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CHAPTER I M
EXECUTIVE SUMMARY ..

INTRODUCTION

This executive summary highlights the results of a two year joint study by
the U.S. Navy and the U.S. Coast Guard. The purpose of this study was to ad-
dress the feasibility of using modern Lighter-Than-Air (LTA) vehicles in U.S.
Coast Guard maritime patrol operations. The Maritime Patrol Airship Study
(MPAS) was conceived as a first-order systems application study. It is intended
that the results serve as data inputs to on-going Navy and Coast Guard LTA
programs'. The principal elements of the study were as-follows:

1. Mission Requirements and Rationale

2. Mission Analysis an'4 Effectiveness

3. Vehicle Sizing and Parametrics

4. Estimated Life Cycle Costs (LCC) rA- Logistics

5. Vehicle Case Studies

BACKGROUND

Historically airships are categorized by three different approaches to the
hull structure: rigid, semi-rigid, and non-rigid. This study concentrates on
non-rigid airship designs since their performance abilities match the Coast
Guard mission requirements.

The potential of airships for coastal patrol operations is based upon
demonstrated capabilities. The following features typified airship operations
by the U.S. Navy throughout World War IIe, 3, 4 and the Cold War years5 fol-
lowing:

- Long Endurance
- Comfortable Crew Accommodations
- Stable, Low Vibration Sensor Platform
- Low Installed Power Requirements
- High Degree of Survivability
- High Fuel Efficiency
- High Availability
- Broad Weather Envelope

With the recent advent of the Coast Guard's 200 mile coastal patrol zone
these same features appear highly desirable. Recent cechnology studies 6 - 3 2

and professional meetings 3 3 3 - indicate that state-of-the-art materials, struc-
tures, propulsion and flight controls make modern airships viable for long
endurance -u•lti-mission applications.

1-1
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The reneweed develoejent of modern airships has been hampered by the per-
ception of some that airships ars large and unwieldy:, vulnerable to both damage
and the environment. Much of this opinion is based upon misconception. The
facts are:

1. Airships do not burst like balloons when puLctured. Holes of many
square meters are. necessary to rapidly bring down an airship. Vital components
are widely spa.ed.

2. Under normal operating conditions airships do not need hangars at each
airship base. lnitýal erection and major overhaul rquire hangar facilities but
at the operational bases airships caa be maintained outdoors at fixed or mobile
mooring masts.

3. Modern ground handling equipment minimizeb the size of the ground crew.
With a hover capable airship the ground handling operations should be performed
by a crew of less than ten13, 27.

4. A modern airship should be no more vulnerable to adverse weather than
modern aircraft. Historical operations have shown that airships can maintain
station in extremely severe weather.

STUDY ASSUMPTIONS

Based on the past performance of airships and the infusion of modern tech-
nology for propulsion, structures, materials, and flight controls, the attri-
butes ol airships assumed for MPAS are:

- Hover Capable
- 90 knot max speed
- Vertical Takeoff or Landing
- Able to Tow (sensors and vessels)
- Broad weather envelope
- Low power requirements

The lifting gas presumed for all vehicles is 95 percent pure helium3 9 .
In the interest of expediency, the avionics and sensor suites for the conceptual
designs were not optimized for airship use but were assumed to be the same as
those designed for the Coast Guard's HU-25 jet aircraft intended for medium
range search operations.

SCOPE

The emphasis of this study has been on the determination of the suitability
of LTA platforms in performance of current Coast Guard operations. Considera-
tion has been given only to operations as they are currently being performed in
a manner consistent with the utilization of the Coast Guard's available air and
sea assets. No consideration was given to missions that required handoff of
operations from one airship to another or to another platform type. Nor was
consideration made of operations requiring refueling or remanning of the air-
ship; both of which are fearLble and consistent with past airship operations.

1-2,
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If a mission was expected to exceed the canabilities of a single airship, it was
not evaluited as part of this analysis.

APPROACH

Because of the broad scope of this study, a general approach was required.
Potential missions were identifled under the existing Coast Guard program struc-
ture. These missions were then subdivided into a set of mission segments or of
tasks. These tasks were generic in nature and realistic missions were composed
by selecting the required mix of tasks. This approach provides a broad but
systematic method for evaluating airships for Coast Guard miscions. The em-
phasis is not on detailed task analysis but rather on the multi-mission effec-
tiveness. The most important aspects of the approach are the determination of
the total airship force lvel requirement and the missions that airships can
perform.

ANALYSIS

To approach this effort, a review of existing Coast Guard operations was
undertaken. The Coast Guard's operations are organized into thirteen pro-
grams 4 0' 32. Of these, with the assistance of Coast Guard operational person-
nel, the following eight were identified for possible airship participation:

1. Short-Range Aids to Navigation (A/N)

2. EWforcement of Laws and Treaties (ELT)

3. Marine Environmental Protection (MEP)

4. Military Operation/Preppredness (MO/MP)

5. Marine Science Activities (MSA)

6. Port Safety and Security (PSS)

7. Search and Rescue (SAR)

8. Ice Operations (10)

After review of these programs, the important features of airship utiliza-
tion can be summarized for each of these programs as follows:

A/N Program

Airships could be utilized for:

1. Discrepancy Reporting

- After severe weather, survey for lost, disabled, and displaced buoys

1-3
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2. Buoy Placement

- Through precise navigational techniques, mark placement of buoys

3. Logistics Support

ELT Program

Airships can be used for:

1. Drug Enfforcement

2. Fisheries Enforcement

Airships can provide:

1. Combined Characteristics of Ships and Aircraft

- Higher speed than ships

- Not affected by sea state and corrosive environment

- High sweep rate due to speed and altitude

- Long endurance

- Slow speed and hover capability

- Ability to board

2. Presence

3. "Hot Pursuit" Capability

MEP Program

Airship participation in ME? operations can include:

1. Surveillance

- Including sea water sampling

2. Logistics Supply

- Delivery skimers and large pumps

- Not limited by sea state

1-4
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3. Command, Control, and Communications Platform for Large Clean-Up
Operations

- Provide illumination for night time operations

MO/MP Program

Potential mission areas for airship participation in MO/MP operations are:

- Patrol

- Anti-submarine Warfare (ASW) sonar and sonobuoy surveillance/attack

- Ocean Industry Protection (OIP) surveillance/inspection

- Convoy Escort

- Logistics and aupply

- Inshore, undersea warfare

NOTE: While the MO/MP Program does not have dedicated assets, operations would
typify past airship military roles.

MSA Program

There is potential for airship utilization in the following MSA operations:

1. International Ice Patrol (lIP)

- Has high endurance and payload capability

- Less constrained by poor visibility and ceiling than HC-130

2. Airborne Radiation Thermometry (ART)

- Has high endurance and payload capability

- Instrumentation can be isolated from heat and vibration sources

- Safe low altitude (500 feet or less) platform

3. NOAA Data Buoy Office Support (NDBO)

- Investigation of disabled buoys

- Search for drifting buoys

4. Miscellaneous

- Ferrying cargo and personnel

I
1-5
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- Aerial photography

- Environment survey

PSS Preg-ram

For the PSS program the following missions have been identified for airship
utilization:

1. Escort of vessels carrying hazardous cargoes

- Station keeping in vicinity of vessel

- Large area surveillance

- Direct communication

- Quick response

2. Port traffic control

- Mini-Vessel Traffic Services (VTS)

- Simultaneous observation, command, control, and communications
platform

- Quick respoise

3. Provide fire fighting equipment

- Logistics support

- Command and control

SAR Program

Airship utilization has been considered for long range rescue operations
ten miles or greater from the shore. Airships could be particularly useful for
such operations because airships:

1. Have high sweep rates

2. Provide evacuation capability

3. Can deliver large payloads

4. Can be used fur boarding vessels

5. Can tow vessels in distress

6. Possess long endurance ability

1-6
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10 Program

The airship has great potential for Aerial Ice Reconnaissance (AIR) opera-
tions of the 10 program since this platform:

1. Would have sufficient range to survey most areas

2. Will utilize Side Looking Airborne Radar (SLAR)

3. Should be capable of carrying the Radar Image Processor (RIP)

Mission Analysis

For each of the eight programs, realistic missions were identified. Each
mission was keyed to an actual Coast Guard operation, in most cases involving
more than one asset (for example helicopter and cutter). These missions for all
eight programs total 264 mixed-task missions. In order that conceptual vehicles
could Le formulated it was necessary to provide detailed representative profiles
for each program. These representations or script scenarios represented a
median level of difficulty and complexity for each program. These scenarit•s
specified each of the uperations in sequence, the parameters associated wit,- the
operations (speed, weight, payload, etc.) and the duration of the operation. A
summary of these scenarios is given in Table I-I. The maximum required capa-
bility for each of the parameters is underlined.

