

SEARCH DISTRESSED UNIT —Search for distressed unit

SLOW ESCORT —Slow Escort
REDUCED

SEARCH PEOPLE —Search for People
SPEED

SLOW PATROL —Slow Patrol
TASKS

TOW —Tow

ESCORT —Escort

CRUISE IDENTIFY —Identify Craft 4
—Identif y Fleet

SPEED
PATROL —Patrol

TASKS __________________________ __________________________________-
SEARCU TARGET —Search for ship

TRANSIT —Search for Fleet
—Transport People

— 
—Transit

TRANSPORT —Transport Equi pment
FLANK
SPEED RESPOND -Dash
TASKS —Interdict

_ j



3.1.1 Defini t ion of Probability of Success

In this model the probability of success is defined as the
ratio of the number of times a task is successfully performed to the number of
times it was attempted . The probability of a craft successfully completing a
task i3 dependent upon the capabilities and limitations of the craft (craft
characteristics), and upon the operational requirements , such as the sea state ,
visibility, distances and workload . These factors affecting the probability of
success are each numerically described by parameters, which range in value
between 0.0 and 1.0, and which express a degrading effect upon an initially
assumed perfect task performance. The probability of success of a task is
obtained by multiplying each of the parameters together .

N
Probability of Success (Task) =fl’PAj

1=1

where N is the total number of
parameters (PA) multiplied
toge ther

Since parameters reflect the degradation in the quantity of
work that can be performed due to a particular factor , multiplication of the
parameters is a legitimate method of combining all of the factors affecting task
performance to obtain a task probability of success, assuming we have chosen
factors that are independent .

3.1.2 Parameters

The parameters described below illustrate the aforementioned
degradation of craft capability and operational requirements upon task com-
pletion or probability of success.

CARGO CAPACITY (CC) indicates whether or not cargo can be
carried on board a given craft. Cargo required to be transported is specified
by two numbers , its weight and “footprint” area. Similarly the craft capacity
is characterized by the two analagous quantities , its cargo weight capacity and
its deck area available for cargo stowage. If the craft ’s deck area and cargo
capacity are both greater than or equal to the cargo weight and footprint , then
the craft is able to carry the piece of cargo.

CC is calculated using the following Kronecker Delta product
form:

C C = 6 A *&.~

where: ~A 
= 1 if deck area > footprint

of cargo , zero otherwise

= 1 if cargo capacity > cargo/
gear weight , zero otherwise

10
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CC is then , a four argument func t ion  ( c ra f t  area and capaci ty  and cargo area and
weight) which mus t satisfy the above rules. It has only two values (1 or 0)
depending upon the gear being considered .

The footprint and weight of the cargo mus t be specified by the
user whenever the scenario contains a Transport Equipment task. The craft deck
area and cargo capacity are ca].culated in the Craft Characteristics section of
the computer program for the specific craft under consideration. Note that a
craf t’s cargo capacity (weight) is influenced by the user ’s choice of f uel
fraction which is his specification of the percentage of total useful payload to
be devoted to fuel. The craft deck area and cargo capacity are also a function
of the type and size of craft specified by the user.

TOW PARAMETER (N). Since all vessels are limited in the
maximum size of the vessel they can tow, the TOW PARAMETER quantifies the towing
capability of a craft with respect to a user—supplied distribution of vessels to
be towed. In setting up the problem for investigation, the user specified this
distribution of vessels to be towed by using either available SAR data or his
own estimates . To arrive at the value for N, this distribution is integrated
from zero to the maximum size of vessel that can be towed by the craft under
consideration.

~max

N E f P(A )dA

where :

P(A) is the probability distribution
of vessels to be towed

Amax is the maximum size of tow by
craft under consideration

This number , N, is then, the fraction of all vessels required
to be towed which can be towed by the considered craft. Since the towing dis-
tribution can be varied by the user, the value for TW changes with different
distributions specified . It should be noted that all towing is performed at a
user—inputted reduced speed , but speed does not affect the value of N.

These points and others are highlighted in Figure 3—1, Tow
Parameter Trend Diagrams , where N is shown to increase as towing ability
increases and decrease as the size of the towed vessels increases.

The following algorithm is used to determine the size of the
average vessel towed : the cumulative probability of the towing distribution
(CPT) at the craf t ’s maximum towing capability (Amax) is divided by two , and the
curve re—entered with this value of CPT~max as shown in Figure 3—2. This yields
a “one—half” or average value of vessels towed (t~tow).

The towing speed associated with ~tow is determined using
Figure 3—3 wherein t~craft is the displacement of the craft being evaluated in
the model.

11 
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DRAFT PARAMETER (DF) indicates the fraction of the area a given
craft can operate in due to the depth of water . Given an area of required
operation, a curve of “fractional areas with depth less than depth h” versus
“depth of water h” must be developed . Such a curve is shown in Figure 3—4 ,
Typical Depth of Water Distribution Curve .

An operational restriction for a craft may be imposed , such as
only operating in charted waters where the mean water depth is 2.5 times the
draft of the craft. The fraction of the operating area in which the craft could
be operated safely with such a restriction could be read from the curve .

To calculate values for this parameter , the opera ting reg ion
must be known and accurate charts must be available to develop the fractional
area curve. To date, this parame ter has not been full y incorporated into the
model and a value of 1.0 is used when DF is required . Thus, in the present form
of the model , craft dratt has no effect on probability of success which is the
same as assuming that there is deep water throughout the entire operating region .

MANEUVERABILITY PARAMETER (MN). In this study , low and high
speed maneuverability are considered separa tely, and quantified as frac tions of
vessel size and turning radius respectively.

Low speed maneuverability is considered to be independent of
craft type. This assumes that any desired maneuverability characteristics , such
as helm response, turning radius , acceleration or stopping abilities , can be
designed and buil t into any of the high performance or conventional craft. This
is a realistic assumption as many maneuver—assisting devices are available for
each craft type. Some of these devices include controllable pitch propellers ,
bow thrus ters , ro tating pylons, twin shafts, or sophisticated control systems .
At low craft speeds, the maneuvering forces on any craft type are comparable ,
given equal size vessels. Viewed in another way, it can be said that smaller
vessels are more maneuverable than large vessels. It follows , therefore, that ,
vessel size (length) is an adequate indicator of the maneuverability, and is so
used in this model.

The low speed maneuverability parameter is defined as the
effec t of length upon the performance of low speed tasks. The parameter value
for any given length is shown in Figure 3—5, Low Speed Maneuverabili ty Vers us
Craft Size.

High speed maneuverability is a function of craft type in that
the directional stability and controllability of a craft is inherently a function
of the hull form. Fortunately , sufficient high speed turn rate data is avail-
able for each craf t type so that this model can consider turning radius as the
indicator of craft maneuverability at high speed . Turning radius is the product
of craft speed and the reciprocal of turn rate, and is calculated in the Craft
Characteristics section of the program for all speeds. The parameter value for
any given turning radius is shown in Figure 3—6 , High Speed Maneuverability
Versus Turning Radius .

14
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TABLE 3-2

MAXIMUM ACCEPTABLE LEVELS OF CRAFT MOTION

MAXIMUM
SPEED ACCEPTABLE

CATEGORY MASTER TASK CRAFT MOTION
______________ _________________________ (C’ s)

Assist .7

Board .6

ON 
Monitor Activities .8

• SCENE
Retrieve .5

TASKS Wait .9

— Work Equipment at Drift .5

________________ 
Work Equipment at Position .5

Search Distressed Unit 1.0
REDUCED

Search Peonl~ an~ Qbie~ts, ~~~~~~~~~~~SPEED
Slow Escort N/A

TASKS Slow Patrol ______N/A ____

Tow 1.0

Escort N/A
CRUISE

Identify 1.0
SPEED

- _  Patrol N/A
TASKS 

—

Search Target 1.0

______ 
Transit ____ N/A

_________________ 

Transport N/A

FLANK Respond N/A
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SEAKINDLINEES PARAMETER (SK). The Seakindliness Parameter
indicates the fraction of task occurrences that can be performed successfull y
when the performance of the task is hindered or prevented by craf t mot ion due to
the sea state. The procedure for determining the value of the SK parameter is
outlined below.

For a given task , the limit of maximum craft motion where the
task can no longer be performed is identified . Using the craft motion versus
sea state envelopes of the Craft Characteristics section of the program , the sea
state at which this motion occurs is determined . This is a function of the
craf t type , size and task speed . The sea state distribution specified by the
user when setting up the problem is then integrated from zero to this maximum
acceptable motion value of sea state. The resulting number is the fraction of
the total number of times which that task may be successfully performed .

Figure 3—7, Determination of Seakindliness Parameter Valu .-s ,
illustrates this procedure , and Table 3—2 shows the maximum acceptable levels of
craft motion for all tasks.

The GO FRACTION PARAMETER (GO) indicates the probability that a
craft can achieve speeds in a seaway greater than some established minimum
speed. Any speed less than the minimum speed is “inordinately slow ,” hence not
worth going and equivalent to a “NO GO. ” For Flank , Cruise , Reduced Speed and
On Scene, these lower speed limits are chosen to be 15, 8, 5 and zero knots ,
respectively.* The sea state which limits the craft to the acceptable minimum
speed is read from the speed—sea state envelope for each selected steaming
speed . The sea state probability is then integrated from zero to this speed ,
SS(V) .

SS(V)
GO fP(SS)dSS

where: P(SS) is the probability
of sea state

SS(V) is the sea state of
the lower speed limit

GO is dependent upon the choice of the “inord inately slow
• speed ,” the sea state distribution, and the craft speed—sea state envelope.

This parameter is computed for all selected steaming speeds.

The relationship of GO to these variables may be seen in Figure
3—8, GO Parameter Trend Diagrams.

*These lower speed limits for the GO Parameter affect the probability of
succe ss for every task through the Limiting Sea State (LS) Parameter (see Table
3—2). Hence, the results of the CREE Model are very sensitive to these speed
limit values.
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SURVIVABILITY PARAMETER (SU). The survivability parameter is a
measure of the maximum sea state which a craft can endure and then continue on
its mission. Sea states higher than the survivability sea state do not mean
that the craft sinks, only that it is totally unable to operate in the specified
environment. SU is calculated by integrating the sea state probability distri—
bution between the limits of zero and the survivability sea state of the craft.
The survivability sea state is a function of the type and size of craft and is
calculated for the specific craft under consideration in the Craft Characteristics
section of the program.

LIMITING SEA STATE PARAMETER (LS). The GO , SURVIVABILITY and
SEAKINDLINESS parameters each express the fraction of expected seaways in which
a craft can successfully perform a given task. Since the sea state is the
limitation in each of these parameters , the effect of sea state upon task per-
formance would be triple weighted in the task probability of success if all
three parameters were considered . It is necessary therefore to define a Limiting
Sea State parameter which is the minimum of any of the “sea state” parameters
previously discussed . The use of the Limiting Sea State parameter therefore,
allows the task probability of success calculations to consider only the sing le
most significant degradation in task performance due to sea state.
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3.1.3 Summary of Task Probability of Success

The task probability of success is the product of five par~tn~~ters :

(1) CC (Cargo Capacity)
(2) DF (Draft)
(3) MN (Maneuverability)

• (4) LS (Limiting Sea State)
(5) N (Tow)

The parameters represent the degree of degradation in t~isk
completion due to their topical or subject effect. If a parameter has no effect
on a task its value is unity and does not decrease the task probability of
success.

Table 3—3 , a Task—Parameter Influence Matrix , shows wh ich
parame ters influence the tasks cons idered in this model , and Table 3—4 illustrates
the parameter output content and format of the Craft/Task Evaluation element of
the computer program.

3.2 Quality Indicators of Task Performance

Task probability of success provides an excellent indication of the
quan tity of work tha t can be performed , however it gives no informa tion on the
quali ty of performance , or how well a task is performed . In general , when
evaluating craft performance , two significant indicators of quality are the time
required to complete the task, and the amount of fuel consumed while performing
the task. Other factors, like craft habitability during task perf ormance , can
be considered if desired , but because these “sof ter ’s indica tors do no t a f f e c t
ability to perform a task, they tend to obfuscate the evaluation process by
increasing the volume of information that must be digested .

It should be pointed out that this discussion focuses upon quality
indicators while performing a task. The craft related features of range ,
endurance, comp lement , and so forth are a separate matter and should not be
confused with the indicators describing how well a task is performed .

3.2. 1 Time to Perform a Task

The t ime to per for m any given task may be dependent upon a
variety of items depending upon the particular task. Consequently, each task
must be cons idered individually in the “ time ” calculation procedu res. In
general, however, the time to perform most tasks is a function of the opera-
tional requirements , or the user stated—inputs that init iate the problem , and
the characteristics of the craf t  performing the task.

For example , the distances specified by the user in his
scenario construction and the craft speed in the sea state determthe the time
required to transit from a home port to the patrol or on scene area. As a
further level of sophistication in this transit time example , the visibility
dist ribution specified by the user is taken into account when calculating the

20 
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TABLE 3—3

PARAMETER INFLUENCE MATRIX
(where X denoted influence)

‘N. CARGO ~INITING MANEUVEI
DRAFT SEA TOW

• MASTER ‘N.N. CAPACI~ STATE ABILIT

TASKS “
N~~ CC DF LS MN N

ON S C E N E  TA S KS ~..

Assist/Board X X X

Monitor Activities X X X

Retrieve X X X

Wait X

Work Eqmt . (Dr i f t )  X X

Work Eqmt . (Position X X X

REDUCED SPEED 
~~~~~~

Search Diet. ilnit X X

. Searcb~~~~~~~LQ~j  X X 
-

Slow Escort 

Slow Patrol X X

Tow x x x
CRUI  SE SPEED 

~~~~~ ~~~~~ : ~~~~~~
— • TASKS - ~~~~~~~~~ ~~~~~~ ~~~~~~~~

Escort - 
x

Identify X X

Patrol 
- 

x

Search Target - 
X X

Transit - 
X 

-

Transport Egmt . X 
_______ 

X 
_______ _______

FLANK SPEED - 

~~~~~~~~~~~~~ ~~~~~~
TAS KS .......~~~~~~~~~ :..._ ...... ~~~~~~~ 

, .
~~~~~~~~ ~~~~~~~

Respond X
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TABLE 3—4

CRAFT PARAMETERS OUTPUT PAGE FORMAT

C R M F T  P A I ~~ A~~~~ E T F I ~~ S

CRAFT TYPE NAME
OIS FLA C Fi~ENT // T cws
LENGTH I/ FEET
DESI GN SPEED # ~~~OT S
FUEL FR~~C T T O N  # RATIO . 