Vehicle Sizing and Parameters

Based on the mission requirements specified by the script scenarios, a
computer sizing and performance program was utilized to arrive at conceptuAl
vehicles. The program, Naval Airship Program for Sizing and Performance (NAP-
SAP)4 1 , is a tool developed by the LTA Project Office at NAVAIRDEVCEN for use
in analyzing model LTA vehicles performing various missions.

The program has been designed to operate on a minimum of input data (only
five cards are necessary), but has the capability to evaluate the influence of
over 40 key parameters. NAPSAP provides easy parametric analysis for several
optional levels of detail. Once the design section of NAPSAP converges on a
vehicle which meets the input requirements, this vehicle can then be evaluated
against a specified mission profile with all key parameters monitored at pre-
selected time intervals.

The data input for NAPSAP was determine4 primarily by the eight, pre-
determined mission profiles. Variables such as design speed, design altitude,
payload, endurance, and crew size are examples. Other design variables used for
MPAS are based on other recent Navy parametric analyses of mode-n LTA vehi-
cles1 3 , 27. Variables in this category include buoyancy ratio at take-off, !-.iL
fineness ratio (length over diameter), number ;.nd type of engines, and propeller
characteristics.

1-7
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NAPSAP was exercised to arrive at eight conceptual vehicles (one for each
of the different profiles). These vehicles are described in Table I-II. Note
that factors such as payload, design speed, and endurance requirements result in
a wide variety of vehicle sizes for different requirements.

To continue MPAS, the eight conceptual vehicles were examined to select one
vehicle capable of performing all profiles. It was decided, in the interest of
minimizing vehicle size (cost), that the vehicle sized for the MEP profile was
able to perform all profiles (the MSA profile was flown at a lower altitude).
This conceptual vehicle was designated the ZP-X and was used to complete MPAS in
terms of cost-effectiveness considerations. ZP-X characteristics are shown in
Table l-III.

Additional analyses'were conducted on the ZP-X to explore the effects of
parameter variation. Parameters addressed were design dasit speed, design
altitude, structural weight, and total drag coefficient. An example of the
resulting sensitivity data is presented for design dash speed variation in Table
I-IV.

Estimated Life Cycle Cost (LCC) and Logistics

The cost estimat s contained in this study are based upon projections of
historical data, and upon comparison of cost of construction and operation of
modern heavier-than-air craft. All of the data used are based upon the extra-
polation of cost data generated in other recent studies42, 43, 7, 15. Two
costing approaches were used: Life Cycle Cost (LCC) and Standard Rate Cost.
LCC, the total lifetime build-up approach, is emphasized. Standard rate costs,
or costs calculated on an hourly basis for the time personnel or an asset is
utilized, were also calculated. Both approaches were based on current Coast
Guard procedures.

Based upon an initial estimate of the total Coast Guard mission require-
ments, a potential annual utilization of airships was projected to be 100,000 to
125,000 hours per year. It was assumed that each airship flies 2,400 hours per
year resulting in a requirement of from 42 "o 52 airships. A geographic distri-
bution of airships similar to the MRS basing was assumed, resulting in nine
airship bases. If each base has 5 airships, a total of 45 airships for opera-
tions would be required. An additional 5 airships would be purchased for
training, research and development and backup, making a total buy of 50 air-
ships.

This study, being a first order study, has not evaluated the real estate
requirements of the airship operations and the analysis of the availability of
the real estate at the MRS bases. Hangar facilities would not be provided at
each base. Hangars will exist at depot maintenance facilities. Routine main-
tenance would be provided at the mast.

Based upon the current Coast Guard requirement that restricts aircrews to
800 hours flying time a year, it will be assumed that three crews are required
per airship, and that an airship will be utilized for 2,400 flight hours per

1-9
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TABLE I-111
NAVAIRDEVCEN ZP-X DESIGN

VOLUME: 783,696 Cubic Feet

GROSS WEIGHT: 54,554 Pounds

EPTY WEIGHT': 2/,674 Pounds

HORSEPOWER REQUIRED: 1,927 (Three Gas Turbine Engines)

LENGTH" 305 Feet

DIAMETER: 69 Feet

STATIC LIFT: 46,917 Pounds

DYNAMIC LIFT: 7,638 Pounds

FINENESS RATIO: 4.4

USEFUL LOAD: 26,880 Pounds

BUOYANCY RATIO: .86

I
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year. This is equivalent to a 27 percent mission utilization. The airship is
assumed to have a 12 year lifetime. Crew size varies from 5 to 13 depending
upon mission duration.

The determination of initial LCC procurement or acquisition cost was based
upon the following four approaches:

1. Costing based on speed and volume of the airship, using regression
analysis of historical airships. An 80 percent learning curve was used4 3 .

2. Costing based on analysis of a modern non-rigid Navy design (ZPG-X)
cost as calculated on a weight basis. An 80 percent learning curve was used1 5 .

3. Costing based upon systems weights. Learning curve a function of
system44 .

4. Cost estimates of Goodyear Aerospace Corporation for a Maritime Patrol
airship. An 85 percent learning curve was assumed4 5 .

These approaches to the unit acquisition cost have produced four different
estimates which range from $3.9 to $8.45 million. Based on an analysis of the
four approaches, it was detcrmined that a unit cost for 50 airships is reason-
ably $5.0 million per airship. In addition, facilities cost for both bases and
maintenance facilities including GSE is about $900,000 prorated for each air-
ship. The initial training cost is projected to be $500,00015. Therefore, the
total investment cost is approximately $6.4 million per airship.

Of all of the costs calculated, the single largest cost of operatirLg the
airship is the personnel cost. Depending on crew size (which is a function of
flight duration) and composition, and assuming an 800 hour annual flight hour
limit, the persornel cost varies from $235.38 to $567.88 per flight hour.

The maintenance of an airship is an area in which improvements in tech-
nology will have significant impact. With the increased reliability of systems
and the advent of sophisticated electronic test equipment, there can be little
comparison between the historical airship maintenance requirements and the
maintenance requirements of a modern airship. The additional LCC component for
direct maintenance has been assumed to be $23.20 per flight hour,

Based upon these costs, the LCC prorated on a flight hour basis runs from
$750/FH to $1,150/FH. The difference in the rate depends on the type of mission
in which the airship is employed. For long endurance missiuns, costs increase
because of high crew costs. High speed operations or missions requiring lift of
heavy payloads consume fuel at a higher rate and are, therefore, more expensive.

An alternative approach to calculating the cost of performing a Coast Guard
mission is thrc¢igh the use of the Standard Rate Calculation. In this approach
che costs are calculated on an hourly basis for the time personnel or an asset
is utilized. Using the standard rate method, the airship's cost may vary from
$446.01 to $654.28 per flight hour. This compares to the rates of $912.20 for
an HH-3F, $614.90 for a HU-16E, $893.91 for a HC-130H, and $448.30 for a WKEC-
210.

1-13
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Vehicle Case Studies

It was deemed desirable to have some means of comparing the in-house
vehicle analysis with independent thinking. Goodyear Aerospace4 6 and Bell
Aerospace4 7 were provided identical mission profile data to that used for in-
houce analysis from which to size vehicles. Results could then be overlaid with
the NAVAIRDEVCEN ZP-X to examine similarities (or lack thereof). The resulting
designs were found to be in good agreement. Table I-V provides a side-by-side
comparison of the three conceptual vehicle designs. Figures I-1 and 1-2 present
the Goodyear and Bell vehicles.

The NAVAIRDEVCEN ZF and Goodyear ZP3G employ a three-engine configuration
with aircraft propellers while the Bell platform uses a four-engine approach
with tilt-rotors. All are designed to provide precision hover helicopter-style
via the use of vectored propulsive thrust. Bell chose to avoid the traditional
operational practice of recovering ballast (usually sea water) to trim the
vehicle by utilizing large amounts of reversible thrust on the four tilt-rotors.
Since in this design less of the total lift was static buoyancy, power required
was increased.

It should be noted agair that these vehicles were designed to USCG missions
of no more than 35.5 hours of endurance. As demonstrated in past operations,
airships are capable of much greater endurance.

.tiveness Results

As previously stated, discussions with cognizant Coast Guard personnel
Llted in a total of 264 mission profiles being identified for potential
3hip utilization. On the basis of the computer "analysis, the ZP-X airship is
able of performing 211 of these profiles. Of the 53 profiles beyond the
jability of the airship, 43 are associated with the Military Operations/
Litary Preparedness Program. Because of the contingency nature of the MO/MP
ogram, the specification of these profiles was not baaed upon existing opera-
ons but, rather, preliminary estimates of the airship capability.

For the remaining 211 profiles there is an expected requirement of 12,860
orties. This translates into a potential for using airships 183,000 hours a
mear. Again assuming 2,400 flight hours per year for an airship, there is a
potential requirement for over 75 airships. Of this requirement 47 percent of
the flight hours are associated with operations of the ELT program. Thirty
percent of the flight hours are associated with SAR operations. None of the
other programs account for more than 10 percent of the flight hour requirements.
MO/MP does not have any flight hour requirements due to its special nature.

To determine the significance of endurance for the airship role in Coast
Guard operations, the annual flight hours requirements, grouped by ten hour
intervals of mission endurance, were calculated. The flight hour requirement
remains at a fairly constant level for missions of up to 50 hours. The require-
ment varies from 27,000 hours for missions of 20 to 30 hours, up to 39,000
hours for missions of 40 to 50 hours. The average flight duration is 14.3
hours.

1-14
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TABLE I-V
MPAS CONCEPTUAL VEHICLES COMPARISON

GAC ZP3G BAT MPA NADC ZP-X

Envelope Volume (ft 3 ) 875,000 858,437 783,696

Length (ft) 324 326 305

Diameter (ft) 73.4 72.4 69.3

Static Lift (lb) @ 2,000 Ft. 52,164 44,658 44,243

Dynamic Lift (Ibs) 8,500 17,917 7,638

Horsepower Required 2,400 4,306 1,927

Gruss Weight (lbs) 60,664 65,274 54,554

Empty Weight (ibs) 33,740 33,019 27,674

Useful Load (Ibs) 22,504 32,256 26,880

Buoyancy Ratio .86 .73 .86

Maximum Altitude (ft) 10,000 10,000 10,000

Maximum Speed (kt) 97 104 90

I8 1-1
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Recall that in the initial cost analysis, a buy of 50 airships was assumed.
With 5 of these airchips for training and research and development, there were
45 operational airships. If totally utilized the 2,400 flight hours per year,
the airships would be utilized 108,000 hours. This availability is sufficient
only to satisfy all requirements up to missions of between 30 to 40 hours.

Analysis of the requirement of mission duration for each of the eight
programs shows two distinct groupings. In the A/N, PSS, and SAR programs,
shorter missions (less than 20 hours) tend to predominate. In the ELT, MEP,
MSA, and I0 programs the longer mirsions tend to predominate. The longer
missions also tend to predominate for MO/MP operations as well. This implies
that there may be a requirement for the design of two distinct airships, a
smaller one of about 15 hour endurance and a larger one of about 40 hour endur-
ance. The smaller airship can be designed for more economical operation, where-
as the larger airship (probably of similar design as the ZP-X) would have
greater capability.

The potential utility of an airship for Coast Guard missions comes from its
ability to perform a number of operations well. It is not so much that the
airship excels at any one task, but given an aggregation of tasks, typical of
Coast Guard missions, it should provide superior capabilities. Because of the
higher speed, aircraft will generally be better search platforms than ships.
Its stability and long endurance loiter speed make the airship ideal for de-
tailed search or search for small objects. For boarding operations and long
eiLdurance requirements, ships are better. But for the large number of opera-
tions that mix these tasks, aiLrships offer great potential with low energy
costs.

Analysis of the task requirements for a maritime patrol airship indicates:

1. Over 90 percent of all of the operations analyzed utilize transit or
patrol at 50-60 kts.

2. Station keeping/trail at less than 20 knots is utilized in over 60
percent of the missions.

3. Only A/N and PSS operations do not require a search capability (accor-
ding to USCG program personnel). All of the ELT, SAR, and 10 missions require
search.

4. Hover capability for either boarding or logistics operations is only
required in 33 percent ,of the missions. Most of the missions requiring hover
are for either the SAR or ELT. gowever, all of the A/N operations include tasks
requiring hover.

Summary Cost Results

For missions of less than ten hours, the hourly cost is approximately
$750/hour. For missions between 10 and 20 hours, the cost is approximately
$875/hour and for missions of greater than 20 hours, the approximate cost is
$1,085/hour.

1-18
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The cost of a mission will vary with the length of the mission. For all of
the missions analyzed, the cost extremes are $1,127 for a 1 and 1/2 hour MO/Mr
logistics support mission to $117,659 for a 110 hour MO/Mr towed array search
mission. The coat of delivering ADAPTS equipment to an MEP cleanup operation
ten miles off-shore is $2,823. The cost of doing a SAR operation can be as
little as $1, 501 for an operation 25 miles from the airbase to $1.3,440 for an
operation 500 mile. off-shore.

Putting the Results in Context

A brief comparative analysis was performed. Both the fuel efficiency and
cost of performing selected missions were analyzed. The most frequently occur-
ring proposed airship minsions were chosen for this analysis. These were four
ELT and nine SMR missions. The airship standard rate cost and fuel requirements
for these missions were compared to those of the following Coast Guard plat-
forms:

-HC-130B

-HH-5F

-MEC--210

-HEC-378

-HU-25A (MRS)

The cutters are always more expensive to operate than the airship. The
MRS, when capable, is less expensive to operate than the airship. In the five
SAR missions that the MRS is capable, it could only air-drop equipment and
summon a ship. In the missions the HHf-3 is capable of performing, it is always
more expensive than the airship.

satIn one-half of the six missions of which the HC-130 is capable, it can do
sata lower cost than the airship. For two of the missions it is more expen-

sive, and for one mission the costs are about the same. The HC-130 currently
performs all six of these missions.

Airships are very efficient users of fuel. As opposed to aircraft, which
are completely dependent on dynamic lift, most of an airship'-s lift: is provided
by the buoyancy of the lifting gas. In that air is less dense than water, there
is much less drag on an airship thaa on a ship. Data for aircraft and ships were
selected from optimal economical conditions.

Based upon the analysis of the comparative fuel consumption it was found
that in conducting the 13 missions, the MRS and the HC-130 use from one and one-
half to three times as much fuel as the airship. The HC-1l30 uses from four to
eight times as much fuel. In many cases, the cutters use over ten times as much
fuel.

CONCLUSIONS

1. Airships appear on the-basis of this first order analysis to have

direct, cost-effective application to many maritime patrol missions.
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2. Airships appear technically feasible in maritime patrol roles.

3. Airships appear operationally feasible.

4. Airships deserve special notice for energy efficient operation.

RECOMMENDATIONS

1. LTA experimental vehicle flight demonstrations are recommended for
technical and operational validation in performance of maritime patrol missions.

2. It is recommended that Coast Guard requirements be determined for
logistic and operational'factors (training, maintenance, basing, utilization,
etc.) in light of the unique abilitites of airships.

3. It is recommended that in-depth point design studies of candidate
vehicles address issues such as hover techniques, ground equipment definition,
vehicle fabrication methods, detailed vehicle lay-outs, and scaling effects for
a demonstration vehicle.
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CHAPTER I I
INTRODUCTION

The Maritime Patrol Airship Study (MPAS) is an effort designed to explore
on a systems basis the potential for cost-effective application of modern
Lighter-Than-Air (LTA) vehicles to current and future needs of the U.S. Coast
Guard. Of the joint funding for this study (approximately 4.0 man-years),
three-quarters was provided by the U.S. Navy and one-quarter by the U.S. Coast
Guard. Common interest in long endurance maritime patrol vehicles is shared by
Navy and Coast Guard and a technology base for LTA as developed by both these
agencies and NASA in recent years served as an important prerequisite to MPAS.
Table II-I describes the principal studies recently concluded.

The results of this first-order systems approach are intended to serve as
an indicator for further committment on the part of the Coast Guard. Due to the
dual identity of the Coast Guard (a part of the Navy in wartime), MPAS also
provides input for on going Navy LTA programs.

The principal ingredients of the study are as follows:

1. Mission Requirements and Rationale. "Representative" mission scenarios
are generated for Coast Guard applications using recent Coast Guard mission data
for eight different programs (Chapter IV).

2. Mission Analysis and Effectiveness. Based on mission requirements,
develop "representative" detailed mission profiles and a "representative" avi-
onics suite; then generate a computer math model to analyze mission performance
and effectiveness (Chapters IV and VIII).