-

v I Sj c 3 1 1  T T Y  DISTRTRUTION NO. #
T UW OIST ~~I~~UTION t~O. #
LILPTH i ; ISTRIIIUTI IN ~tO • #
SEA STATE DISTRIRLJTION 0. #
( A V E R A G E  SEA S T A T F  #

TASK CA RGO DRA FT r~- A N E I J V  S E A  TOW
CODE C PC T Y S T A T E

CC OF MW LS TW

ON SCENE :
A SST 1/ Ii 11 1? ( i S SI S T
huRt) # ROANfl
MNAC # M O N I T O R  A C T I V I T I E S
RTRV 

~ 
RETRIEVE

wATT ii ii ~n i i
w EO D 11 ~ ORK FGUIPMF NT ~ f l k I FT

I! 1? 1! # WORK FcdJI PI’~ENT POS ITTO N

REO UCE D SPEED:
SOTU # SEARCH FOR 1~ISTRESSEUi IiN TT
SESC # SL OW E S C O R T
SPA T 11 II SLOW PATROL
SPED I/ // 11 1/ S E A R C H  FOR PEOPLE
TOWS II It II TOW S

C R U ISE S1’EE[:
FSCT II / Ii It It E S C O R T
Iflf~IT It It It It T P E N T T F Y
PA TL It It It It P A T R O l
ST G T It It S EAR C H FOR T A R G ET
TRPT **** It It It It T R A N S P U R T
THST It It It It It T R A N S I T

FLAI ~K SPFEh :
I~SPO It It I! It R E S P O N D

****  DFPr r ~I r ) LrJT IJPCN S C F N A R I O  ( E . g ., F O O T P R T N T  Ai ’~iF) W EI G HT OF C A R r . O )
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t ime required for this transit because , with reduced visibility, the cra ft will
not be able to steam at the maximum allowable by the craf t  speed—sea state
relationship, but at some slower speed for safety purposes.

Appendix C presents the equations and algorithms used to
calculate the times to complete all of the Master Tasks in this model with the
exception of certain search type tasks which are presented in Appendix D, The
Search Task Equation Development.

3.2.2 Fuel Consumed During Task Performance

Given the “time to complete” any task from the foregoing , and
the craf t ’s fuel consump t ion ra te , the fuel consumed is the product of the task
time and the craft ’s fuel consumption rate. It is important to note that the
craf t ’s fuel consumption rate is a function of the speed of the craft while it
is performing the par ticular task , and that the Craft Characteristics section of
the program provides these fuel consumption rates for the speeds used in this
model.

3.3 Overall Task Evaluation

The primary evaluation of craft performance of a task is the proba-
bility of success as this number indicates “how much” a given craft can be
expected to accomplish. Table 3—5 illustrates the computer—output format for
Master Task Probabilities of Success.

Inasmuch as the probability of success only considers completion or
non—completion of a task, the two quality indicators of task time and fuel
consumed are also necessary ingredients of task evaluation . These two quality
indicators more fully describe the successfully completed tasks and thus provide
the user of the model with a clearer insight into the overall expected task
performance.

The probability of success and the quality indicators used to evaluate
craft performance of a task, are highly dependent upon two items , firs t, the
user—inputed operational requirements , such as expected sea state , and second ,
the craft characteristics themselves . Any evaluation should precede with an
understanding of how different operational requirements , or different char—
acteristics would affect the model results.

In shor t, before specific recommendations based upon these outputs are
made, the user should expect , fully understand and be able to explain , the
numerical values calculated and outputted by this model.
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TABLE 3—5

TASK PROBABILITY OF SUCCESS OUTPUT PAGE FORMAT

T A S K  P R O B A B I L I T I E S  O F  S U C C E S S

CRAFT TYP E NAME• DISPLACEMENT t TONS
LENGTH -# FEET
DESIGN SPEED # KNOTS
FUEL FRACTION 4 RATIO

VISIBILITY DISTR IBUTION NO. It
TOW OISTRIB IJ TI ON NO. It
DEPTH DISTRIB UTION NO. It
SEA STATE OTS IRIBUTIO N NO. II
(AVERAGE SEA STATE= U

TASK TASK PROB . TASK
CODE OF SU CCESS

ON SCENE :
ASST ASSIST
BORD I BOARD
MNAC I MON ITOR ACTIVITIES
RTRV I RET R IEVE
WAI T I WAIT
w (QO I WORK EQUIPMENT ~ DRIFT
WEOP I WORK EQUIPMENT ~ POSITION

REDUCED SPEED:
SOW I * SEARCH FOR DISTRESSED UNIT
SESC I SLOW ESCORT
SPAT I SLOW P~ TR OL
SPED I * SEARCH FOR PEOPLE
TOWS I TOWS

CRUISE SPEED:
ESCT I ESCORT
TONI It IDENTIFY
PAIL I PATROL
SICT I * SEARCH FOR TARGET
TRPT ***** TRANSPORT
TRST I TRANSIT

FLANK SPEED:
RSPD I RESPOND

* THIS IS THE P.O.S. OF THE ABILITY TO SEARCH. CRAFT M S SUCCESS
IN FINDING THE OBJECT OF THE SEARCH IS DEPENDENT UPON
SCENARIO (E.G. . SEARCH AREA )

***** DEPENDENT UPON SCENARIO ((.6., FOOTPRINT AND WE IGHT OF CAR GO )
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4. 0 SORTI ES

This model , which uses flow chart scenarios to represent program or mission
activity, defines a sortie as any complete path of the flow chart. In a typical
flow chart scenario, there are a large number of possible paths, and hence a
large number of sorties. Each sortie then represents a different sequence of
activity in one scenario , and is a specific sequence of tasks.

The sortie is the next higher level of activity above a task, and can
physically be described as any typical SAR case, harbor oil spill patrol , or
daily fishing fleet identification and inspection operation . Generally speaking
a sortie implies a daily sequence of activities , starting and terminating from
the same location, however this does not necessarily have to be the case. Any

• complete sequence of tasks from a scenario is a sortie , even if it requires more
than twenty—four hours to complete.

4.1 Sortie Evaluation Procedure

As a logical extension of task evaluation , it might be expected that
the sortie evaluation procedure would consist of multiplying the probabilities
of success of all the sequenced tasks together to obtain a level of sortie
performance. Unfortunately this method will not provide a realistic value for a
sortie performance primarily because of the dependence or coupling between
similar parameters in different tasks.

For example , sea state usually affects more than one task in a sortie ,
and the same sea state affects successful completion of different tasks in the
sequence. Thus multiply ing the task probabil ities of success together to ob tain
a value for sortie performance would compound the effect of sea state in sortie
evaluation.

Similar coupling or dependence also exists between other parameters.
In addition , careful examination of typical sorties illustrates that the sortie
performance should be independent of the number of sequenced tasks ; otherwise ,
more meticulous scenario construction , i.e., more detailed represen tation of the
operation by the use of mor e ta sks , would decrease the sortie performance .

With these initial thoughts in mind , and recalling that task proba-
bilities of success are products of parameters which describe craft characteristics ,
workload and environmental conditions , a method of calculating a value for
sortie performance is to synthesize one using the product of parameters .

Since each task is described by a value for each parameter , and since
a sortie is a sequence of tasks, a sortie can be completely described by a
matrix of parameter values. To quantify the sortie performance from these
matrix entries, the minimum value of each major parameter is selected . The
minimum value is chosen because the minimum value of the parameter corresponds
to the maximum degradation e f f e c t  of the parameter on any task in the sortie .
It is assumed that  the e f fec t  of the parameter on the other tasks of the sort ie
is “included” in that minimum value.
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TABLE 4—1

CALCULATION OF SORTIE PROBABILITY OF SUCCESS

TASK
CC DF LS MN TW PRO B

OF
TASK SUCCESS

TASK 1 1.0 .99 
- - 

.95 1.0 
- 
1.0 0.94

TASK 2 1.0 .99 .95 0.9 1.0 0.85

- 
TASK 

• 
3 1.0 .99 .95 

• 
0.95 1.0 0.89

TASK 4 1.0 .99 .95 1.0 0.95 0.89

TASK 5 1.0 .99 .95 0.85 1.0 0.80

MINIMUM \ .5l
PARAMETER 1.0 .99 .95 .85 .95 \
VALUE .76 \~

The minimum values are multiplied together as shown in Table 4—1. The
value obtained is called a sortie probability of success.

As can be seen in Table 4—I, the product of the task parameter values
provides the task probability of success (horizontal multiplication). Selecting
the minimum value of each parameter from the matrix (vertically), and multi—
plying these values together provides a more realistic value for sortie per-
formance. In Table 4— 1, this value is 0.76 or 76 percent . Multiplying each
task probability of success together exceeds the “one time” influence of the
parameter on the sortie, resulting in an unrealistically low value for sortie
probability of success. In this example, such an improper procedure would cause
the sortie probability of success to be 0.51 or 51 percent.

4.2 Elimination of Unrealistic Sorties

Since sorties are the individual paths of a flow chart scenario, and
since most scenarios will make use of iterative or feedback loops, it is theo-
retically possible to have sorties which would take an unreasonable amount of
time to complete.
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To eliminate consideration of these improbable sorties in both sortie
evaluation and later in scenario evaluation , running totals of the time to
complete each task and the fuel consumed during the performance of each task are
tallied . If the time to complete a sortie exceeds a user inputed Maximum Sortie
Duration time , that particular sortie is eliminated from fur ther  consideration .
Likewise, if the fuel consumed during the course of completing a sortie exceeds
the fuel capacity of the craft under consideration , the same procedure is
followed and the sortie is not evaluated . Regarding this fuel consumption
procedure , the user can make use of an additional input in his scenario , a Range
Frac tion input , which is his limitation of the fraction of the total craft fuel
capaci ty that may be used in completing any sortie.

Thus , those sorties that exceed the endurance or range of the craft
are eliminated from the evaluation calculations and only realistic sor ties are
considered .

The Craft/Task Evaluation element of the model produces for each
completed sortie, a listing of the Functional Task Groups and individual tasks
of the sortie, together with the task times, task fuel consumption and task
probability of success values. In addition, this Sortie Output page lists the
sortie probability of success and frequency of occurrence values. A typ ical
Sortie Output page is shown in Table 4—2.

4.3 Sortie Summary

Two different numbers are associated with any given sortie : the
sortie frequei~cy of occurrence and the sortie probability of success. The
former is determined from the user ’s choices of the decision point probabilities
in the process of scenario construction , and illustrates how often one would
expect the particular sortie to occur in relation to the other sorties of the
scenario. The sortie probability of success is calculated according to the
procedures just previously discussed in Section 4.1, Sortie Evaluation Procedure.

If these two quantities , representative of occurrence and success, for
any given sortie are multiplied together, a number indicative of sortie success-
ful occurrence is obtained . This value, a weighted sortie probability of success
reflec ting both the expected sortie occurrence and the degree of craft success,
provides a single measure which one can use to gauge craft performance in one
sortie to craft performance in another sortie of the same scenario . Thus, this
number offers a better insight of total craft performance at the sortie level
than either of its two components along. It is also utilized in higher level
evaluations as discussed in Section 5.0, SCENARIO EVALUATIONS.

In addition to this weighted sortie probability of success, summaries
can also be made of the two quality indicators used in further evaluating craft
performance of tasks, i.e., time to complete and fuel consumed . For any given
sor tie, the time to complete the entire sequence of tasks is the sum of the
individual task times , and the total fuel consumed is the sum of the fuel con—
sumed while performing each task.

The sortie summary information above is outputted from the CREE Model
computer program as illustrated in Table 4—3.
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5.0 SCENARIO EVALUATION

Scenar ios are constructed by the user when he sequences functiona l task
groups , or modules representing various operational activities , together in a
tiow chart format. This flow chart or scenario represents a Coast Guard program
or m ission. The extent to which a scenario represents a portion of Program , a
comple te Progra m , or a mix of port ions of several Programs , is only dictated by
the user ’s choice of the various operational activities sequenced together.

Pr i3r to using the CREE Model , the user has some objective , goal or mission
that he wishes to accomplish , and feels that utilization of watercraft at least
represe’-tt s one way of performing the job. The scenario is the log ical representa-
tio n o: he operational activities conducted by a craft that he feels will

~iccomplish his  objective . The user may be interested in evaluating one or more
types of craft in a well—known , defined and accepted concept of operations or
deployment scheme , or he may be interested in evaluating one or more ‘ experi-
mental” concepts of operations with one specific vessel . No matter what avenue
he wishes to pursue , the evalua tion of the craf t performanc e in the scenar io
will provide a solution.

The process of evaluating performance within a scenario in the CREE Model
is based upon the previously developed task and sortie evaluations . This section
describes the various aspects of this scenario evaluation and culminates in the
presentation of the quantitative results in a format enabling the user to directly
relate performance to his objectives or goals.

5.1 Fraction of Scenario Completed

As described earlier, sorties are a sequence of tasks, or comp lete
paths of a flow chart scenario . Amy scenario therefore can be viewed as a set
of sor ties , all of which, each in their own way , contribute to the user ’s objec-
tives or goals.

- 
Recalling tha t each sor tie has a frequency of occurrence* associated

with it, plus recalling that some sorties are eliminated from evaluation due to
the time and fuel limitations of the craft , it is evident that the total frequency
of occurrence of all of the completed or remaining sorties represent the fraction
of the scenario that is completed by the craft.

The significance of this fraction lies in the fact that it is a simple
representation of the total amount of the job described by the scenario that can
be completed when cons trained only by time and fuel considerations . As such ,
when comparing two different craft , it indicates which craft has a greater
capacity for  work , or if considering one craft and two different scenarios ,
indicates which scenario or concept of operations represents the more optimum
emp loymen t of the given craft.

*Sorties involving searching use a modified search theory approach to deter-
mine success/failure probabilities. These probabilities are in effect frequencies

• of occurrence for finding or not find ing. See Appendix D for deta iled development.
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5.2 Average Sortie Probability of Success

Since a scenar io is, in one respect, a completed set of sorties , and
since craf t performance in each sor tie can be described b y a weighted probability
of success (see Section 4.3, Sortie Summary ), the indicator for evaluating

• performance in the whole scenario is the average of those weighted values of
sortie probability of success.

The average sortie probability of success is, as the name suggests , an
average of the expected performance in each sortie . Viewed from another aspcct ,
it can also be considered as the probability of successfully completing the
scenario , because it “describes the average sortie.”

The value of the average sor tie probabili ty of success is de termined
by adding together all of the probabilities of successful sortie comp letion ,.
These are , as described in Section 4.3, Sortie Summary, the products of sortie
occurrence and sortie success. Notationally, the average sortie probability of
success is def ined as:

Average Sor tie Probabili ty S Sortie~ (freq) * Sortie~ (pos)
of Success i=l

where: Sor tie~ (freq) is the
Frequence of Occurrence
in the ~th sortie

and Sor tie~ (pos) is theProbabil ity of Success of
the ~th sortie

The average sor tie probability of success , or the pr obab ility of
successfully completing the scenario (depending upon how one chooses to describe
this value) is indicative of the quantity of work that a craft can be expected
to perform in a scenario . This considers both the time and fuel limitations of
the craft , and the degradation in craft performance due to other limitations in
craft capability or environmental constraints of the operational requirements.
The time and fuel limitations of the craft are brought into the picture by the
consideration of only completed sorties ; and the degradation in craft performance
is repr esen ted by the incorporation of the sortie probability of success values
into the calculations.