3. Vehicle Sizing and Performance. Develop a computer program to predict
sizing and mission performance of modern LTA vehicles; then exercise this pro-
gram to select a conceptual point design to perform the required missions.
Examine sensitivity of this vehicle to variation of selected key vehicle and
performance parameters (Chapter V).

4. Estimated Life Cycle Cost (LCC) and Logistics. Establish methodology
to estimate the LCC of MPAS point design and explore logistics considerations
such as reliability and maintainability, manning and training requirements,
basing requirements, and support requirements (Chapter VI).

5. Vehicle Case Studies. Based on the same mission requirements two
contractors were to derive conceptual point designs to be used for comparative
purposes with the in-house computer results (Chapter VII).

6. Conclusions/Recommendations. Conclusions and recommendations are
presented in Chapters IX and X.

Figure II-i presents the flow of the study elements.

II-i
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While mnany of these separate issues could be explored in-depth as indi-
vidual studies MPAS was to maintain a consistant level of effort across all
tasks. This results (due to time and money) in a systems concept which is not
"fine tuned." A more detailed analysis would precede an optimized concept.

Finally, the systems applicability of modern LTA vehicles was examined for
roles in the total Coast Guard mix of existing assets - this was not a platform
replacement study.

11-4
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CHAPTER III
LTA VEHICLE CHACTER IST IC S

AND OPERATIONS

This Chapter is to briefly acquaint the reader with the nature and opera-
tional history of Lighter-Than-Air (LTA) vehicles and present the vehicle re-
lated assumptions presumed for MPAS.

Lighter-Than-Air vehicles are not a recently conceived idea. Manned bal-
loon flights date back to the late 1700's. Then and now however, the funda-
mental buoyancy principle of LTA flight is the same. Buoyancy is a well-known
fact of physics. LTA vehicles inflated with a "light" gas are buoyed up by the
heavier surrounding air. A summary of light gases is shown in Figure III-l.
Free balloons (flown at the mercy of prevailing air currents) developed into
"dirigibles" (French for "directable" or "steerable") with the addition of
control surfaces to a more streamlined shape. These "airships" as they are now
known have in the last hundred years been characterized by one of three struc-
tural design types6, 7. A genealogy of non-rigid, semi-rigid, and rigid air-
ships is shown in Figure 111-2.

Non-rigid airships are characterized by a single flexible envelope of gas -

without compartmentation - to which the propulsion, empennage, and control car
are attached as shown in Figure 111-3. The loads are supported along and across
the envelope by catenary curtains which are attached to hard points in the car
by suspension cables. At gea level the ballonets (internal flexible cells) are
filled with air. As altitude is increased, the helium expands and air from the
ballonets is expelled through air valves to maintain the same hull shape. At
design altitude (or pressure height) the ballonets are empty. To return to sea
level the process is reversed - air is scooped from the engine exhaust (some-
tines aided by auxillary blowers) and forced into the ballonets. In addition to
internal pressure, bow stiffeners (battens) are attached to prevent "nose cave-
in" at high forward speeds. For all types of airships in order to compensate
for the weight of fuel burned it is necessary to collect ballast to maintain
buoyancy trim. Typically the non-rigids picked up (or pumped up) sea water as
required.

Semi-rigid airships retain rigid structural members only for a rigid keel
along the bottom surface of the vehicle. This type of vehicle differs from the
non-rigid type in that the keel supports the primary loads and the caternary
suspension system plays a much lesser role. Figure 111-4 shows a semi-rigid
airship.

The "rigid" airship consists of fabric covered, compartmented cells of
lifting gas retained within a rigid skeleton of structural members (historically
wire-braced aluminum girders) as depicted in Figure 111-5. Altitude compensa-
tion is handled through expanision and contraction of individual gas cells within

9 I -
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their own compartments. Ballast recovery on the later U.S. Navy rigids was
achieved by funneling the engine exhaust through condensers built into the hull
structure to separate out the water.

The recent studies described in Table II-I provide additional detail in the
historical technical nature of LTA vehicles.

The spectrum of past airship sizes is broad - varying in gross weight from
less than 5,000 pounds to nearly 500,000 pounds. This results in a wide range
of performance capabilities. The non-rigid vehicles, limited in maximum size
usually by seaming technology (to about 2,000,000 cubic feet in volume according
to recent estimates), are the least capable. On the other end of the spectrum,
rigid airships suffer structural inefficiency in small sizes (less than about
3,000,000 cubic feet in volume). Predictions vary as to how large rigid air-
ships might feasibly be today (history's largest was the German LZ-139 at
7,650,000 cubic feet).

For purposes of maritime patrol it was important to focus attention on
realistic vehicle sizes. Figure 111-6 presents the payload-times-endurance
ability of past Navy non-rigid airohips4 8 . Also preseuted in this figure are
the predicted performance increases documented in recei~t studies as a result of
modern technology improvements 6 , 7, 13. Discussions with Coast Guard personnel
determined that CG performance requirements would fall well within this expanded
envelope of performance. In other words, the MPAS would focus on non-rigid
airships.

Operationally, LTA vehicles have had a very diverse experience. The Ger-
mans established a commercial transport company with the early vehicles.
During World War I (WWI) the German Zeppelins were used over London as strategic
bombers (with little actual material effect) and the British operated non-rigids
for submarine detection missions over the North Sea. American participation in
LTA vehicle technology began in earnest in 1923 with the construction of a home-
built rigid airship (a copy of a German Zeppelin captured intact in France
during WWI). Based on fundamental LTA technology developed by the U.S. Army
operating some semi- and non-rigid vehicles, tne U.S. Navy initiated (with the
construction of the Shenandoah) an airship organization which lasted almost 40
years 4 8 . The mission description of the Navy's rigid airships (four were opera-
ted between 1923 and 1935) is presented as published in 1940 in Figure 111-7.

During World War II (WWII) the Navy established a global airship organiza-
tion to deal with the very real menace of Axis submarines. Operations included
convoy escort/ASW, search, observation/photography, nmine laying/sweeping, and
rescue/assistance missions 2 , 3. Between 1942 and the war's end (1945), fifteen
squadrons (totaling 164 non-rigid airships) operated on three continents 3 , 4.
A brief summary'of their performance Is shown in Figure 111-8. Following WWII,
airships were employed effectively in Airborne Early Warning (AEW) roles for
continental defense along the east coast in concert with other vehicles. They
were also used as stable platforms for the dwielopment of many present Anti-
Submarine Warfare (ASW) sensor systems 5 . Figures 111-9 and III-10 pictorially
present the airship conducting a variety of operations.

111-7
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SCOUTING:

- Search Operations at Long Ranges
- Contact Scouting (Strategic)
- observation
- Reconnaissance

GENERAL:

- Neutral Patrols
- Locating Enemy Commerce Raiders
- Convoying Merchant Vessels
- Locating Mines and Submarines
- Bombing (by Planes) Und~er Certain Conditions

MISCELLANEOUS:

- Radio Station Calibration, Radio Relay, DF Special Communication
Station

- Transport of Special Personnel (or Supplies) as "Assisted
Takeoff" for Overloaded Airplanes

I- Flight Research Laboratory

Figure 111-7. Tactical Missions for Rigid Airships (1940).
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Throughout these years of Navy service, several distinctive features of LTA
vehicles were made very apparent.

- Long endurance was a routine operation - the USS MACON in 1934-35 could
operate unrefueled up to 160 hours48 ; the non-rigids of WWII operated for up to
85 hours unrefueled7 ;

- Stable, low vibration platform has benefited both crew and sensors in
past operations' - the flexible nature of the vehicle affords vibration damping,
the inertia of such large vehicles results in platforms insensitive to short
period gusts reducing accelerations for crew and equipment (one 300-plus hour
flight program recorded the occurrence of normal accelerations (g's) which
exceed +0.20 to less thE.n once in 100 times 4 9);

- Low installed power requirements result in attractively lower opcrational
costs - since the major portion of airship lift is derived from buoyant means,
power is necessary primarily for horizontal flight (smaller noise signature is
by product);

- No noise into the water is an important feature in ASW missions such as
towing sonar from airships"U;

- Comfortable accommodations such as those shown in Figure III-11 for a
non-rigid airship is essential in delaying crew fatigue in long endurance mis-
sions;

- High operational availability is the result of fundamental simplicity as
demonstrated during WWII when availability was 87 percent 2 , 3.