In summary , the average sortie probability of success provides the
user with a single number indicative of how much a craft can be expected to
successf ully complete in the scenario he constructed .

Table 5—1 , Typical Scenario Overall Results , illustra tes the average
sortie probability of success and an average of the sortie times and fuel con—
sumptions.
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5.3 The Average Sortie

The foregoing section discussed a figure of merit indicative of how
much of a scenario a craft can be expected to complete , and stated that this
value could be considered as the “average sortie probability of success.” The
question that naturally arises at this point is, “what does this average sortie
lool like?”

Since all sor ties of the scenario are d i f fe ren t, the average sortie
must consist of a little of each completed sortie . This average sortie is not
an identifiable completed pa th of the scenario , but rather a single sortie that
has been crea ted by a mathematical reduction of the entire successfully completed
scenario.

The average successfully completed sortie contains every task that has
been successfully completed in the scenario . In addition , each task in this
average sortie has associated with it a fractional coefficient representing the
average number of times the task is successfully completed in the scenario .
Func tionally,  these coefficients for each task are expressed as follows :

Average number of time N

Coef TASK K = 
~~~~~~~~~~~~~~~~~ = Sor tie~ (freq) * (11 Task K)

~
scenario i=l

where . N is the total number of
sorties that have been
comple ted

Sor tie1 (freq) is the
frequency of occurrence
of the ~th sortie

• and (11 Task K)1 is the number
of times tha t Task K is
completed in the 1th sortie

Table 5—2 is a simplified example of calcula ting the coeff icients of
the average successfully completed sortie to provide one with a more intuitive
feel of this hypothetical sortie. The table shows, for  example , tha t on each day
(or each time the craft attempts a sortie) we can expect it to complete 200
Escorts. This means that once in every five attemp ted sor ties , the craft will
successf ully complete an Escort. Figure 5—1 , Typical Scenar io Overall Results ,
illustrates the CREE Model computer program output format for the average sortie
task composition.

5.4 Long—Term Operational Evaluation

The average successfully completed sor tie developed in the pre ceding
section not only enables the user to quickly exam ine the scope of successf ul
craft performance in his scenario , but it also provides a convenient mechanism
for  a simp le forecast of expected craft performance in long—term operations.
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TABLE 5—1

TYPICAL SCENARIO OVERALL RESULTS PAGE

************* SCENART O OVE RA l l RESULTS *************
SAR S C E N A RIO  1

OPEI~’aT1ON iaJ.. fi~~~~ I i T R F M F~~iT~~ ~~V I FfTEfl rPAET •
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VISIB ILITY. t~OOO • -- • •~~~~ ~~~~~fl~~SL&~L_SPFIfl 4fl KNflIS_ _
A V E N A (~E SEA S T A TE  4.0 FUFL F R A C TIO N  0.50

• - - PIftCUN I LF • SCLNttR I1L~ COM P l ~~T F fl  ~~~~~~~~~~~~ - -  - -

P R c r n A B I L I T Y  OF LUCCESSELULLY ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SPE cI F I C A T I u r ~s o F  T I-i F A VE RA I F S O R T I E :

TIP .IL TO C O M P L E T E  A V F R A I F SORTIE 7.7 HRS

FUEL C O N SUM ED  IN AV FR A I ,F  SORTIE 2068.6 GAL S

TAs K . LUMPOSIT 1011 -IN. AV ERL ( E SQR1IL~~~
_ _ __

~~~~
_

~~~
_
~~~~

__

TAS 1t - • TIMES ~~~TASK -~~~ - - - .- __ -_  —- - • --
CODE LIIMPLFTEO N A M E

ON SCFNL:
- - - _ _ _ _ _ _ _ _ _ _ _ _

GAS O .1 i  ( .FNFRAL ASSISTANCE
LSB ~~~~~~~~~~~~ - LAu.Nt1-t ~cyhl I MDAT_ _._ ___

O BA 11.36 ON B OARD ASSISTANCE
—- — aB.E 0.25 R E T R I E VE  R O AR O T N G  PARTY

RSR 0 .11  RETRI EVE SMAL L BOAT

R F D U C E P  S P E E D :
SDU . • . 1). ~~1 SEARCH EQR.. flLSIRLSSED ~UN11_
SES 0.04 ‘~(OW E SCORT
SPI — f l f t R  SI OW P A T R O l  —

TOW 0.22 TO~

CRUISE SPEED:
- • • -- PAT -- fl.fl6 •• ____

TPF 0.11 T R A N S P O R T  PEOPLE
T R A  11.16 — TRANSIT

• - - FLAAIK Sk~LFa - -  _ _ _ _ _ _ _  _ _ _

051-4 0.66
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TABLE 5—2

EXAMPLE CALCULATION OF COEFFICIENTS FOR AVERAGE SUCCESSFUL SORTIE

S O R T I E  1 2 3 4 5

Sor tie
Freq uency of Occurrence 30 25 20 15 10

Sor tie
Probability of Success .95 .80 1.0 .70 0.0

Sortie
Successful Occurrence .285 .200 .200 .105 .000

.

~

.....:

TASKS IN S O R T I E S
_ _ _ _ _ _ _

Transit 2 0 1 2 2

Interdict 0 1 1 0 0

Search 0 1 1 1 1

Identif y 36 12 0 12 24

Inspect 4 1 0 2 2

Escor t 0 1 0 0 0

(#Tasks) x (Sortie Avg Sortie

Successful Occurrence) 
______ ______ 

:~~U::U: : *f :ff~*~: Con tains

Transit .57 0 .200 .210 0 .980

In terdic t 0 .200 .200 0 0 .400

Search 0 .200 .200 .105 0 .505

Iden tif y 10.26 2.40 0 1.26 0 13.92

Inspect 1.140 .200 0 2.10 0 .305

Escort 0 .200 0 0 0 .200
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Recalling the earlier statement that any sortie can be considered to
be a daily activity, such as a typical SAR case or harbor pollution patrol , it
is evident that the average successfully comp leted sor tie can also be cons idered
as a single day ’s opera tion , in this case some hypothetical average day. If the
user is in teres ted in de termining how much work can be expected to be accomplished
in a given time frame, he can multiply each task coefficient of this average
sortie by the number of sorties desired or the number of days deployed . This
produces the actual number of t imes each task is successfully comp leted in the
long— term time period .

Since “average times ” to comple te the tasks and “average fuel consump—
tions” for each task are also available, the user is also provided with qual ity
indicator information along with the quantity forecast.

5.5 Important Tasks and Program Goals

Among the tasks used in constructing a scenario , some tasks contribute
more towards the accomplishment of the user ’s par ticular goals or objec tives
than other tasks. The number of successful completions of these more important
tasks in a given time frame provide an immediate measure of craft effectiveness
in achieving the operational objective.

In utilizing this model, the user should be able to specify which
tasks do contribute directly towards achieving those objectives , or conversely,
be able to specify how much effort is sufficient to achieve his objectives. In
ELT , for example , he should know how many identifications and inspections are
sufficient to satisfy the objective of gathering data . If so, the user can then
directly relate the output of the model, number of successful task completions ,
to his goals or objectives. In cases where the user cannot specify the number
of task completions which will satisfy an objective, he still can use the calcu-
lated values for the number of task completions as a relative indication of
craft success.

To provide flexibility for the various Programs, the user can selec t
those tasks he feels to be important in his program and highlight them in the
outputed evaluation for a specified number of days of operation . The model
calculates and tabulates the number of these successfully completed important
tasks. This is illustrated in Table 5—3 , Typical Scenario Evaluation page .
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TABLE 5—3

TYPICAL SCENARIO EVALUATION PAGE
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- 6.0 SUMMARY OF CRE E MODEL EVALUATION PROCEDURE

- Table 6—1 summarizes the entire evaluation procedure used in the CRE E
Model. It lists input information and evaluation criteria for the various

- levels of possible evaluations, beginning with craft characteristics, proce~ding
through tasks, sorties and scenarios, and ending up with Programs. In addition,

- 
this table shows which computer output pages correspond to which level of
evaluation and where typical or forma t samples can be located in this report.
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TABLE 6-1

SUMMARY OF CREE MODEL EVALUATION

LEVEL INPUT EVALUATION LOCATION
OF TO IN

EVALUATION EVALUATION C R I T E R I A  MODEL
________________ ________________ ________________ 

OUTPUT

Craft Type Craft
Craft Size Craft Characteristics

CRAFT Craft Speed Characteristics Output Page
Fuel Fraction 

______________ 

(Table 2—1)

Craft Parameter
Characteristics Parameters Output Page

and (Table 3—4)
Operational -

TASK Requirements Task Task POS
and Probabilities Output Page
Tasks of

Success (Table 3—5)

Task Probability Sortie
of Success Output Page
Task Time
Task Fuel (Table 4—2)

SORTIE Above
Sortie Probability Sortie

and of Success Output Page
Sortie Frequency (Table 4—2)

SCENARIO Scenario of Occurrence Sortie Summary
ortie Time & Fuel Page

(Table 4—3)

% Scenario
Completed Scenario

Probability of Overall
Successfully Results

onipleting Scenari Page
Average Sortie (Table 5—1)

Composition
and Average
Time & Fuel

Above
PROGRAM and Important Scenario

User Chosen Tasks Completed Evaluation
Tasks and in X Days Page

Time Frame of Operation (Table 5—3)

38 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~ -~--~~. — - ---~-———“- --~~~~ 
_

~~

‘ -

LENGTH
-vS-

DISPLACEMENT

0
0

SUBMERGED—FOIL HYD ROF OI LS
~~~~. - 

I
— SWORDF ISH 

i i
- TUCRNCA RI

0 ~~~— PGH—I
0 + - JET FOI L
C’J y - I I S $ l

* — P H M

0 
0 — N T 2 5 9~ i

0
S I I I I

- L _ _ _ _ L _ _ _ _ L _ _ ._ I__
c..J I I I y’ I I

I—... I I I # ~” I I
LU

LU~~IJ._ S I I I I I I
‘— 0tn• _ . . .L___ . . L. .  _ _ L _ _ _ _ L _ _ . . . . _ I

I I I I I
I— I * I I

0

=
0 I I I I

LU9 I ” I I I
. _ _ _ _ L  _ _ _ L _ _ _ _ L _ . _ _ L _ _ ._ I

— I I I I
I I I I I
I I I I I

0 I I I I I
d . L L _ L _ ~~~~~~L__.....

_ I
U, 

i i i
I I I I I
I I I I I

0 I I I I I9_ 1 4 —1 1
9L 00 100. 00 200. 00 300. 00 400. 00 500. 00

DISPLACEMENT (TONS )

FIGURE A—I

A—i



~ -~~~ ---—- -—--~ -- ~~~ - -- ---- - - --

LENGTH
—vS—

DISPLACEMENT
0
0

SURFACE-PIERCING HIO RO FOI LS 
C!) ‘

~~~

‘ I I I I
x — I I I I
• — RH$—1O 

I I I I
0 

~~~
- — RHS—200 I I I I

O ~ 
— RHS-140 L_ _ _ _ L _ _ _ _ L _ _ _ _ I

C’.I z — PT 2O $K 2
— FHE—400 i I I

0 I I I I
C 

I I I I
- L _ _ L..... _ L ~~~~~_ ... I

I I I~~” I I
I I I I

Lu

uJ~~ 
I

Li_ . . I I I I I
‘—‘0

U). _ _ _ L _ _ _ _ _ L_ _ _ . . . . . L_ ~~~~~_ I
-4 I I I I

I..... I I I I I
I I I I I

Lj_1~~~ 1 I I I I
—Joo~~~~~

_
~~~~ 

_ _ _ _ L _ L_ ~~~~~_ L _ _ _ I
— I I I I

I I I I I
I I I I I

0 Zo x I I I I I
d. _ L _ _ L _ _ _ L~~~~~~ _ L~~~_ _ _ I
I’) I I I I I

I I I I I
I I I I I

o I I I I I
C 

-l —
~00 100. 00 200. 00 300. 00 400. 00 500. 00

DISPLACEMENT (TONS )

FIGURE A—2

A-2 

—~~-— -—-- -~~~~~—-~~~~~~ - - —-- — -~~~~~~~~~~ —_ -  ~~---- - - —--— —--—-



~ -
~~~~ -~~ 

-
- 

----.—--.—-- _-- . -

LENGTH
-vS-

DI S P LACEMENT

A.I’R C-USH.FON V E.H.FCLES

—. vJlCuw. 
I I

o x~ 
-. V6.YRG~UR. I9 -. J~FF-R. I Low p,i~~’i-. J~FFrL

•.-. SRN-4. I I
• — VT—2. -A”
y — BHr7.

I ~
/

/‘ 

!

~~~~~~~~~~~~~~~~~~~~~~ ._ . .L_ ._ ._ ._ .L._ ._ .~~~~.

50b-00. 1O0~-00. 160 00. 200b-0O 250~-00.
DI ’SPL A CE~MEN T. (1-ONS).

FIGURE A—3
A- 3

_ _  - ——---
~~~~

-- --- - --------—~~~~



- - .- ---- ---- - -~----- - - -‘- - - --— -- --—-———-—-—

LENGTH
—vS—

DISPLACEMENT
0
0

d SURFACE EFFECT SHIPS
— I I I

• — 1~OT OESGN I I I
0 I I I I
9 I I I I
0tn. L _ _ _ L _ _ _ L_ . . . . _ .... I
— I I I I

I I I I
0 I I I I
0

Th. 00 50. 00 100. 00 150. 00 200. 00 250. 00
DISPLACEMENT (TONS)

FIGURE A—4

A-4 

—---— ----~~~~~~~~~~~~—.- --——-.. --~~~~~ --—-~~~~~---~~~~-~~~—---—-- - -



p. -‘ - - - - —V— --- 
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— . _ _ _ - - .- _ . _ .- . .~~. — - -o,_,.—_-—---- —-- —----- - -— -- - - — -- .—,—~~——,——.-——--—-- 

LENGTH
-vs-

DISPLACEMENT
D
0

d P L P N I N G  C R A F T  
Cr) PcEY I i I

o — NASTY 
I I

o I I i
D — T E N A C I T Y  I I

A — C WIBA T T A N T  ~~~
‘

L _ _ _ _ L _ _ _ _L _ _ _ _ I
(N 

I

I I
o I I

0. 00 100. 00 2 00. 00 300. 00 400. 00 500. 00
D ISPLACEMENT (TONS )

FIGURE A—S

A-S

-- ~~~~~~—-~~~~ —~~~~~~--- ~~~~~~~~~~ ~~--- - -~~~~ rn——-----~~~---~~--~~~-



_ _ 
~~~~~~~~~~~~~~~~~~~~ —- -‘ _ r - ~~~~~~

. ~~~~~~~~ ~~II~~~

LENGTH
-vs-

DISPLACEMENT

0
0

d CRIAMARANS AND HYBRIDS 
KEY t I I I

• — M IR CUSHION ~~~~~ I I I
o y — S E O  I I I I
0 • — WESTERNOEN 9~’ I I I I

z - WESTEfiN 0EN~~c L _ _ L _ . L ......._ ._ I
— I i / I I

I I , I I
o I V I Io /
• I / 1 I

- L ....._ / _ L _ _ _ _ L _ _ _ _ I

I— I 1 /  I I I
Lu
U-i0
u-0 I z I I I

. _
~~~~ _ L _ .  _ L _ ._ _ L _ _ ._ L _ _ _ . 1

0) I I I I I
1 I I I
I I I I I

UJ~~~ I I I I
L_ _ L_ _ L _ _ L_ _ _ I
I I I I I
I I I I I
I I I I I

0
o I I I I I
0’) 

I I I I I
I I I I I
I I I I I

° I I I I I0

93.oo 50. 00 100. 00 150. 00 200. 00 250. 00
DISPLACEMENT (TONS)

FIGURE A—b

A-6

- -- -~~~~~ - --,~ --_ - - - - ~~~~~~~~~~~~ —-~~~~~~~ - - - -~~~~ -~~ . ~~~~-- —



-- - --

~ 9 ’

- 

L E N G T H
— v S —

D ISPLACEMENT
0
0

d S N A T H  S H I P S
(T) -

KEY . 
I I I I

— s.SP. 
I I I I

o — OESIOIt P-IS I — I I
— DESJGI( P-IS I ~~~~~~ I I
-. 0E5I&N P.TS 

~~~~~~~~~~~~~(N 
I I I I

I I I
o /1 1 1 I
o /

/ I I I I 
/ _ L ._ _ L

1/ I I I I
I I I I

L U .