Historic criticism of LTA has included slow forward speed capability,
inability to operate in adverse weather, poor low speed control, vulnerability
to hostile action, difficult ground handling and large ground facilities
requirements. Since these issues are crucial to an effective system, steps were
taken during Navy airship operation to address them to some extent and the
recent studies described in Chapter II have addressed the application of modern
technology to the unresolved portions of these issues. It is informative to
briefly recount progress in these areas as follows:

1. Vulnerability to Attack. Since the lift forces for an airship are not
composed entirely of dynamic (forward flight) and/or powered (rotor lift, etc.)
forces, should either or both of these components be eliminated the airship
maintains its primary means of lift - static buoyancy. Airships when punctured
will not flutter about the sky as would a toy balloon. The internal pressure of
any airship remains only slightly above that of ambient air pressure (at most
two to three inches of water) and, therefore, leaks (or holes) create a gradual
seeping situati-n7 , 42, 51. Secondly, the size of a hole necessary to "bring
down" a non-rig-id airship would be on the order of square yards and not square
inches. In the worst situation (an immediate very large hole) the vehicle would
descend gradually. This sort of graceful failure would undoubtably add to crew

111-13
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safety and morale. Sophisticated weaponry would be necessary to produce large
holes i such a low density vehicle (whose vital components are widely spaced).

2. Expensive Ground Facility Requirements. WWII deployment of airship

squadrons to remote areas demonstrated that LTA vehicles could perform their
duties entirely without aid of hangars except for depot-level overhaul mainte-
nance 2 . Today's materials and weather forecasting make this even more feasible.
Therefore, except when all exposed aviation assets evacuate the path of hurri-
canes, the LTA hangar facilities still in existence should prove adequate for
erection of vehicles and depot level maintenance for initial deployments (from
U.S.) and thereby maintain the objective of a "low cost" system by not requiring
development of ground facilities .

3. Ground Handling Requirements. In the early 1900's, the airship was a

not-fully understood and difficult-to-control vehicle. Through the 1930's a
considerable demand for rope handlers was a necessity. Over these years, how-
ever, improvements were made such as gimbaling propellers on the U.S. Navy's
AKRON and MACON. Non-rigid airships, derived from free balloons, were con-
sidered mainly rich men's toys until the military application of barrage bal-
loons and non-rigids by the British before and during WWI. By the time non-
rigids were put into service by the U.S. Navy in 1942, ground handling opera-
tions were standardized. During WWII the required size of ground handling
parties had decreased from nearly 100 to half that size. The advent of mechan-
ical ground handling equipment (mobile winches) in the early 50's further re-
duced the ground party to less than 30, while non-rigid airships had tripled in
size (volumetrically). By the time LTA operations were terminated in the U.S.
Navy in 1961, ground operations of 400+ foot airships had been developed to a
sciernce utilizing mobile and short-masts and required a ground crew of less than
20 under normal conditions49. The recent studies mentioned above indicate that
by virtue of developments in related air vehicle technologies (especially rotary
wing) hover, helicopter-style, is a practical objective.

4. Poor Airship Performance in Adverse Weather. To explore the weather

vulnerability issue, the Navy conducted studies in the late 1950's53.

Some findings are presented as an example:

"A barrier station over the Atlantic Ocean was maintained for a ten-
day period embracing a cross section of all-weather operating conditions. A
barrier station at 38*51'N, 70*13'W, was manned at 2100, 14 Jamnary 1957, and
maintained until 0012 on 25 January 1957, by airships from the Naval Air Develop-
ment Unit, South Weymouth, Massachusetts, and Airship Airborne Early Warning
Squadron ONE, Lakehurst, New Jersey. A total of 415.7 flight hours were flown
by all airships of both commands through weather conditions which included
icing, snow, sleet, rain, fog, and winds as high as 60 knots. . . The average
flight was 37.8 hours in duration of which the average time on station was 22.2
hours, the average time enroute to station was 5.8 hours, the average time
returning to base was 6.3 hours, and an average of 3.5 hours was spent standing-
by at home base awaiting landing crews or proper landing conditions."

IIT-15
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"Ground handling operations were conducted during conditions of snow,
low visibility, rain, high wind, and normal weather conditions. one airship was
unmasted and launched with winds gusting to 35 knots and increasing to 50 knots
ten minutes after launching. Another airship landed and masted with winds
gusting to 39 knots. At least one airship was landed during a snowstorm. On
one occasion an airship was unmasted and a take-off accomlished during a sno~w-
storm which had lasted for eight hours, during which time the airship was on the
mast. A GCA approach and landing was accomplished with 200 ft. ceiling and 3/16
mile visibility; a takeoff was made with a 100 ft. ceiling, in fog, with vi.si-
bility less than 1/4 mile."

In light of these preceeding comments, one question remains to be
answered: It is rightly asked if airships were so effective in service for the
Navy, why were they decommissioned and why are they worth reconsideration today?
A recent study has examined this question. Answering this question will serve
to summarize this entire chapter. Reference f 51 discloses that in the period
iimmediately following WWIT, airships were retained in the Navy for the missions
that they had accomplished so well during the war in Anti-Submnarine Warfare
(ASW). These consisted primarily of coastal patrol and convoy escort in the
offshore region (within about 300 miles). In the post-war period these missions
were expanded to-include operations with a hunter/killer group and extended
capability for convoy escort with an ultimate goal of accompanying the complete
ocean transit. In order to achieve these missions, a number of technological
improvements were developed. For hunter/killer operations it was necessary to
strengthen the structural members of the airship to permit landings on aircraft
carriers. Rapid refueling systems were developed, and these were later followed
by development of systems that would permit the airship to be refueled in the
air and also to be rearmed and remanned from surface ships. Hydraulically
assisted control systems were developed to permit better control during landing
operations aboard carriers as well as better control during ASW operations.
Reversible pitch propellers were designed to provide further controllability
during these operations. ASW sensor development was centered about an innova-
tive new towed acoustic system that could be operated either in an active or
passive mode and towed continuously by the airship. Many other innovative ideas
were tried brut never became operational. These included an Ir, wakL detection
system, bow fins for improved controllability1, boundary layer schemes, and many
others. It should be noted that greatly improved ground handling equipment was
developed that reduced ground personnel requirements significantly a±nd improved
safety.

Tactical development efforts included new procedures for conducting com-
bined operations with both surface escorts and ASW aircraft operating from
carriers or from short bases. In addition, tactics were developed for support
of bottom mounted surveillance systams.

Many of the technological developments intended for application to the
hunter/killer mission were also applicable to the extended convoy escort mis-
sion. Huwever, in addition, great strides were taken in improving the habit-
ability of the airships and providing means for accommodating Increased crew

T111-16
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sizes so that extended endurance could be maintained before it was necessary to
relieve the airship crew. It was demonstrated that an airship could be flown
across the Atlantic and back again without refueling, or any other surface
support. Thus, the convoy escort goal seemed easily attainable.

In the early 1950's a new mission was perceived for the larger sized air-
ships. This mission consisted of Airborne Early Warning (AEW) which was in-
tended to provide a means of warning continental defense forces of impending
enemy a!.rcraft raids thet might use the ocean routes to penetrate U.S. defevres.

AEW airships were developed and utilized for the continental air defense
mission over a period of .years. They provided an extremely efficient way of
accomplishing this mission. While they were never procured in sufficient num-
bers to permit performance of the entire mission, the ZW airships were a very
good complement to the fixed wing ASW aircraft that were used.

The principal advantage that the airship was able to provide in both the
ASW and AEW missions was its long endurance and capability to remain on station
for prolonged periods of time. For the ASW mission the use of an innovative new
sensor, the towed sonar body, also provided an advantage over the fixed wing ASW
aircrtft against the submarine threat of that time period. In the AEW mission
the ad'it.'onal advantage of the airship was its capability to employ a very
povY.z±ul stabilized radar.

As time progressed the requirement for accomplishing the AEW mission became
of reduced importance. This was a result of the shift in Soviet strategic
forces froni manned bombers to intercontinental ballistic missiles. This shift
in weapon systems essentially cancelled the requirement for an early warning
system that could provide surveillance in the seaward approaches to CONUS
against an incoming low flying threat. Thus, the AEW mission requirement es-
sentially disappeared in the early 1960 time period.

In the ASW mission new sonobuoys were being developed for fixed wing air-
craft that permitted them to close the gap in performance that the airships had
enjoyed. The increasing cost of operations and the requirements for the Navy to
reduce their ASW force levels eventually led to the decision to also decom-
mission the ASW LTA squadrons in the early 1960's.

There is little doubt that, with the developments that were made in the
1945-1960 time period, and with application of later technology developments in
aerodynamics, structures, materials, propulsion, and avionics, modern airships
could be built to provide an extremely flexible and useful platform in the
current and future maritime patrol applications.