0
(.1—.. ’ . I I I I I 

L _ . _ _ . _ L _ _ _ _ L _ _ _ J
I I I I I

c;i .
I 

- 
I I

I I I I I

~~~~~ _ ._ .L~~~
_ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ . I

I I I I
I I I I

— I I I I I
0
o ! I I I I

_ ._ .L _ _ _ _ L _ . _ _ _ . L _ _ _ _ L _ . _ _~~ J
LI, 

I i I I I
I I I I I

— I I I I I
O I I I I I
0

00. 00 100. 00 200. 00 300. 00 400. 00 500. 00
DISPLACEMENT ( TONS )  * 10 ’

FIGURE 4—7

A- 7

_ _ _ _ _ _ _ _ _ _



LENGfH
-VS

D I S P L A C E M E N T

0
0

CONVENTIONAL
O ._  -- -- -. 

CD KEY I I I I
0 — N L ~~52 I I I I

~ 
0 n~~~55 I I I I

0 & — R N S I3 I I I I
0 • - WP0 82 L_ _ . . L _ _ . . _ L _ _ _ _ i
U, 1 — M P 8 95 I I I I

* — WHEC 
~~~~~~ I I I I I

— WMEC 270 I I I I I
O • — WNEC 37O . / 

L _ _ _ _ L _ _ / _ _ L _ _ _ _ I
I I I L I
I I I I I

I ILU0
U... . I I I I

o _ ~~~~~~. L _ _ _ _ L _ _ _ _ L  .~~~~~ L _ _ _ _ I
C!, I I I 1 I

I I I I • I I
I I I I I

LLJ 9 I I I I I
_Jo

0._ ~~~~~~
_ _ _  _ ..... _ L _ _ _ _ I

(‘4 I I I I
I I I I I

0 I I I I I
9 I I I I I
~ . . _ _ _ . . . . L_ _ _ _  .~~~~~_ L _ _ _ _ L _ _ _ _ l
— I I I I

I I I I I
I i I I I

o I I I I I

1 
~~ I I I I  ‘iiI ~i T VT I rrTj~~~r l i i i  i~ I~ ~~ 1 T )  I III ~ I I I I  lI1 ~

DISPLACEMENT (TONS )

FIGURE 4—8

A-8 

~~—~~~~~~— -.--



- - - ~~~

•-

~ 
_ _ _ _ _ _ _  

T _ _ _ _ _ _ _ _

T1~J PLL US EPUL PAX L~ A-D
--V 5— .

DFSPLA-C .EMENT

Ô
p

S U B M E - H G E D - F O J L HIDHO-FO-I LS 
(N KEY I i I

— 

I I I
ó A- — - SW~ROF1S~4 . I I I I

-_ TtIC . I I I I
0 ~~~~. gUPE~~~FA 4srA~~
(N 

I I I
I I I

I I I I
I I I I

~~ . _ _ _ ._~~
_
~~._ . .L 

I I
b I I I I I
0b  I I I I I

I I I I I

!. IIII~II,~ IJI.EIIiTIIII~

00 10 0~ 00 200. -00 300. 00 40 0. 00 500. 00
D- FS PLA C EMENT ( TONS )

FIGURE A—9

A-9 

- ~~~~ 
. - . 

~~~~~~~~~~



T O T A L  USEFUL P A Y L O A D
—VS-

DISPLACEMENT

0
0

SURFACE — PIERCING HYOROFOI’L S
U).... -
— KEY I I I I

* 
— RHS— I1D- I I I I

0 y — RHS—200 - i i I
0 z - T - N ~~~ I I I I

- PT3-350 L 
— .q~- - P’ T 5.O- I I I

• — FHE—400 I I I
I I I I
I I I I 

1 I I I I

o I I i I I
cC I I I I 

I
I I I I

U.,. I I I I I
LU I I I I~~-~ I(no -

I I I I
6 L.__ _ . L_ .~~~~~~L _ _ ~~~~~I

J LI’)

cC -

i— I I I I
D I I I I I

o I I I I I

(‘4 I I I I I
I .y I I I

Z I I I I
I I I I I

0
I I93. 00 50. 00 100 00 150. 00 200. 00 250. 00

DISPLACEMENT (TONS )

FIGURE A— lU

A—b



_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _-

TOTAL USEFUL PAYLOAD
-VS—

DISPLACEMENT

0
0

d AIR CUSHION VEHICLES (LOW P/L)

• 
— t45001 I I I I

0 
•— S R N — 4 I I I I

~ 
X~~~~~~~

7 I I I I
z - V IKING

I I I I
I I I I

(no  I I I I
1 I I I

I— co. - _ _ _ _ _ _ L_ _
~~~ .L___ .....L____ I

I I I I I
I I I I I
I I I I I
I I I I I_Jo . ._ _ _ _ L _ _ _ _ L 4 _ _ _ L _ _ _ _ L _ _ _ _ I

-J-.

I I I I I
L~.i i I I I I
(flO I I I I I

d
cr

93. 00 100. 00 200. 00 300. 00 400. 00 500. 00
DISPLA CEMENT (TONS )

FIGURE A— lI

A—ll

--- --- -— _ -_ - -.- ---- -- _ --_ - - .  -~~- -_ - -_ _ - - ~~~~~~~~~~~~~~ - _ - -  —.—------ ~~-- ~~_



-

TOTAL USEFUL PAYLOAD
—VS—

DISPLACEMENT

0
0

d AIR CUSHION VEHICLES (HIGH P/L)

a — JEFF R I I I I
0 X JEJF B I I I I
0

I I I I
I I I

(1)0 I I I I
z9 I I I I 

I I I I I
D I I I I I
cCo I I I I I
DO

(‘4. - L _ _ _ _ L _ _ _ _ I
—

~~~~~~ I I I I I
u. I I I I I

I I I I I
I ) I I I

d.

/ I I I I I
/ I I I I I

0 / I I I I I
9. 

I I I93. 00 100. 00 200. 00 300. 00 400. 00 500. 00
OISPLRCEMENT (TONS)

FIGURE A—l2

A-b 2

—- —— -—-- S— -. -- --- - --—— ~~~.- —— ---—- __m .s-. —~~~~~~~~~~~~~ —



F-.- ’ -- - —.-, .-,---—-—.--. •--
~
-- 

~~~~~~~~~~~~~~~~~~ 
—- • -

~~~~
-------

~
- — ______________

TOTAL USE FUL PAYLOAD
—VS—

DISPLACEMENT

0
0

d SURF A CE EFFECT SHIPS
.~~I.-  
(“.1 I I I I I

I I I I I
0 I I I 1 I
9 I I I I I

I I I I I
I I I I I

~~~o I I I I I
z9  I I I I IDo
‘—‘ -4 I I I I I

I I I I I
cC0 I I I I I

I I I I I

—Ic; I I I 1-

_ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ I
..._1— I I I I I

I I I I I
Li.i I I I I I(no I I I I I

I I I I I
I 

~

,
j J

~
�
~~~~~~~

I

1 1 1 1 1

9~• 00 50. 00 100. 00 150. 00 200. 00 250. 00
DISPL ACEMENT (TONS )

FIGURE A—I3

A—l3

~~~~—— _ - — —~~~~~~~~~~~~~~~~~ . - - —~~~~—--- —-~~------ —-- . ~~. ~~~~~~- -~~.- ---



- ‘-— - - -

T O T A L  USEFUL P A Y L O A D

DISPLACEMENT
0
0

d PLANING CRAFT 
(N 

I I I I I
I I I I I

0 I I I I I
I I I I I

_ _ _ L _ _ _ L _ L _ _ L _ _ _ I
(N 

I I I I I

z 0 
I I I I I

L L I
0. 00 100. 00 200. Q0 300. 00 400. 00 500. 00

D ISPLACEMENT ( T -ONS )
FIGURE A—I’4

A-l4

~

-

~

--

~

_ - -  ~~~~~— -~~~~~—-  -- -~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - -- ~~~ - ...- ------- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ ~PI~~~

TOTAL USEFUL PAYLOAD
—VS—

DISPLACEMENT

0
0
d C R I A M A R A N S  
C’J

x — NESTERWOEN 8c. 
I

• 
— WESTERIISEN ‘~ I I I I

0 I I I I
g. L L_ _ .~~~ L...__....I“4 I I I I

I I I I
(n O I I I Iz9 I I I IDo L_ _ _ . . . . . L_ _ _ _ L_ _ _ . . . . . I

I I I I I
I I I I I

cCo I I I I I
0

~J~~4

Li.._ I I I I I
U..J I I I I I(no

I I I I I

—~~~~~~ I I I I I

cC I I I I I

93.oo 100. 00 200. 00 300. 00 400. 00 500. 00
DISPLACEMENT (TONS)

FIGURE A—IS

A—15

_ _ _ _  ~~~~~~~~~~~~~~~~ 



-~ 
— — — ---- -.“. ~—-,-_.,_ ,- -- -— --‘.-- -.--w_--__- — — ,— — — —

_____ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TOTAL USEFUL PAYLOAD
.-v S-

DISPLACEMENT
0
0

S W A T H  S H I P S  
I I I I I
I I I I 1

0 I I I I I —

(9 I I I I I

cD ’ I I I 1/ I
I I I / I

o I I I /1o I
,

I I I / I I

I I I / I
I- /I I I I I

/I I / 1 1

-
~~~~~~ i i / I I I

I I I I
I 1 / I I I/

LU0 I /1 I I I

I / I I I I
i / I I I I

cC I
D0 I I I I I
I-u~~~~

_ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ 1
I I I I I
I I I I I
I I I I I

° I I I I I
9. -1- Icb 00 100. 00 200. 00 300. 00 400. OC 500. 00

DISPL ACEMENT (TONS ) *10 ’
FIGURE A— lb

A-i 6

- ~~
- - _

~~~ -- --~~ - - -~~~~~~~ _~~~~~~~~~~~~~ - -— --—~~~ --,--- -—-~~~~~~~~~~~~~~~~~~~~~~~ -~~ -_



_ _ _ _ _ _ _ __ _ _ _ _ _

TOTAL  USEFUL P A Y L O A D
— V 5-

D ISPLACEMENT
0
0

d H Y B R I D S  
(N I I I I 1

I I I I I
0 I I I I I

I I I I I

N 
I I I I I
I I I I I

(n O  I I I I I
I I I I I

~~~~~~~~~~~~~_ L _ L L L ~~~~~~~ _ I
I I I I I
I I I I I

t 1o I I I I I
I I I I I

I I I I I
LL.. I I I 1 1
LU I I I I

°0. 00 100. 00 200. 00 300. 00 400. 00 500. 00
D ISPLACEMENT ( TONS )

FIGURE A— 17

A- 17



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
-
~~~~~~~~~

-
~

--— —-
~~~ ~~~~ ==~~~~=—~~~~ ~~~—~~=-.=--

~~------------

TOTAL  USEFUL P A Y L O A D
- --‘5-

DI S P LACEN 1 ENT

C O N V E N T I O N A L  
I I I I

I I I ! I
I I I I I

I I I I

I I I
I I I I I

z -
D I I I I I

I I I 
/ 

I I
-~~~~_ L _ _ L _ ~~~~~L... L _ _ I

I I / 1  I I
_ _ L _ L / L _ _ _ _ k _ _ ._ I

III

— 
I 1 I l i i i  i i  I I I I Ii i  i t  I I I I i t  I I I I I I  Ij I I I I I  ITj

100 i 0 1 10 2 io 4
DISPLAC EMENT ( TONS )

FIGURE 4—18

A— 18

- -—-.— - - -_-— -— - --- - - .~ --
~~~ -- ~~~~~___ __~~~~ ---— - ---(



-- -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ---~~~ --- .-~ --~~~~

JNSTALLED HOHSEPO NEH
—VS-

DISPLACEMENT
0
0

SUBMERGEiJ — FOIL HIDRO-FOILS 
KEY I

• - FIlM i I I
0 x — JET FOIL- i I I
° z — SWeROF 1311 I I i

- TUC L . . . _ _ _ L _ _ _ . _ L _ _ . _ _ I
c~.J * — F ~R~ I I I

I I I I
o I I I I
9 BASESPEED 5O KTS ! I I 

J. ._ ._ _ . L _ _ _ _ I
I I /i I I
I I ~/

“ I I I 

/

7

I I I ! 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~

_ _ _ _

~~ :

93. 00 100. 00 200. 00 300. 00 400. 00 500. 00
DISPLA CEMENT (TONS )

FIGURE 4—19

A- 19 

A



r 

‘ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

INS1T A.LLE~ H~O-HSE-PO NE-H.

DFSPLACEMENT

a
0

SURF.RCE -. PIE-R C.ING• H.YDR~ FO~I’LS
0’) I I I

— - RHS-140 I I i
a g- -- RH&-160-- I I I
C z- — - RHS—200- I I i

L 
(‘4 I I I

I I I
a I I I
9 BASE SPEED=LIOKTS I i I

~~

I I I I
I I ! !
I I I I

cç° .

0 _ . ._ _.L.~~~~. 
I I I
I I i

1/

~4 

_

~
.

•_ •___ •_ •

i.93~.oo. 1001. 00’ 200.-CO 300b~00- 400 -00’ 5001.-GO-
DISPLACUIENT. (TONS ) .

FIGURE A—20

A- 20



INSTALLED HORSEPONEH —

-VS-

D I S P L A C E M E N T

0
0

d AIR CUSHION VEHICLES (LOW P/L) 
I I I I

— 811—7. 
I I I I

o I I I I
9 I I I I
0u, L _ _ _ _ L  I
— 

/1 I
I I /1  I

o i / I I
9 BASE SPEED=SO KTS I I / I

- L _ _ L/ _ _ L _ . _ I
I I I I
I A I I
I I / 1  I I

U-j o.Zo. .. _ . . .__ L ..~~~ _ _ L _  _ _ L _ . . _ L _ _ _ _ I
0~
LU I I I

I I Iccà
I I I I I

~~~~~~~~~~ . _ _ _ .L~~~~ _ L _ _ _ _ L _ _ ~~~~~L _ _ _ _ I
CD I I I I I

I I I I I

* I I I I
5 I I I I
d. _. __ __ _ .L~~~~~_ . L _ _ _ _ L _ _ _ _ L _ _ _ _ I

I I I I I
I I I I I
I I I I I

0 I I I I I
0

93.-co 50. 00 100. 00 150. 00 200. 00 250. 00
DISPLACEMENT (TONS) 

-

FIGURE A—21

A- 21



r ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--

~~~

- --- -

~~

- - -  - -

~~~~~

- --- - --

~~

-- --

~~

— - ----

~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

INSTALLED HOHSEPONEI9
-VS-

DISPLACEMENT

0
0

c3 AIR CUSHION V EHICLES (HIGH P/L)

+ — JEFF R I I I I
z — VIKING 

I I I I
9 — VOYRGE UR 

I I I I
L_ L _ _ L .~~~~~_ I

“4 I I I I
I I I I

o I I I I9 BASE SPEED=5OKTS I I ft I I 
L_ _

~~~~ L.~~,L_ L ...___ I
I I I / I I
I I 1/ I I

0 I I V I IccO

~~c’~i.~~ _ _ _ . _ L~~~~. . _ _ L_ _  _ L _ _ _ _ L _ _ _ I

Lu I I I I I
I I I I Icco I I I I

I I I I I
I I I I I
I I I I I

o I- I I I
6~~~~_ .. L _ L _ _ _ . L ~~~~ .~~~L_ .. . . .__ I

I I I I
I I I I I
I I I I I

o 1 I I I I
0

93. 00 40. 00 80. 00 120. 00 160.00 200. 00
DISPLACEMENT (TONS)

FIGURE 4—22

A—22

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~ 
- -~ --— - .—._~~~~~~ -~~~~~_ — - - iil ~~



INSTALLED HOI9SEPONEH
—vS—

DISPLACEMENT

0
0

SURFACE EFFECT SHIPS
U).... 

I I I I I
I I I I I

o I I I I I
9 I I I I I

I I I I
I I I ,/‘I I
I I I I I

BASE SPEED bOKTS I I ,‘ I I
~ o.

1 XI I I
I I 7 1  I I
I I .._“ I I I

cc°

I I I
Li..] I I I I I
Cf) I I I I

I I I I I

I I I I I
I I I I I

0 
I 1 I I I

0 1 1 I I I
u . _ _ _ _ L _ _ _ L _ _ _ L _ _ _ . . . L _ _ _ _ I
“4 I I I I I

I I I I 1
I I I I I

o I I I I I
9 -

~~ I -l

9,. 00 60. 00 120. 00 180. 00 240. 00 300. 00
DISPLACEMENT (TONS)

FIGURE A—23

A- 23

L ..  -- - -- - —~~~ 
-

~~~~~~~~—— ~~-
-

~~~~
- 

~~~~~~~
- ---

~~~~~~~~~~~~~~~~~ --~~~—— 



- ~,- -~~~~-— — — -~ - ,  -w-—--~--~~
.-.. 

~~~~~~~~~~~~~~~~~~~~~ 
.- .-- - ----._ 

~~-- .—-~ --~~--- _ - - .

F . — 
- -—.-—--- —: — 

~~~~~ 
—~

-f

• INSTALLED HOE 9SEPONEH
—VS .-

DISPLACEMEN T

0
0

PLANING CRAFT 
(N KEY I I I I

z — CP!C I I I I
o I I I I
9 I I I I

(“I I I I I
I I I I

° I I I I
D BASE SPEEDx=45KTS I I I I

~~ ~~~~
- -  L _ ~~~~~. L _ _ _ _ L _ _ _ _ I

I I I I I
I I I~ I I

° I I A I I

~~ c~~~~
_ _ _ _ L _ _ _ _L — _  L . _ _ _ L _ _ _ _ I

I I I I II I I I

Lu I I I I I
U’ I I I I I

I I I I

I I I I I
I Z I I I I
I I I I I

0o I I I I I
_ _ L _ _ _ L . . _ _ _ _ L _ _ _ _ I

I I I 1 I
I I I I I
I I I I I

o I I I I I
0

00. 00 50. 00 100. 00 150. 00 200. 00 250. 00
DISPLA CEMENT ( TONS )

FIGURE A—24

A—24

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~---.~~~~—._- -~~~ ------, ~—- -~ — -- - —--~~~ --- _ -- ~~~-



- - - ---~~— .—‘---~-—--.—————-.--- -- -,—----—- _—~- _ -.-.---- - -----.---—.- --‘•~-—- - -———.‘-•.- -—-----------——-— - — - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.—•---—-, ---.

INSTALLED HORSEPONEH
—VS—

DISPLACEMENT

0
0

CATAM A RANS
(N. ... 
— KEY 

I I I I
x — WE5TEBNM~E 

I I I I
• — NESTERNMOE 

I I I I
I I I I
L _ _ _ _ L _ _ ~~~~~L_ _ _ I
I I I I
I I I I

g BASE SPEED ’~30KTS I I I I 

I I I I I
* 

I I I I I
I I I I I
I I I I

_ _ _ _ I

93. 00 50. 00 100. 00 150. 00 200. 00 250. 00
DISPLACEMENT (TONS )

FIGURE A—25

A- 25

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A



INSTRLLED HO~ SEPON E1~-v S-

DISPLACEMENT

0
0

SW A TH S H I P S  
I I I I

• — DE SJGN PTS I I -“1 I
0 • — DESIGN PTS 

I ./‘ I0 • — DESIGN P~~ I I I I
o VL_ .. . . .__ i~’_ _ _ _ L _ _ _ _ 1

I /( I I
BASE SPEED = 20 KNOTS /

0 / I

o I V  I I I
~~ 
i... 

I /1 I I I
*

I I I I I
cc°
LU

~~~~~~~~~~~~~~~~~~~~~~
_ _  __ .._L .....___L__ _ L _ _ _ _ I

Lu I I I I I
0~ I I I I I
cro

I~~~~~~
__  _ L _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ I

I I I I I
I I I I I
I I I I I

o I I I I I
c~. ... _ _ L _ _ _ ..~ L_ _ _ L .~~~ _ _ L ~~~~~_ _ I
“4

. I I I I I
I I I I I
1 I I I I

o I I I I I
0

93.00 100. 00 200. 00 300. 00 40?. 00 500. 00
DISPLACEMENT (TONS) *10

FIGURE A—26

A- 26



- - ‘ T iT~~~~~~~ ’ -~~~~~~~~~~~~’ ~~-
-
~~~~~ ---

INSTALLED HOI9SEPONEH
—VS-

DISPLACEMENT

0
0

d HYB R IDS 
-4 KEY

X — 

I I I I
0 I I I I
9 I I I I

L _ _ _ L _ _ _ L _ _ _ .I
I I I I
I I I I

BASE SPEED=4O KTS I I I I
~., d... L _ _ _ _ L _ _ _ L . . ._ _ _ I

I I I I I

* I I I I I
I I I I I

1 /1 1

93. 00 50. 00 100. 00 150. 00 200. 00 250. 00
DISPLACEMENT (TONS)

FIGURE A—27

A-2 7

_ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r - . T 
-- - _  - -  -~ 

- - - - - - - - - - —

INS1A.LLED HOH-S E-PONE-R.
-Vs - .

D ISPLR-C .E~MENT

a
0

cS CONVEN T..FONAL
CD I I

I I ! I
a I I I I
(9 I

I” I
I I I

a i I I I I
(9 BASE SPEED=25KTS I I /1 I

~~

I I I / i
* 

I I 1 / I
I I 1/  I

cçC? I I /
L~J~~ . •

/ 1
LU(/
~o I 1/ I I

c r9  . .7

A I I I

“4 i / i  I
!/  I I

o 1/  I I I I
9 1/ I I

~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~/ 1  1

/ i I
/ I ! I

I I I I
C? -

A. I9i-oo. 1001.-0O- 200b-0O 300.-0O- 4001.-OD 5001.-00-
DFSPLACEME-N T. ~~~~

FIGURE A—28

A- 28 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SPECIFIC FUEL
CONSUMPTION
PER ENGINE

GA S TURBINE
I I I I I
I I I I I
I I I I I

o I I I I I
— 

I I I I I
I I I I I
I I I I I

o I I I I I

I I I I I

93. 00 40. 00 80. 00 120. 00 160. 00 200. 00
HORSEPOWER *102

FIGURE 4—29

A— 29

— - - - -~~ .- —--. - -~~-~~~~~ - .—- - _ - . ~~--- -~~--.--~~~— 



----- —~~~~~~~~~~-- -~~
-
~~

.-- -—-— 

SPECIFIC FUEL
CONSUMPTION
PER ENGINE

DIESEL
I I I I I
I I I I I
I I I I I

0 I I I I I

I I I I I
I I I I I
I I I I I

0 I I I I I

I I I Icc
I I I I I
I I I I I

CD
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(nO

cri
I I I I I
I I I I I
I I I I I

LL ..- L _ _ _ _ L _ _ _ _ L . _ _ _ L . _ _ _ I
I I I I I
I I I I I
I I I I I

o I I I I I
0 I I I I I

I I I I I
I I I I I

o I I I I I
0

93. 00 20. 00 40. 00 60. 00 80. 00 100. 00
HORSEPOWER *10 2

FIGURE 4—30

A— 30 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—--



SFC—CO RRECTI~~NFACT~11~

0

I I I I
\ I I I
\ i I I I I

c~~ \ I I 1 I I

r’4C~’
s- I I
-J I I I I
s-I

1 1 I I I

I DIESEL I I I I
._ L_ L L_ L.... .. 1

LL? I I I 1 I
cc

I I I I I
I I I I

I I I I I
C’) I I I I I

I I I I I
I I I I I

I -
~ 

-
~ 

I

3.00 p5.00 50.00 75.00 1C0.00 1~~5,00
ZINSTALLED P~W E~

FIGURE A—31

A- 31

-  - - --- -. - —— - ~~~~~~~~~~~~~ -~~~~~~~ - --— ----- - —— ~~  —— -~~~~~~rn~~~~~~~~~~



- _________________ ~~~~~~~ - - -~~— .—- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~

%HORSEPONEH UTILIZED
-V

%DESICTN OR BASE SPEED

0
0

SUBMERGED FOIL HYD ROFOIL 
I I I I I
I I I I I

o I I I I I
I I I I I

~~~. ~~~ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ J
I I I I /1
I I I I ,

/
‘ I

I I I I / I
I I I I / I

~~d _ _ _ _ L _ _ L _ _ _ _ L _ _ _ _ L _ / _ _ I
I I I ~“ I

I I I I
I— I I I I I

I I I I I
cr ci _ _ _ _ L _ . _ _ L _ _ - _  _ _ _ L _ _ . . _ I
LiJ CD

I I I I I
I I I I

LIJ O
(no I I I I I

I I I I I
I I I I

0
0 I I I I I
d~~~

_ _ _ _ L  _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ I
I I I I I

I I I I
I I I I I

0 I I I I I
0

‘b. 00 20. 00 40. 00 60. 00 80. 00 100. 00
ZOESIGN 09 BASE SPEED

FIGURE 4—32

A-- 32

~ 

A



‘ : : ‘ — T~ _~ _ 

ZHORSEPONE R UTILIZED
—VS—

7D DESJ G N OH BASE SPEED

0
0

SURFACE PIERCING HYDROFOIL
(N. .. 

I I I I I
I I I I I

0 I I I I I
C I I I I I

_ _ _ L _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ J
I I I I /1
I I I I /1
I I I I / I

D0 /
0 I I I / I

I I I I / I
-J

I I I I
I- I I I I I

I I I I I
c r _ _ _ L _ _ _ _ L_ _ ~~~~ _ _ _ L _ _ _ _ I
LiJ CD I I I I

I I I I I
I I I I

UJO
(n o I I I I I

I I I I I
I I I I I

0
0 I I I I I
c~~~~_ _ _ _ L  _ L _ . _ _ _ L _ _ _ _ L _ ~~~~~_ I
“4 I I I I I

I I I I

I I I I I
o I I I I I
9. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

93. 00 20. 00 40. 00 60. 00 80. 00 100. 00
X O E S I G N  OR BASE SPEEO

FIGURE 4—33

A- 33 

—-- -,-- - -~~~~ 
S - ---



X H O H S E P O N E H  U T I L I Z E D
-VS-

X D E S I G N  OH BASE S P E E D
0
0

d A IH CUSHION VEHICLES (LON P/L) 
I I I I I
I I I I I

0 I I I I I
9 I I I I I

~~
T L ,

~~~~~~~~~Th1
H

°
~~. 00 20. 00 40. 00 60. 00 80. 00 100. 00

/ . DES IGN OR BASE SPEED

FIGURE 4—34

A-34

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ZHOHSEPONER UTILIZED
—VS .-

ZDESIGN OR BASE SPEED

0
0

d AIR CUSHION VEHICLES (HIGH P/L)

93. 00 20. 00 40. 00 60. 00 80. 00 1 00. 00
Z O E S I G - N OR BASE SPEE D

FIGURE 4—35

A-3 5

~  

-- ~~~ . -~~~~~~~S~~~~~~ . , _ — -- 



- —- - -,- _- .— — -_ -‘—n._-_ — 
_
_----, - —-

~~
------- - ---- .- . - -  

~~~~~~~~~~~~~~ 
¶1

~W

XHOH SEPONER UTILIZED
—VS-

ZDESIGN OH BASE SPEED

0

0

d S U R F A C E  E F F E C T  S H I P
(N.