MPAS Vehicle Assumptions

Based on the past performance of airships (described above) and the infusion
of modern technology the attributes of airships assumed for MPAS are shown in
Table III-I. There are other assumptions for this study which are presented
here. For Coast Guard operation the environmental picture is essential for

111-17
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proper vehicle design criteria. Appendix A explores this issue in some depth.
A vehicle capable of a 90 knot speed was determined capable of operating in more
than 95 percent of Coast Guard missions (occasional large headwinds being the
primary limiting factor).

The lifting gas presumed for all vehicles is Helium. Current and future
availability of this non-flammable resource appears readily assured54 .

Crew accommodations for the missions examined were estimated from past
airship operation. For extended operations (and even for the MPAS profiles) a
human factors analysis should be performed (such as Reference [55]).

In the interest of expediency, the avionics and sensor suites for the
conceptual designs were assumed to be the same as those designed for the Coast
Guard HU-25 fan jet aircraft intended for medium range search operations 56

(with one exception, a conceptual ASW towed array sonar system). These equip-
ments are in a near operational status and while they are not tailored for
airship use (airships could carry a much larger radar antenna for example) they
are considered off-the-shelf technology. Note that for this particular radar
(APS-127)5 7 the performance envelope of the airship (primarily speed) effects
the normal sweep rate. For this reason, an adjusted sweep rate was determined
and is described in Appendix B. State-of-the-art technology levels (1980) have
been assumed for materials, propulsion, and structures.

Current Coast Guard aircraft basing facilities for deployment and existing
LTA hangars for erection, overhaul, and major repair have been postulated. The
manning assumptions are discussed later in Chapter VII along with costing.
Finally the payload items will be presented here as they were specified for
vehicle designs. The fixed payload is defined as the equipment which remains
aboard the airship for every mission. The variable payload is that equipment
which changes with the mission. These items were defined after consultation
with Coast Guard operational personnel and are presented in Table III-II.

111-18
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TABLE III-I
AIRSHIP ATTRIBUTES

HOVER

- Logistics

- Boarding
- Rescue

- Observation
- Remanning/ReF-eling

"* PRESENCE

"* 0 - 90 KNOT CAPABLE

, VERTICAL DELIVERY

- Logistics

- Boarding
- Rescue

"* RAPID ASCENT/DESCENT

- Observation

"* COMMUNICATIONS

" TOW

- Sensors
- Vessels

. MINIMAL WEATHER LIMITATION

* LOW INSTALLED POWER

NOTE: All attributes except hover were demonstrated by 1940-60
vintage airships - "hover" tasks were all achieved by

"flying station" with surface vessels.

I9

Il-i

', p

K _ _ _ _ _ _ _



NAD C-80149-50

o ~ c Go ,. 0 0a

o o 41 v4 00

'ICC

0 (V "-
-4

0
4-1 414

ý--4

co) bo ) J ( 4 -.4 ro -HJ
W- ( H Y-: -

AJ 44- 0JI U-4

~~1 04 0J 00 J
-H (V 1-4: ad j U).4

-H 4 EN 4 ~44 E-4J 0 J

-4 ' 4
1- 0" c'c"' Lr O N C*i'

-4 -4

-4

040
J-4.

C14~

"-4 C40

"0--

J-4 4-1

a c~0x

016H40 -H0. 4

E-4 N (A .
C U)C/ 0.

W E-4 K 4
0 44

-r4 11-20



NADC-8 014 9-60

C HA PT ER I V
M I SSIO0N D EF I NI TIO N

A ND A NA L YSI S

M IS SIO0N D E FIN I TIO N

INTRODUCTION

The emphasis of this study has been on the determination of the suitability
of LTA platforms in current Coart Guard operations. Consideration has been
given only to operations as they are currently being performed in a manner
consistent with the utilization of available Coast Guard air and sea assets. It
is the purpose of Lhis analysis to determine if airships can be used to supple-
ment Coast Guard aircraft and ships in their operations.

MISSION IDlENTIFICATION

To approach this effort a review of existing Coast Guard operations was
undertaken. The Coast Guard operations are organized by program. Table IV-I
lists the thirteen Coast Guard program&. Of these, eight programs listed in
Table TIV-II were identified for a more detailed investigation for possible air-
ship participation. The choice of these eight programs is based upon the
analysis of the attributes of a Lighter-Than-Air (LTA) platform and considera-
tion of the program requirements.

Review of each of these eight programs resulted in the identification of
particular missions that could be performed by an airship. In approaching this
analysis, a concept of a nominal airship was used to assist in the selection of
these potential missions. A candidate airship of the approximate size and
operating characteristics given in Table IV-III was assumied for the purpose of
screening the Coast Guard missions. Missions with requirements significantly
exceeding these capabilities and which could be accomplished effectivel~y using
existing Coast Guard assets, were not considered.

At the zompletion of the mission definition task of this study, more de-
tailed operating requirements were specified from which an exact point design
was determined. Just as the Coast Guard has a variety of ship types and air-
craft types, it may be reasonable to assume, in the future, the Coast Guard
would have more than one type of airship. This would widen the range of mis-
sions that could be performed by airships and improve on the expected efficiency
of each type of airship that would operate on missions within a specified por-
tion of the total mission spectrum. To limit the scope of this study, a single
point design airship was considered. The effectiveness of airships in Coast
Guard operations was determined on the basis of this airship.

Also relevant to the selection of potential airship miLssions are the capa-
bilities and attributes of a niodern airship consistent with traditional opera-
tions and advances in modern technology. it is of Interesc to review how these

att-ributes impact on the ability of the airship to perform Coast Guard missions.

IV-l
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TABLE IV-I
COAST GUARD PROGRAm1S

Short Range Aids to Navigation

Bridge Administration

Commercial Vessel Safety

Enforcement of Laws and Treaties

Ice 'Operations

Marine Environmental Protection

Military Operations and Preparedness

Marine Operations and Preparedness

Marine Science Activities

Port Safety and Security

Radio-Navigation Aids

Boarding Safety

Reserve Forces

Search and Rescue

IV-2
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TABLE TV-il

POTENTIAL AIRSHIP UTILIZATION IN COAST GUARD PROGRAMS

ENFORCEMENT OF LAWS AND TREATIES (ELT)

- Surveillance, Interdiction, and Seizure of

Illicit Fishing and Drug Traffic

SEARCH AND RESCUE (SAR)

- Search, Logistics, and Aid

MARINE ENVIRONMENTAL PROTECTION (MEP)

- Search and Surveillance of the Marine Environment
- Assist in the Logistics and Command, Communication, and

Control of Clean Up Operations

PORT SAFETY AND SECURITY (PSS)

- Hazardous Cargo Traffic Control
- Command, Control, and Communications

MARINE SCIENCE ACTIVITIES (MSA)

- Ice Patrol
- Oceanographic Survey
- Locating Buoys

ICE OPERATIONS (10)

- Surveillance of Ice Conditions

SHORT RANGE AIDS TO NAVIGATION (A/N)

- Monitor Buoys

MILITARY OPERATION/PREPAREDNESS (MO/MP)

- Surveillance for Enemy Forces
- Antisubmarine Warefare (ASW)
- Protection of Offshore Installations
- Convoy Ships
- Logistics Support
- Inshore Undersea Warfare

S
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TABLE IV-III
APPROXIMATE CHARACTERISTICS OF A PATROL AIRSHIP

Volume 500,000 ft 3 - 1,000,000 ft 3

Endurance 20 -- 50 hrs

Maximum Speed 90 kts

Cruise Speed 40 - 50 kts

Payload 10,000 lbs - 20,000 lbs

Maximum Altitude 5,000 ft - 10,000 ft

IV-4
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The ability to hover f or extended periods has been assumed technically
feasible throughout this study although it remains to be demonstrated. His-
torically, airships were capable of "flying station" by flying into the wind.
By using vectored thrust and other techniques, a multiple engine, modern tech-
nology airship should be able to maintain rotary wing-style hover in most
nominal weather conditions. The ability to hover is considered the most es-

5 sential attribute for missions requiring logistic support, boarding of ships or
platforms, and rescue of personnel.

The large volume of the envelope, makes an airship a highly visible plat-
form. This is particularly useful in search and rescue operations, and for
coordinating multiple platform operations. Presence is considered the most
significant deterrent in law enforcement operations.

An on-board winch is considered an essential piece of equipment if the
airship is to be utilized in logistics, boarding, or rescue operations. A high
powered, constant tension winch in conjunction with a hover capability makes an
airship an ideal platform for ferrying and transferring equipment or personnel
to or from the sea surface.