I I I I I
I I I I I

0 I I I I I
(9 I I I I I

I I I I /1
I I I I ,/ ‘ I
I I I I / 1

c~
0 /

LU0 I I I I / I

I I I I ~ I
-J
I..—. I I I I I
I— I I I I I

I I I I I
crd. _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _  _ _ _ _ I
LU~° I I I I

I I I I I
I I I I I

U-jO(no I I I I I

= I I I I I
I I I I I

0
0 I I I I I

(N I I I I I
I I I I I
I I i I I

o I I I I I
0

93. 00 20. 00 40. 00 60. 00 80. 00 100. 00
‘/ UOES IGN OR BASE SPEED

FIGURE 4—36

A- 36



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~

: -
~~~~~~

----- ----- - -
~~~~~~

-
~~~

X H O H S E P O N E H  U T I L I Z E D
-VS-

X D E S I G N  OH BASE S P E E D
0
0

d P L A N I N G  C R A F T
( N _ _ _

— 
I I I I I
I I I I I

o I I I I I
9 I I I I I
- . 

I I I I /1
I I I I / i
I I I I / I

D~~ I I I I / IuJ . /

I I I 1 /  I
-J
_ I I I

I I I I
I I I I

~~~d.~~~~~~
_ _ _ L _ _ _  _ L _ _ _ _ L_ ~~~~~~~ i

I I I I I
I I I I I
I / I I I Iuj cj /I / I I I I

I / I I I I
I / I I I I
I I I I I

0. 00 20. 00 40. 00 60. 00 80. 00 100. 00
ZDESI G N OR BASE SPEED

FIGURE 4—37

A- 37 

_ _ _ _ _



___________________________ - - - _ —~-- ---~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Z H O R S E P O N E H  U T I L I Z E D
— V S —

Z D E S I G N  OR BA SE SPEED

0
0

C R I A M A R A N S  
I I I I I
I I I I I

o I I I I I
(9 I I I I I

I I I I
I I I I .__— I
I I I
I I I ~-~~~ I ILU .

I I I I
-J I I I I I

I I I I I
I I I I

~~d _ _ _ L  _ L _ _ _ L _ _ ~~~~~L _ _ _ I
LiJ~~ I I I I I
D I I I I I

I I I I ILj~J0 I I I I I 
L _ _ _ L _ _ L _ ~~~~~ I

I I I I I
I I I I

0

o I I I I
d _ _
(N I I I I I

I I I I I
I I I I

o I I I I -  I
I -I

00 20. 00 40. 00 60. 00 80. 00 100. 00
/ .DESIGN OR BASE SPEE D

FIGURE 4—38

A-38

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~- - -



ZHORSEPONEH UTILIZED
— V S —

ZDESIGN 019 BASE SPEED

0
0

d SWATH SHIPS
( N. . .  

I I I I I
I I I I I

0 I I I I I
9 I I I I I

I I I I /1
I I I I / 1

D0 I I I I / I

I I I I ~ I
- •  I I I I I

I I I I I
I I I I

c c _ _ _ L _ _ _ L _ _ _ L _ _ _  L_ _ . I
I I I I Ix I I

D I I I I I
I I I I I

U-JO
(n O I I I I I
cc0. .. L _ _ _ _ L  _ _ L _ _ _ _ I

I I I I I
I I I I I

0
0 I I I I I
d . _ _ _ _ L _ _ ~~~~ 

_ _ _ L _ _ _ . L _ _ _ I
I I I I I
I I I I I

I I I I
0 I I I I I

I I I I I93. 00 20. 00 40. 00 60. 00 80. 00 100. 00
‘/.OESIGN OR BASE SPEED

FIGURE 4—39
A- 39 

--~~~~



F-- - -

~~~~ 

——---

~~~~~ 

—-- --- — -— -

~~~

-- - _ -—- ---- _ -— —--_--- -- -‘— -

~ 

-

~~

--- -

~ 

- - - - _----—- _,
~

__
__  -.--— —

‘/ .HOHSEPONER UTILIZED
-V S—

XDES IG N OH BASE SPEED

0
0

HYBRIDS 
I I I I I
I I I I I

O I I I I I(9 I I I I I
o. - _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ L _ _ _ _ J
— I I I I /i

I I I I / 1
I I I I / I

f~~~0 7

o I I I 1 /  I

~ d, _ _ L _ _ _ _ L _ _ L _ _ _ _
~~<~~~~~~~I

I I I I
-j I I I I I
I— I I I I I

I I I I I
cc d. . ._ _ _ _ L _ _ _ L _ _ _ _  

~~~~_ _ L _ _ ~~~~~IU-j~~0 I I I
o I I I I I

I I I I I
(n O I I I I
cr~~, _ . ._ L _ _ _ _ L . ._ _ L . .~~ ._L_ ..~~~_ I

= I I I I I
I I I I I

0o I I I I I
d. _ . _ L  _ _ L_ _ _ L~~~~~~~_ L_ ~~~~~_ I
“4 I I 1

I I I I I
I I I I I

0 I I I I I
0

‘b. 00 20. 00 40. 00 60. 00 80. 00 100. 00-
X O E S I G N  OR BASE SPEED

FIGURE 4—40
A-40

_ _



~~~~~~~~~~

YOHO HSEPOkE H UTILIZED
-V 5—

Z D E S I G N  OH BASE S P E E D
0
0

d CONV E N T I O N A L  CR A FT 
- 

I I I I I
I I I I I

0 I I I I I
(9 I I I I I

— I I I I /1
I I I I / 1
I I I I / 1
I I I I / I

LU /

I I I I / I
-J
_ I I I I
I—— I I I I I

I I I I I

UJ~° I I I I I

0. 00 20. 00 40. 00 60. 00 80. 00 100. 00
ZDES IG N OR BASE SPEED

FIGURE 4—41
A-4 1

-----

~

- - - -

~

- --- - - --

~

-.

~

-— --- ——-- -~~~~~ --.- —-~~~~ 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘--- - ---—----- -
- - - -- . -  - - - -

r

SPEED — SEA S T A T E
ENVELOPE

0
0
c~ SUBMERGED FOIL HYDROFOIL 

I I I I I
I I I I I

o I I I I I
9 I I I I I

~~~~~~~~~
(no I I I I

I I I I
Do I I I I

o . - _ _ ~~~~~L~~~~~~~~ L_ .-  L _ _ . _ I
I I I I
I I I I
I I I I

0
0 I I I I

9~ 00 2. 00 4. 00 6. 00 8. 00 10. 00
SEA S T A T E

FIGURE 4—42

A-4 2

_ ~~~~~ . ._ -



SPEED — SEA STATE
ENVELOPE

0
0

d SURFACE PIERCING HYDROFOIL
(N. ... 

I I I I I
I I I I I

0 I I I I I
9 I I I I I

_ _ _ L _ _ L _ _ _ L . _ _ L . _ _ _ I
I I I I I

N I I I I I

o Nt  I I I I
0 I I I I

_ _ _ _ L N~~~~~
_

~~ L _ _ _ I
I I I I I

Lu I I I IIii
I I I I I

(no I I I I - 

I

I I I I I

93. 00 2. 00 4. 00 6. 00 8. 00 10. 00
SEA S T A T E

FIGURE 4—43

A-4 3

L~~~~~~ .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -



-: —~~ - - -------—- — -  — —-—-—-- - - ---- _ —~-w,~~~-- --, -— -- -.- - ----- -—-.— 
~ —--- -----~ - — - - - : ‘

~~~~ 
— y - .

SPEED — SEA S T A T E
ENVELOPE

0
0

d AIR CUSHION VEHICLES 
I I I I I
I I I I I

o I I I I I
I I I I I

0

I I I I I
\ I 1 I I I

o I I I I I
ci .. _ \ _ _ _ L  . _  _ _ _ L _ _ _ _ L _ _ _ _ I

D I I I I
LU \ I I I I I

\(no \ 1 1
_ L

\ I I I I I
‘ I  I I I

Cr)
LU0 \I I I I I
Do I I I I

~~~~~~~~

I~~ 1 I I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I I I

‘ 0  0 O~~~~~~~ I Io I

0 I ~ -~~~~~I I I
ci _ _ _ L _~~~ ~~~~~~ tX j  L _ _ L _ _ _ _ !

\N\\\\
~‘b. 00 2. 00 4. 00 6. 00 8. 00 10. 00

SEA STATE

FIGURE 4—44

A-44 



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~T~~~ . 1: ’T

-
T— -

~

_--

S P E E D  - SEA S T A T E
E N V E L O P E

0
0

d S U R F A C E  E F F E C T  SHIP
(N

I I I I I
I I I I I

0 I I I I I
9 I I I I I
_ _  

_ _ L _ _ _ L_ _ L _ _ L _ _ _ I

I I I I I
I ~~~\ I  I I ILU 0 \

(
~~ c I ‘ ‘~ I I I I

c~ 
_ _ _ _ L _ _\_ \

~~
_ _ _ L _ _ _ _ L _ _ _ _ I

I \\ I”\ I I I

GT 150 TONS
~~~~~~~

_ _ _ L _ _ _ _ L  ~~_ _ L _ _ _ L _ _ _ _ I
( N j  I I I I I

LE I50~TONS
\

-_ _ _  _

0. 00 2. 00 4. 00 6. 00 8. 00 10. 00
SEA S T A T E

FIGURE A—45

A-4 5 



SPEED — SEA STATE
ENVELOPE

o
0

d PLANING CRAFT
- 

I
Z — C~ IC 

I I I I
I I I I
I I I I
L_ _ _ L _ _ ._ L _

~~~~ I
I I I I
I I I I

o ~~~~ 
I I I I

0 \ \  I I I I
_ _ _ L _ _ _ _ L _ _ _ _ I

D I \ \  I I I I
U~J I \ \  I I I I
LU
0(fl o I I I I I

L_
I I I I

-: I I I I I I(I,

I I I
I -~~ I I

93. 00 2. 00 4. 00 6. 00 8. 00 10. 00
SEA S T A T E

FIGURE 4—46

A-4 6

- - - - -

~

--------- -- -- — - -~~~~—-- 



SPEED — SEA STAT E
ENVELOPE

0
0

d CATAMA RANS
(‘4 ...

I I I I I
I I I I I

O I I I I I(9 I I I I I

I I I I I

~~ I I I I I

o I I I I
o I~~~ I I I I

D I I I I I
Lu I I I I
LU

I I I I I
(no I I I I I

d.~~~~~~
_ L _ _ _ _ L  _ . _ _ L _ _ L....__.... I

I I I I I
I I I I Ici,

UJ0 I I I I I
I I I I

I I I I
I I I I

0 0I I o 10 I Io — —o I I ~ I~~ I
“4 I I \ I  \ I I

I I \ I  \ I I
I I \ I  \ I I

0 I I \ I \ I I
(9. 4
b. 00 2. 00 4. 00 6. 00 8. 00 10. 00

SEA STATE

FIGURE 4—47

A-47

-

~

-

~

-- --

~ 

-------- - - _ - - - - - - - ---—- -~~~~~~~~~- -- --- ~~~~~~~~_ - - - - -_  - ~~ -- ---- ~~~ _ --~~~~~- -



~~~~~-- --~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _

-

~~~~~~~~~

SPEED - SEA STATE -
E N V E L O P E

0
0

d SNRTH SHIPS
C\L

I I I
I I I

0 I I I I I
I I I

0 - -
o. _ _ L _ _ _ _ L _ _ _ _ I

I I I I
I I I

I I I I
0 . - -
o I I

d~~~~~~
_ _ _ L _ _ _ _ L _ _  _ L _ _ _ _ L _ _ _ _ I

I I I I
1.1._I I I I I I
LU
0 

-

(flp I I I I I
c _ _ _ _ L _ _ _ _ L _ _ _ _  —

I I I

~~j .  I I I I
I I I I I

0. -00 2. -DO 4. 00 6 .00. 8.00. 1U~-0 O
SEA - ST .A TE .

FIGURE 4—48

A-48



___________________ - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---
~~—i :T r~

- -  -- -
~

SPE-ED -- SEA STATE -
EN V EL OPE-

o
C

HYBRIDS 
I I I I I
I I I I I
I I I I I
I I I I I

I I I I I
I I I I I

- \ \ I  I I I I
0 \ \ I I I I

I I I I
LU

K \ I I I I
I I I I

I I I I I
I I I I I

L4J I \ \ I  I I I
DC \ \
0 I \ \ I  I I I

_ . ._ ._ .L _ _\~~~~~
_ _ _ . _ L . _ _ _ L ._ _ _ i

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

@. 00 2. 00 4 . 00 6. 00 ~ . ~~~2

SEA S T A T E

FIGURE 4—49



AD AO5I 392 COA ST GUARD RESEARCH AND DEVELOPMENT CENTER GROTON CONN F/G 13/10
CUTTER RESOURCE EFFECTIVENESS EVALUATION MODEL. VOLIME II. THE —ETC(U)
.AJN 7? A PASSERA. 0 S PRERAU, C W PRITCHETT

,4CLASSIFIED CGR/DCfl6/7? USCG—O—86—77tin_ 
_ _

_ • _

_  

_ _Imp _ I
~~~~~~~~~~~~~~~~~~~

END

4
:

78 

p -



r ‘

_ _ _ _

SPEED - SE A STATE
ENVELOP E

0

CONVENTIONAL CRAFT
— I I I

I I I I I
o I I I I
9

I I I I I
N i i i

1 I I I I
o N
o I I I I I

_ _ . _ L _ _ _ _ L _ _ _ _ L _ _ _ _ I
I I I I I

Lii I I I I I
uJ I I I I

0 I I I
.

0~~- - - - -  - ~~~~~~--
c.~ cD I I I I I

I I IC,)
LU 0 I I I I I
09 I I I I I

-

I I
I I

I I I

9 I I I

93. 00 2. 00 4. 00 6. 00 8. 00 10. 00
SEA STATE

FIGURE A—SO

A-50



SPEED - SEA STATE
ENVELOPE

F
0o
d RESCUE BOAT j

- 
— I I I I

I I I I I
0 I I I I

— I I I I I

I ‘~~~I ’~ ‘~~~~I I I
v• 

~~~ 
•
~
-

~

0 
I 

~ 
I

0 I I I

9. 00 2. 00 4. 00 6. 00 8. 00 10. 00
SEA STATE

FIGURE A—5 1

A—51

-~~~ —, -- - ~~-—~~~~~~ — —~~~~~~~~~~~~~~~~~~~ -~-— -~~~~~~~ --~~~~~~- ~~~~~~~~~~~~~~~~~~~~~ -~--~ — - -
-

~~~~~~ ---~~~~~ 
- - -

~
-—



__________ — -

CI9FRFT MOTION
-vS-

NA V E HEIGHT

SUBMEBGEO FOI L IIY OBO FOIL
I I I I I

0 

TYP I ~ AL 100 TON CRAFT

C 

- - _ - L - - REDUCED ON SCENE 
- 

CRUISE/FLANK

I ~~ /1 1 7 1
I / 1  / 1  I / I
I / 1  / I I / I
I / I / I 1 /

~~~~• -  L _ L _ L _ _ L _ _ _ _ L 1 - . _ _ _ I
0 

I I i I I i i  I
I / I

• I ,, I~~ I I~ I
t . 1 /  1/ I VI-

Co

~ 
..~~~~ _ _ _ L  — —  L_ _ _ . . .L_ _ _  L _ _ _ _ I

0
I-

I I I I I
I I I Icco I I I I I

L _ _ _ L _ _ _ _  _ _ _ _ L _ _ _ _ I
0 I I I I I

I I I I
I I I I I

0 I I I I
- _ L_  _ _ L _ _ _ _ L _ _ _ _ L _ _ _

~~~I0 
I I I I I

I I I I
I I I I I

o I I I I I0
I — I — I

~b O O  LA 00 8 0 0  12.00 16.00 20.00
W AVE 1-IEIGHT (FEET)

FIGURE A—52

A— 5 2

— -— -. - - .--- .- - •  •- - 
~~~~€--— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a.- -~~~~~



-•

CI9RFT MOTION
-VS-

NAVE HEIGHT

SURFACE FIEBCING HYDROFOIL
— I I I I I

I I I I I
I TYPICAL 100 TON CRAF T I

O I I 1 I
9. _ . _ _ L _ c.~U!S!/FL

~
NK ....._I.O!~ Sc~ NE, _ 1

I EDUCED I I
• I I I I I

I I I I I
0 I I I I

L~~~~
_ L _ _ _ _ I

2: I I I I I
I I I I I

0—i I I I I I

Co
— L_ _ L~~~~~~~~I

I—
a 

I I I 1
I I I I I
I I I I I
I I I I I

—C I I I I I
I I I I I

I I I I
o I I I I I
C”.. - -  -0 

I I I I I
I I I I I
I I I I I 8

o I I I I Ia
c~~~00 ii!.oo a~oo i~ .oo ~o.oo

W AVE HEIGHT (FEET)

FIGURE A—53

I
-- -- —- ~~~~~

-- --- •-- ---.- ——.--- -•- —, ~~~~- • • -p ~~~~~~~~~~~ .- . •-



CI9RFT MO IION
-V S-

NAVE HETGH I

- 

R IA  C U S H I O N  V E H I C L E  
— I I I I I

I I I I I
I TYPICAL 100 ION CRAFT I I

a I I I I I9.
FLANK I 9EDUCED/ I I I

I l / /I l  I I I
I l / I  I / I I I

a I I I I I
_.... _ _ L _ _ ~~~~~L _ _ _ _ I

2: I I I I I
I I I I
I I I I I

I-

_ _ L_ _ _ _ L_ . . . . . ._ _ L_ _ _ _ I
0

I.— I I I I

I I I I I
I I I I Icc
I I I I I

F .• _~~~~~~~~~~~ 
_ _ _ L _ _ _ _ L . _ _ _ _ L _ _ _ _ I

a I I I I
I I I I V

I I I I
0 I I I I

a I I I I I
I I I I I
I I I I I
I I I I I

cb OO I~,00 8~.00 00 2h100
WAVE HEIGHT (FEET)

FIGURE A—S4

A—54

______________________ 
•



- - •  

_ _  
_ _ _ _ _ _ _ _ _  

_ _ _

CJRRFT MOTION
-VS-

NAVE HEIGH T

SURFACE EFFECT SHIP
— V I I I I

I I I I I
I TY PICAL IOO TOM CRAFT I I

a I ‘ I I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— I FLAN~

’ /1 REDUCED/i I I
I J J I  / / 1  I I
I I / I l / 1  I I

o I j / i  / / I I I
_ _ _ _ L _ _ L L L L - _ L.._ L.~~~~

_ .....L~~~~~
_ _ I

a 
I I l l / I I I I

2: I I  I /I ~~j I /  / I I I
I I l l’ ! I I I

I-
(0

~ ..~~~~.....
_ ....L_ L _ L_ L~~~~~~~~Ia I I I I I

U- I I I I
I I I I I
I I I I I

• ._ _ _ _ L _
a 

I I I I I
I I I I I
I I I I I

a I I I I I
. . _ _ _ _ L  _ _ _ L_ _ . . . . ._ L_ _ _ _ L .~~_ _ _ I

a I I I
I I I I I
I I I I I

a I I I Ia
‘b.oo ~.00 8.00 12.00 16.00 20.00

W AVE HEIGHT (FEET)
FIGURE A—S’

A— 5 5



____________________ • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

— - - -
~~
- --~~~~~~~~~~~~~~~~~~

CRA FT MOTION
—VS-

NAVE HEIGHT

PLANING CRA FT
I I I I I
I I I I I
I TYPICAL 100 TON CRAFT I I
I I I I I

CRUISE REDUCED ON SCENE L I
FLANK I I I I

cb OU ~L0U 8.00 12.00 16.00 20.00
WAVE t-IEIGtIT (FEET)

FIGURE A—%

A-56



- 

‘~~1 
•
.. ~~~~~~~~ _ •_: —

~~
——- - — - - - 

~~~~~~~~~~
- -  -. -

-_
.

CRA FT MOTION

— NAVE HEIGHT

• CATAMARA NS AND HYBRIDS
I I I I I

! I I I I I
• I TYPICAL 100 TON CRAFT I I

I I I I I
9 FLAN REDU~gD ON SCENE~~~~~~~~~~~~~~ 1

i CRUISE I I I I
I I I I I
I I I I I

a I I I I I
— _ L_  L_ _ _ I

a I I I I I
2:
D I I I I I

I I I I
I-

CD L — —  L _ _ _ _ L _ _ . L_ _ _ I
a

I I
l.a... I I I I
cc I I I I

I I I I I
— L ~~~~_ L _ L_ ~~~ .. _ L _ _ . _ _ I

a 
I I I I

I I I I
I I I I I

a I I I I I

0 I I I I I
I I I I I
I I I I I

a I I I I Ia

~b.oo 11.00 8.00 12.00 16.00 20.00
WAVE HEIGHT (FEET)

FIGURE A—~7

A—Si

- -4

- ----- • ~~~~~-~~~~~~~~ --—-—--—-—~~~ - -•-  - --—--- --- —-



:~~~~~ ~~~~~~~~~~~~~~~~~~~~

CHAF T MOTION

NAVE Hf IGH T

SWATH SHIP 
I

I ! I I
I I ! I I

o I I I I
9, ~~~_ _ _ . L . 

I I I I /
I ! • ! I /1
I I I I / 1

0 I I I I / 1
.• _ _ . L  .L 

0 I I I I I i
2:

I I I I I
I I I I I

E .~~~__ . . . ._ L .L_ _  •_ I
0

I—
I I I I

cc i i icc 

0 I I I I
I I I I
I ! I I I

o I 
. 

I I 
. •_ .L. ._ _ ._ L_ _ _ _ . I

0 I I I
I I I I I

ALL SP EEDS
o I I i I I
0 . . ‘

I I I I
93.00 4. 00. 8. 00. 12.~00 16b ’OO’ 20. 00

WAVE HE.I&HT. (FEET).
FIGURE A—58

A-58

I

- -—~~~~ ~~~~~~~~~~~~~ - ~~~~~~~~~ ~~~~~~~~~~~~~~~ - -- • - ~~~~~~~~~~~ •- - • ~~~~~~~
-
~~~~- ~~~~~~ -— ---- .•• •-~~~~~~—



—.-- •S..- — 
_____________ 

~~~~~~~~~~~~~~~~~~~~~~

CRA FT MOTION
-VS-

NAVE HEIGHT

CONVE NTIO NAL 
I I I I I
I I I I I
I TYPICAL l~ O TON CR4FT I I

° I I
9. - FLANK REDUCED ON SCENE — — L — — — — I 

I C~ UISE I /~ 
I I

I I / 1  I I
I I / I I I

O I I / I I I
— _ L _ L _ _ L _ _ _ _ L _ _ _ I

a 
I I / I I I2: /I I~~ I I I

I! I I I
I-

CO L —- L _ _ L _ _ _ L_ _ _ 1
0

I—
U- I I I I I

I I I Icc I I I I I
- —  L L _ L _ _ _ L _ _ _ _ I

I I I I I
I I I I

I I I I I
a I I I I I

-a 
I I I I I
I I I I I
I I I I I

a I I I I Ia

9 3 O O  ‘L.uO 8.00 12.00 16.00 20.00
WAVE HEIGHT (FEET)

FIGURE A—~9

A-5 9 

•~~~~~~~~~~ -.



_________________________ - 
~J ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
~~~~

-, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE A—i

VESSEL SPEED INFORMATION

SPEED ON—SCENE REDUCED CRUISE BASE SPEED

CRAFT Kno t s Kno ts Des ign Kno ts
TYPE Speed

TYPE 10
Submerged Foil 5 12 85% 50

HYDROFOIL

TYPE 11
Sur face  Pierc ing 5 12 90% 40

HYDROFOIL

TYPE 20
Low P/L 5 12 85% 50

ACV

TYPE 21
High P/L 5 12 85% 50

ACV

TYPE 30
SES 5 12 87.5% 60

TYPE 40
PLANING 5 12 87.5% 45

TYPE 50
PLANING CATAMARAN 5 12 87.5% 30

TYPE 60
SWATH 5 12 60% 20

TYPE 70
HYBRIDS 5 12 87.5% 40

TYPE 80
CONVENTIONAL 5 12 50% 25

Base Speed——Maximum cairn—water speed upon which craft characteristics
are based.

Design Speed——Maximum calm—water speed entered by user into the program
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TABLE A—2

VESSEL PROPULSION MODES

SPEED
ON-SCENE REDUCED CRUISE FLANK

TYPE 10
Submerged Foil DE GT CT CT

HYDROFOIL

TYPE 11
Surface Piercing DE DE DE DE

HYDROFOIL

TYPE 20
Low P/L CT CT CT CT

ACV

TYPE 21
High P/ L CT CT CT CT

ACV

TYPE 30
SES CT CT CT CT

TYPE 40
PLANING DE CT CT CT

TYPE 50
PLANING CATAMARAN DE DE DE

TYPE 60
SWATH GT GT CT CT

TYPE 70
HYBRIDS DE DE DE GT

TYPE 80
CONVENTIONAL DE DE DE DE

A-6 1
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TABLE A—3

VESSEL DESIGN INFORMATION

~~~~~~~~~~~~~~~~~~~~~

—:: 

DRAFT TO LENGTH TO DECK AREA SURVIVA—
LENGTH BEAM COEFFICIE~~T BIL1TY

CRAFT RATIO RATIO (da) CONSTANT
TYPE (D/ L)  (L/B )

TYPE 10
Submerged Fo il 0.20 4.0 0.25 3.0

HYDROFOIL

TYPE 11
Surface Piercing 0.15 4.5 0.25 3.0

HYDROFOIL

TYPE 20
Low P/L 0.01 2.0 0.50 2.0

ACV

TYPE 21
High P/L 0.01 2.0 0.50 2.0

ACV

TYPE 30
SES 0.05 3.0 0.75 3.0

TYPE 40
PLANING 0.06 5.5 0.25 3.0

TYPE 50
PLANING CATAMARAN 0.05 2.5 0.40 3.5

TYPE 60
SWATH 0.10 3.0 0.55 4.0

TYPE 70
HYBRIDS 0.06 3.0 0.30 3.0

TYPE 80
CONVENTIONAL 0.06 5.0 0.25 3.0

A-6 2 
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TABLE A—4

VESSEL DESIGN INFORMATION

ANGULAR TOWI NG
ITEM TURNING FACTOR

RATE F
CRAFT d e g / s e c

TYPE 10
Submerged Foil 8.0 10

HYDROFOIL

TYPE 11
Surface Piercing 3.0 10

HYDROFOIL

TYPE 20
Low P/L 2.0 2

ACV

TYPE 21
High P/L 2.0 2

ACV

TYPE 30
SES 1.5 10

TYPE 40
PLANING 4.0 10

TYPE 50
PLANING CATAMARAN 3.0 10

TYPE 60
SWATH 3.0 5

TYPE 70
HYBRIDS 3.0 10

TYPE 80
CONVENTIONAL 3.0 10

A-63
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SCHEMATIC DIAGRAM FOR CRAFT/TASK EVALUATIONS
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APPENDIX C

MASTER TASK* TIME COMPUTATIONS

This appendix explains the rationale and the computational methods used to
determine the time to perform a task. The time to perform a task varies with
the environment , the craft and the workload . All of these factors are con-
sidered in the computations that follow.

There are two general classifications of tasks, one type being when the craf t
is on scene in a given loca tion , and the other being when the craft is traveling
from point to point. The on—scene task times are generally a function of the
magni tude of the job , the craft maneuvering characteristics , and the craf t ’s
motion characteristics due to the environment. The traveling task times on the
other hand are primarily a function of the distance and craft speed in the
particular seaway . The following paragraphs detail the specific computations
for all master tasks.

1. Assist — The user assigns a time , T~ , to perform the activity (passing a
gasoline can , pump , etc.) in calm water . Craft motion causes an increase in
the time to perform this task according to the following relationship :

T T u * f(SK)

where : T is the calculated time to
perform the task

Tu is the user inputted base time

f(SK) is a time multiplier
function accounting for craf t
motion.

f ( SK)  is defined by the curve in Figure C—l as seen below :

2. Board — The user assigns a time, T~ , to board under ideal conditions (calm
water and excellent maneuverability). An increase in craft motion or poor
craft maneuverability both cause an increase in the time necessary to board
according to the following relationship :

T = T
~ * f ( S K )  * g (MN )

where : T is the calculated time to
perform the task

T~ is the user inpu tted base t ime

*Each Master Task models one or more slave tasks as shown in Table 3—1.
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and continued from the proceeding

f (SK)  is a time multiplier
function accounting for craft
motion (Figure C—i)

g(MN) is a time multiplier -

function accounting for craft
maneuverability; as defined by
the curve in Figure C—2 .

3. Monitor Activities — The time, Tu, that the user supplies for this task
represents the duration of the event to be monitored . The characteristics
of the CG craft have no effect upon this event (e.g., an offshore platform
leaking oil). Thus,

T = Tu

C—2 
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/ . fletrieve — The user—supplied time, T~ , 
is the time necessary to retrievc

in calm water using a craft  with excellent maneuverability . The time is
increased with craf t  motion and lesser maneuverability according to the
following relationship:

T Tu * F(SK) * G(NN )

where: T is the calculated t ime to
perform the task

Tu is the user inputted base time

f ( SK) is the time multiplier
function to account for craf t
motion (Figure C—i )

g( MN) is the time multiplier
function to account for craft
manueverability (Figure C—2) .

C— 3
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5. Wait — The user—supplied time , Tu , represents the time that the Coast Guard
craf t  must wait while an event takes place somewhere else .

T =

6. Work Equipment at Dr i f t  — The time, T~, that the user supplies to performthis task in calm water is degraded according to the following relationship :

T = Tu * f (SK)

where: T is the calculated time to
perform the task

T~ is- the user inputted base time

f(SK) is the time multiplier for
craft motion

7. Work Equipment at Position — The t ime , T~ , that the user supplies to perform
the task in calm water with a craf t  with excellent maneuverability is
degraded according to the fo llowing relationsh ip:

T = T~ * f (SK )  * g (MN)

where: T is t he calculated time to
per fo rm the task

T~ 
is the user inputted base time

f ( SK)  is the time multiplier
fu nction to account for craft
motion (Figure C—I )

g( MN) is the time multiplier
function to account for c raf t
maneuverability (Figure C— 2) .

8. Search Distressed Unit — See Appendix D.

9. Search for People — See Appendix D.

10. Slow Escort — The user supplies both the distance, Du, to escort and the
escor t speed , V~ , and the time is simply distance divided by speed as
follows :

T D u/Vu

11. Slow Patrol — The user supplies both the distance to patrol , D~ , and the
patrol speed , V~ . (I f the patrol intent is to cover an area , the user
must f i rs t  convert this area to a distance using a nominal track spacing.)

• Then , time is the distance divided by the speed as follows :

T = Du /Vu

C—4 
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12. Towing — The user supplies the distance Du , to tow . The tow speed , Vtow,
is computed in the program as discussed in Section 3.1.2 , Tow Parameter.
The time required to tow is the distance divided by the tow speed , or

T = Du /V tow

13. Escort — The user distance , Du , to escort is used in conjunction with the
craft  cruise average speed , Vc ,in a seaway . The average cruise speed , Vc,
is dependent upon the craft ’s speed—s ea state envelope and the user inputted
expected sea state distribution (detailed in Craft/Task Evaluation Schematic
Appendix B) .  The time to escort is then:

T = Du /V c

14. Identif y — The user supplies the inputs of distance, D~, between vessels,the number , N~ , of vessels_to identify and the t ime to Identify one vessel .
The average cruise speed , Vc, and the user inputted expected visibility are
used in conjun ction with the foregoing inputs_to determine the time to
Identify vessels. The average cruise speed , V~, is detailed in Appendix B.
The expected visibility is converted to a multiplicative time fun ction , -

~ 
-

h(VZ) where:

h(VZ) = P (Z)~ * f ( Z 1)

where: P(Z) is the probability of
visibility with:

P (Z) 1 = Good

P(Z) 2 = Fair
P(Z) 3 = Poor

and, f ( Z )  is a weighting factor for
poor visibility wi th :

f(Z i) = 1.0

- 
f ( Z 2) = 1.0
f ( Z 3) = 2.0

The time t o Ident i f y  is determined using the f ollowing relationship:

T = N~ * (Tu * h(VZ) + Du /Vo) - D~ /V~
where : T is the calculated time to

perform the task

Nu is the number of vessels to
be iden ti f ied

Tu is the user inputted base t ime
to id ent if y

C— 5 
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h(VZ) is the visibility
multiplicative factor

Du is the distance between
vessels to be ident i f i ed

~
1c is the average cruise speed

15. Patrol — The user supplied distance to patrol , D~ , is used with t he average
cruise speed , Vc, and the time determined by the following relationship:

T D u/Vc 
-
~~~