The natural buoyancy characteristics of an airship allows it to ascend or
descend rapidly with little maneuvering and moderate power requirements. This
capability is valuable in search and surveillance missions. After searching
from an altitude of 5,000 feet an airship can rapidly descent for close-in
observation and then rapidly return to search altitude, if desired.

Because oZ its size aud payload capability, large antennas can be mounted
on an airship. These antennas can be either for communication relay, or
special, high resolution sensors. An airship's ability to remain relatively
stationary makes it suitable as a command and communication platform for control
of multiple platform operations.

Historically, airships have been used to tow both small boats and sonar
arrays. The controllability of an airship allows it to operate close enough to
the water to make these operations feasible, while the payload capability
assures enough power to handle most towing loads. With the use of the constant
tension winch the airship could be used to tow ships in rescue operations, very
heavy equipment on sleds for environmental cleanup operations, or sensor systems
for search and surveillance operations.

These attribuites and the range of characteristics given in Table IV-III
were used as a basis for determining Coast Guard missions in which there was
potential for airship participation. After discussions with cognizant Coast
Guard personnel in each of the eight program offices of interest, specific
missions were identified.

MISSION ANALYSIS

After reviewing the mission requirements of each of the eight Coast Guard
programs and determining the type and extent of operations in which airship
participation was feasible, it was necessary to devise a method to determine the

IV-5
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efficiency of airships in. these missions. Because of the wide span of missions
the procedure had to be general enou'tb to be applicable across the spectrum of
operations.

The approach usee is based-upon a generalized partitioning of a mission
into distinct tasks. The seven specific tasks listed in Table IV-IV were for
the analysis of the missions. This set of tasks was chosen in an attempt to
categorize the major operations contributing to the success of a mission in the
most general manner and, yet, distinguish between measures of effectiveness
(HOE's) and required capabilities.

On the basis of these tasks, a set of composite profiles can be created for
each mission. As an exanmple of this approach consider a search and rescue
mission in which a boat is reported missing 70 miles offshore; its position is
known to within 20 miles; upon finding the boat a dewatering pump will be re-
quired, as well as an escort back to shore. This can be translated into a
mission that requires: a 50 mile transit to the be inning of the search area; a
radar and visual search of approximately 1,000 n mi ; the delivery of a de-
watering pump (logistics requirement of 110 lbs.); and an escort back to a dock
(station keeping/trail for 15 hours).

Obviously-, every mission will differ from all. of the others. However, by
using these seven basic tasks many different operational profiles can be
created. Table TV-V provides an example of the standard form used to specify
the profiles for each mission under each program. The program and mission. is
given at the top of the form. There is one profile sheet for each mission.
There is a profile designator associated with each profile, consisting of three
numbers separated by periods (i.e., a.b.c.). The first number, a, corresponds
to the program designation; the second number, b, is a mission identified; and
the last number, c, is a profile designator.

The next ten columns of the form are used to specify the operational re-
quiremnents of the mission profile. Not all tasks need be specified for every
profile. The transit distance is given in nautical miles and is the distance to
and/or from the scene of operation. This will be assumed to be performed at
cruise speed. Not every profile will require transit. Some operations may
start right at or near the airbase. other operations may require transit to the
scene of an operation but perform another task in returning to the base (e.g.,
in the SAR profile just described, the airship escorts the boat back to port).

Patrol tasks are also specified on the basis of the required distance
traveled. Patrol tasks directly contribute to the mission operations. Patrol
tasks are included in logistics operations, ELT missions requiring patrol from
fishing ship to fishing ship, patrol from offshore industry site to offshore
industry site, etc. patrol is assumed to be performed at cruise speed.

Station keeping/trail tasks are low speed operations, but not hover, as-
sumed to be performed at the most fuel efficient speed. Typical operations
associated with the station keeping/trail task are ship escort, ELT surveil-
lance, MEP command and control. The task requirement is measured by the number
of hours the airship remains in station keeping/trail operation.

P/-6
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TABLE IV-TV
AIRSHIP TASKS

Transit - The flight to or from a port or base to the area of
operations.

Patrol - Transit from one defined location to another at a
moderate speed; such as transit from buoy to buoy or
from ship to ship in a Fleet (does not include transit
from bas3 or port to operating area).

Station Keeping/Trail -Slow speed operation while monitoring an identified
.object.

Search -Search operations performed in an area in order to find
and identify objects of interest. These objects may be
boats, pollutants, or enemy forces.

Visual Search -Eye search for objects on or in the water.

Instrument Search - The use of radar, AGTV, IR/UV, or cameras and possibly
passive electromagnetic radiation detection in search
of vessels or people in the water.

Pollution Search - The search for pollutants in the water.

ASW Search - The search for submarines using listening devices in
the water, i.e., sonobuoys or towed arrays.

Board - The placing of a man on a boat or platform in the water
either by direct transfer or by lowering a small boat
and man,

Logistics - The transport and transfer of objects and supplies to a
b,.at or platform in the water (includes the transport
of equipment for the containment, transfer, or dispersal
of oil on the water).

Tow -Towing a boat or other objects in water from the
airship.

IV-7
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TABLE IV-V

STANDARD MISSION PROFILE LIST

Mission:

TASKS

Search
(1, 000 n 2 mi)

w) 0

0 -

.4 - AJ p -H
P r 1 C LProfile U

Designator p H >-
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Four types of search can be specified. These are: visual, instrument,
pollution, and ASW. Each type of search is associated with the use of a dif-
ferent type of device and, therefore, the rate at which an area can be searched
depends upon the type of search and the device used. The search effectiveness
is measured on the basis of area covered. This, in turn, is determined by the
sweep rate of the airship. Random search has been assumed 5 5. The probability
of detection as a function of time for random search is given by:

- st

P(t) = I - e

where

P(t) is the probability of detection as a function of time
s is the sweeprate
A is the area of search
t is the time

The sweeprate s is frequently approximated by taking the .5 point from the
single look probability of detection curve associated with the search device and
multiplying by the speed of the platform. As discussed in Appendix B the fol-
lowing is used in this analysis:

Target Sweep Width Sweep Rate Target Reflectivity

Large Target 60 nmi 3,000 nmi 2 /hr 150 M2

Oil Slick 30 nmi 1,500 runi 2 /hr 20 M2 (Sea State 3 limit)

These numbers assume that the APS-127 Forward-Looking Radar is the primary
detection device when looking for vessels on the water (instrument search) and
that the equivalent to the APS-94 Side-Looking-Radar is used for pollution
search. The sweep widths are enhanced over the equivalent performance when the
equipment is on board an airship. This is because studies5  have shown that
there is an improvement in the ability to detect a target in the slower speed
airship. The slower speed of the airship does result in a lower sweep rate,
however.

For visual search, a sweep width of 20 miles is assumed 5 6 . This is
based upon two visual observers using field glasses and the airship operating
at an altitude of from 3,000 to 5,000 feet.

For ASW search, either using sonobuoy or towed arrays, a sweep rate
of 2,500 nmi 2 /hr has been assumed. This would be associated with a moderate
to good convergence zone environment. For a sonobuoy search a moving
barrier monitoring sixteen sonobuoys is the assumed tactic. A sprint and
drift operation is assumed for utilizing the towed array. For this tactic,
during the monitoring phase, the array is towed at a low speed (approximately
10 knots) and then transported at higher speed (30 knots or more). The array
can be transported through the air or in the water depending on the design
of the array and requirements of the operation.

3
IV-9
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All of the search capabilities that have been specified are dependent on
many factors. The target and the environmient are probably the most significant
factors. The detectability varies with the target size and type. Sea state,
visibility, and whether there is precipitation or not will effect the perform-
ance of the sensors. The values for search rate that have been used are con-
sidered realistl~c and adequate for the general level of this study.

Boarding operations require the airship to hover. in the hover mode the
airship will lower a man (or men) and a small boat into the water. Boarding
will then occur from the boat. if the technology and operations can be developed
it may be possible to lower a boarding party directly on to the deck of a mod-
erate to large vessel. The boarding requirement is specified by the duration of
the operation. While the boarding party is on board the vessel of interest, the
airship will operate at lpw speed in the vicinity of the vessel. This time
spent in the vicinity of the vessel is accounted for under the station keeping!
trail task.

Logistics operations also require the airship to hover as well as having
the capability of raising and lowering large loads. The lift capability will be
provided by a constant tension winch. Bbccept for the determination of the
payload capability of the point design airship, detailed analysis of the
handling equipment and design of the airship car, for storage of large payloads,
has not been undertaken.