16. Sear ch Tar&et — See Appendix D.

17. Transit — The user—supplied distance, Du, to transit is utilized with the
average cruise speed , V0, and the time determined by the following relation-
ship:

T =

18. Transport — The user—supplied distance , D~ , to transport equipment is
used with the cruise average speed , V, and the time determined by the
fo llowing relationship:

T D u /Vc

19. Respond — The_user input distance , D5, to r espond is used with the average
f lank speed, Vf , and the time determined by the following relationship:

T D U/Vf
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APPENDIX D

SEARCH TASK EQUATION DEVELOPMENT

The search tasks or groups are different from the other tasks of the CREE model
in that they have three ports , one input and two outputs. The two outputs
represent possible success and failure paths . The frequencies , or
probabilities, of success or failure of any search depend upon the specific
values of the operational variables and hence are not known beforehand when
constructing the scenario. These frequencies are, therefore, computed for each
of the search tasks: Search Target, Search People, and Search Distressed Unit.
In addition , the times associated with successful and unsuccessful searches are
computed .

There are two types of three—port search tasks considered in the model, SAR
searches and Target searches. The variables affecting a SAR search are visual
sweep width, coverage factor, area of initial search, maximum number of searches,
maximum search time, and the speed of the searching craft. The variables affecting
a Target Search are the target ship ’s speed and uncertainty of location, plus the
radar sweep width, the maximum allowable time for the search and the speed of the
searching vessel. The computational procedure to determine the frequency of success
and failure and the associated search times are developed in the following paragraphs.

1. SAR Searches — These two search tasks, Search for People, and Search for
Distressed Unit, incorporate the standard Coast Guard doctrine described
in CG—308 SAR Manual. It is assumed that the search pattern which best
fits the situation, such as creeping line or expanding square , will be
chosen by the operator on the scene and, therefore, not app licable in this
model. The curves in the SAR Manual relate the probability of detection to
the coverage factor and the number of searches. The procedures used in
the CREE Model for SAR Searches are just those necessary to adapt the
physical description of the operation to this established Coast Guard
doctrine .

The determination of the probability of detection (POD) from the SAR search
curves is simply a matter of reading the POD for a particular number of
searches of the area for a given coverage factor. The POD curves are
shown in Figure D—l. Subsequent searches expand the search area according
to the schedule shown in Table D—l.

TABLE D—l

SCHEDULE OF EXPANDING SEARCH AREAS

SEARCH N UMBER n I 2 3 4 I s

Multiple of the - • n(n) 1.00 2.11 3.31 4.37 5.16
Initial Search Area

D—l 
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Figure D-l. POD DETECTION VERSUS COVERAGE
FACTOR CURVES ((CG-308) SAR MAN UAL )

Each search takes longer than the previous one since a greater area must
be swept with the same coverage factor. The time , Tn, to perform the nth
search is:

— 
CF~’:A(n)Tn — 

SW*V

where: CF E Coverage Factor
A(n) Area of nth search

V E Average speed of search craft
SW E Visual sweep width

D-2 
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CF*A (n)The term is equivalent to the dis tance that the search craf t

must travel on the nth search . It is desirable to rewrite the search area
A(n) in terms of the initial search area A(l). The resulting expression
is then in terms of all of the initial descriptions of the search problem
and the mul tiplying fac tor as specif ied by SAR doctrine.

T = 
CF.A(1) a~ 

-

n

The actual time spent on a SAR search is dependent upon its outcome . If
the distressed unit is not found , the time to perform the search is simp ly
the sum of the times to perform each individual sweep, i.e.,

Nmax Nmax
— 

— CF A(1)T
~0t find 

— Tn — sw.v c~(n)
n l  n=l

The time spent in a successful search is the expectation value of T, as
follows:

Nmax n

— 

[P~.(T1,C) — 1~r (n~~ ,c) } [( T~ ) —

Tfjfld = 
Nmax

[P~~(n ,c) Pr ( n l ,c)]

where : Pr (n ,c) is the cumulative
probab ility of f inding the craf t
on the nth search wi th a coverage
factor of c. This value is read
f r om the POD curves of Figure D—1.

This procedure assumes tha t it is equally probable to find a craf t in any
Increment of a given search , and implies that if the distressed unit is
fo und on the ~i t f l  search, on the average it is found in half of the time
necessary to complete the whole search . This is the origin of Tn/2 term
in the above expression.

2. Target Searches — A Target Search is a search for a vessel that is attempting
to steam away from a given point. The subject vessel does not want to be
detected , unlike the distressed unit which wants to be found . The incident
is assutred to be reported to the Coast Guard in the CREE Model scenario , and
the CG vessel transits or interdicts to the scene . The ensuing search pro—
ceeds until the vessel is detected or the search is terminated by the
maximum time limit inputted by the user.

D-3
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The conditions of the search are described by the following variables:

SW: the searching vessel ’s radar sweep wid th

V: the speed of the searching vessel

t :  time

e: the initial uncer tain ty in target pos ition

the target vessel’s speed

Tb : the time it takes for the searching vessel to arrive
at the ini tial posi tion to star t the search

Tmax : The user inputted maximum time for the search

At the instan t tha t the Coas t Guard receives the call to investiga te , the
subject vessel may be anywhere in an area

When the Coast Guard vessel arrives on the scene , the subject  vessel may
be anywhere in the newly expanded area,

#~~( ( f+ VtTb) 2

At this point the time for  the Search for  target task beg ins . At any later
time, t , the target vessel , may be anywhere in the area

~
‘
~\‘ [f+ Vt (Tb + t ) ]2

In the CREE Model the search is limited by a user imposed time , Tmax .

The quantities that describe the results of the search are the probability of
detection , which results in the frequency , or pr obab ility ,  of f ind ing and no t
finding , and the length of time associated with finding and not finding .

The probability of finding a target during the Interval , i~t , at any time t is
defined as:

= 
Area searched during interval At

Pfind(t~
t ,t) - Area remaining to be searched

which can be expressed as:

sw * V * At
Pfind (At ,t) = 

i rk + V t (Tb + t ) ] 2  — sw * v * t
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The probab ility of no t f inding is the probab ility of f ind ing sub trac ted
from one, or:

‘~not find 
= — Pfind

The probability of not finding the target in the interval At as At ranges
from zero to Tmax is simply the prod uct of not f inding during each in terval
At , or:

t T max t Tmax

~not finding 
= iT’ 

~not find (At ,t)
t=O t=O

The probability of finding the target in the interval from t=O to t Tmax
is then :

t T max t=Tmax

“find = 1 — fl’ [1 — Pf in d(A t,t)]

t=O t=O

The times associated with finding and not finding the target are :

T t find = T

t=Tmax

(t — 
~~

)P find(At,t)

• Tfind = E(t) =
max

Pf i n d (A t ,t)

Two cases of target searches are possible, one for a fas t searching vessel
which theore tically could always find the target depending on the value of
Tmax, and the other for a slow vessel which may or may not find the target.
These two cases are illustra ted in Figure D—2.

In the case of the fas t, or high speed search , the targe t vessel is found
when the areas for the searching craft and target craft are equal. This
will occur , as seen in Figure D—2 , at time T1. In the CREE Model this
search would be terminated with 100 percent success at time T1, provided
Tmax is grea ter than T1; if not , the search is termina ted at Tmax wi th a
probab ili ty of success equal to the ra tio of the searched area to the
area of the target .
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Figure D—2 AREA—TIME CURVE FOR
T A R G E T  S E A R C H E S

In the case of the slow speed search where the area searched never equals
the target area , the search is terminated at Tmax with the appropria te
probability of success. Clearly there is some optimum time for this slow
speed search, i.e., when the ratio of the searched area to the target area
is a maximum. This is indicated by Topt in Figure D—2 and can be expressed
as:

1 S W * V
Topt = 

~ 2-u 
— 

~~ + VtTb)J

For this slow speed case , the CREE Model terminates the search at the user
inputted Tmax .
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APPENDIX E

GLOSSARY AND LIST OF ABBREVIATIONS USED IN CREE MODEL REPORT

ACV — Air Cushion Vehicle

ANB — Aid to Navigation Boat

AVERAGE SORTIE — A sortie, consisting of parts of every task occurring in the
scenar io , obtained by weigh ing each sor tie in the scenar io by its proba—
bility of success and frequency of occurrence.

CALCOMP — California Computer (Graph Plotting Program)

CC — Coast Guard

CHAR — Craft Characteristics Computer Program

CREE MODEL — Cutter Resource Effectiveness Evaluation Model

DE — Diesel Eng ine

Dñ~CISION POINT PROBABILITIES — The probabilities chosen by the user at a branch
point in the scenario

ELT — Enforcement of Laws and Treaties

FLOW CHART SCENARIO - A model of Coast Guard Program (scenario) in a flow chart
forma t (like a wiring diagram)

FORCE MIX — The CREE Model does not address force mix analysis

FREQUENCY OF OCCURRENCE — The probability of occurrence (frequency is used to
imply how often)

FUEL FRACTION — The fraction of useful load that is carried as fuel on board

FUNCTIONAL TASK GROUP — A group of tasks in a mini—flow chart (or module) that
together model a particular activity (or function)

FF — Fuel Fraction

G—OP — Operations Planning & Staff in Coast Guard Headquarters

CT — Gas Turbine

HPWC - High Performance Water Craft

IOCS — Input Output Computer Services (Incorporated)

LNG — Liquefied Natural Gas
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MASTER TASK — A single task which models a class of similar actions by the
Coast Gua rd vessel

MEP — Marine Environmental Protection

MLB — Motor Life Boat

MRB — Motor Rescue Boat

MSA — Marine Science Activities

OPERATIONAL ACTIVITIES — Missions or functions performed by CG personnel and
units. The broad partitioning of activities when analyzing CC programs.

OPERATIONAL REQUIREMENTS — Those items that are necessary to fully describe
the opera tional cho ices , environment and area of operation . Examples are
decision point probabilities , sea state and distances to steam.

PARAN — Parameter section of the CREE Model Computer Program

PARAMETER — A multiply ing factor (indicative of an effect such as sea state
upon a task) which degrades the probability of success of that task.

PERCENT OF SCENARIO COMPLETED — The percent of all of the sorties in the
scenario that the craft may complete without either running out of fuel
or exceeding the time limit (sortie duration) for a sortie .

POD — Probability of Detection

PROBABILITY OF SUCCESS — The ratio of the number of times an event is performed
successfully to the number of times it is attempted .

PROBABILITY OF SUCCESSFULLY COMPLETING SCENARIO — The average probability of
success of every sortie in the scenario. (A way to visualize this “average
probabil ity of success” is to consider the case where every sortie has an
individual probability of success of either 1.0 or 0.0. The fraction of
the sorties in the scenario with 1.0 would represent the probability of
successfully completing the scenario.)

PROBABILITY OF SUCCESSFUL OCCURRENCE (OF A SORTIE) — The product of the sortie
frequency of occurrence and the sortie probability of success.

PROPOS — Program (CC) Probability of Success element of the CREE Model Computer
Program.

PSS — Port Safety & Security

PWB — Port & Waterways Boat

P/L — Pressure to length ratio; used in describing Air Cushion Vehicles
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RANGE FRACTION — The fract ion of the craf t ’s fuel capacity (which equates to
range) that may be expended in an operation. The remainder is the fuel
reserve which may not be expended in the scenario.

R&DC — Resear ch and Development Center

SAR — Sear ch and Rescue

SEA STATE DISTRIBUTION — The probability distribution of sea states in a given
reg ion over the extended time of operation .

SCENARIO — A sequencing or flow of events of an operation

SES — Sur face E f f ect Ship

SORTIE — A sequence of tasks performed by a craft with a logical beginning and
end ; for example , a SAR case starting from the p ier , continuing th rough
the operation, and finally terminating at the pier.

SORTIE DURATION — The maximum allowable time for any sortie in a given scenario.

SS — Sea State

SWATH — Small Waterp lane Area Twin Hull

SYSTEM — Not mentioned in the CREE Model reports

TASK — The lowest level of discrete activity such as a transit or tow in a
Coast Guard Program.

TOWING DISTRIBUTION — The distribution of craft, according to length or dis—
placement , to be towed in the region of operation.

TPOS — Task Probability of Success section of the CREE Model Computer Program .

TSC — Transportation Systems Center

UTB — Utility Boat

VI SIBILITY DISTRIBUTION - The distribution of visibility in the region of
operation.

WHEC — High Endurance Cutter

WMEC — Medium Endurance Cutter

• WPB — Pat rol Boat

A — Displacemen t
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