The measurement of a logistics task is the weight of the payload delivered.
Obviously, the maximum size of the payload in support operations will be the
maximum capability of the airship. There are, however, identifiable payload
packages for particular missions. For clean up missions of the MEP program, the
Air Deliverable Antipollution Transfer System (ADAPTS) package has been identi-
fied as a deliverable.

The payload associated with logistics tasks differ from mission payload in
that logistics tasks assume the payload is delivered, and therefore, hover
capability is required. After the logistics payload is delivered the airship
weight and its buoyancy will usually be affected and must be compensated by
ballast recovery.

Towing operations are associated with towing a vessel or a sensor through
the water. Due to the increased drag on the airship there is a greater power
requirement and increased fuel consumption during towing operations. Towing
usually occurs in MO/MP ASW operations, towing of distressed vessels in SAR
operations, and occasionally in the event of seizure in ELT operations. It may
be possible to use the airship in MEP operations to place booms and tow skim-
mers, but these have not been considered in this analysis. It is expected that
the point design airship should be able to tow boats of up to at least 150 feet
at speeds up to 10 knots.

The last column of each of the profile forms lists the annual occurrences
of each profile. The profiles that are provided for each mission are estimates
of actual Coast Guard operations. A sufficient number of profiles are provided
for each mission to ipan the spectrum of Coast Guard operations. The occurrence
numibers helps provide an estimate of the frequency of each type of profile fort
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each type of mission. As is discussed in Chapter IX, Mission Effectiveness,
from the mission profiles and their occurrences, a snap shot of the potential
utilization of a maritime patrol airship in Coast Guard missions can he ob-
tained.

Since the scope of this study has been very broad, spanning a majority of
Coast Guard operations, and due to the limited nature of the effort, most of the
entries in the profile tables are rough estimates. The accuracy of the entries
is approximately an order of magnitude. In that the purpose of this study is to
determine if an airship can fill a Coast Guard role in a cost effective manner,
these "ball park" numbers are considered more than adequate. In that actual
operations should be based on the available resources and their capabilities, it
would be unrealistic to attempt to define more precise numbers at this time.

In the next eight sections a broad overview of each of the Coast Guard
programs; of interest is presented, followed by a discussion of the particular
missions in which an airship could participate and a profile list for each of
the missions.

Based upon this approach a total of 264 profiles were created for the
missions specified for the eight Coast Guard programs of interest. A summary of
the number of profiles by program is given in Table IV-VI.

SHORT RANGE AIDS TO NAVIGATION PROGRAM

Objective

The objective of the Short Range Aids to Navigation (A/N) Program is to
assist the mariner in determining his position and to warn him of dangers and
obstructions so that he may follow a safe course. This is accomplished by
providing navigational references such as audio, visual, or electronic signals,
using buoys and lights.

Program Description

The A/N program has broad geographic~ scopa in that aids to navigation are
established and maintained in or near U.S. navigable waters, territories, and
possessions of the United States, the Trust Territory of the Pacific Islands,
and where required to support the Department of Defense. Users range from the
sophisticated professional navigator to the relatively untrained and unskilled
recreational boater. The differing level of these abilities means that the
Coast Guard must satisfy a broad spectrum of user needs.

Of the roughly 78,000 short range aids to navigation in use, nearly 60
percent are aids for which the Coast Guard is wholly responsible. The remainder
are privately owned aids for which the Coast Guard has a management responsi-
bility. The main areas of Coast Guard involvement are the monitor, repair, and
replacement of navigational buoys.

Potential Airship Missions

As originally proposed tizere was a single A/N mission:
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TABLE IV-VI

NUMBER OF PROFILES

Program A/N ELT MEP MO/MP MSA PSS SAR I0 TOTAL

Number of Missions 1 3 3 10 3 3 6 1 30

Number of Profiles 5 41 23 109 11 18 49 8 264

I4
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-A/N Repair and Replace Buoy

Current operating practice requires the lifting of the buoys in exposed
areas on to the deck of a tender for routine maintenance. Because of the large
weights of these buoys, it is not practical to bring them aboard the airship.
The weight of the buoy plus the payload weight of spare parts and tools would

* exceed the payload capability of an airship of the size envisioned for this
study. Coast Guard personnel consider it impractical and unsafe to handle large
buoys directly in the water.

Smaller buoys are generally serviced by smaller boatIs, buoy tenders (65' -

110'), and buoy boats (45'). in many areas where there are smaller buoys such
as rivers or inlets there are too many obstacles to be able to have access to
all of the aids from an airship.

While it does not appear to be feasible to handle routine maintenance of
buoys without extensive modification of current operating procedures, there are
roles that airships can provide in the A/N program.

After severe weather conditions, it is desirable to determine any dis-
crepancies (buoys lost, displaced, or not operating). An airship is ideally
suited for these operations because of its speed, surveillance capability, and
its p-)tential ability to hover near the surface. Emuergency repairs could be
performed by lowering a man arid boat into the water.

Another majcr need of the A/N program is placement of buoys. Current
procedure uses a horizontal sextant to triangulate on three or more points of
observation. Because of the limited horizon of1 a tender it sometimes is diffi-
cult to identify a sufficient number of landmarks to sight on. An airship, with
an ability to hover and providing a stable platform and a greater horizon due to
altitude, could survey an area and place marker buoys at the precise location.
A tender could later place the buoys at the marked location.

Another requirement for both the short range aids to navigation and radio
aids to navigation programs is logistic support. 'Light Stations and Light
Ships, as well as LORAN stations, need logistics support. In addition, as part
of the Lighthouse Automation and Modernization Project (LAMP) a number of Light
Stations have been automated. These stations need routine maintenance as well
as emergency service which could be performed by a crew transported by airship.

Miesion Profiles

Based upon the above discussifons only two missions have been analyzed for
the A/N program. These are the discrepancy reporting and buoy placement opera-

tions. General maintenance and repair of buoys have not been included because
of the operational difficulties associated with that mission. The logistics
support mission also has not been analyzed as part of the A/N program because
the frequency of occurrence is not known and the mission is similar to logistics
operations of other programs.

* IV-13
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Only one mission profile table, Table IV-VII, is included in this analysis.
It is associated with both the discrepancy reporting and buoy placement opera-
tions. The profiles given are based upon general consideration of the nature of
the operations. In that these missions are not separated from the normal duties
of platforms performing A/N operations, exact profiles cannot be determined.

Summary of Potential Airship Participation in the A/N Program

Airships can be useful for:

1. Descrepancy Reporting

- after severe weather, survey for lost, disabled, and displaced
buioys

2. Buoy Placement

- through precise navigation techniques, mark placement of buoys

3. Logistics support

4. Inadequate for Routine A/N Maintenance

ENFORCEMENT OF LAWS AND TREATIES

ObJective

The objective of the Enforcement of Laws and Treaties (ELT) Program is to
enforce all Federal laws in the marine environment, except those specifically
assigned to other Coast Guard programs - i.e., vessel safety, marine pollution,
vessel traffic control, and port safety and security. In recent years ELT
enforcement efforts have focused particularly on laws relating to fisheries
protection, immigration, and drug smuggling.

Program Description

ELT can claim to be the oldest Coast Guard program since the Revenue
Marine - the ancestor of the modern Coast Guard - was established in 1790 to
suppress smuggling. Today, as the Federal maritime enforcement agency, the
Coast Guard is responsible for enforcing all FedetLal laws on the navigable
waters of the United States and its possessions and on the high seas. The laws
to be enforced fall into two categories: laws relating to marine safety for
which the Coast Guard has sole responsibility; and laws relating to customs and
revenue, immigration, quarantine, neutrality, protection of fish and game,
marine environmental protection, and other matters that fall within the juris-
diction of other Federal agencies for which:

- the Coast Guard shares enforcement responsibility, and

- the Coast Guard's unique facilities are required to accomplish maritime
law enforcement.
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TABLE IV-VII
PROFILE LIST

Mission: A/N DISCREPANCY REPORTING, BUOY PLACEMENT

TA S K S

Search
(1,000 n2 mi)

'T

Profile j I5w

Designator • u• - 4-4 p..•

1.1.1 50 150 { 12,000 10
1.1.2 50 300 2 2,000 10

1.1.3 100 200 2 5,000 10

1.1.4 100 300 2 5,000 10

1.1.5 200 200 4 5,000 10

I\
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The ELT program encompasses a wide variety of duties covering a broad
geographic area. Included are:

- enforcing laws and regulations governing the fishery conservation zone
extending 200 nautical miles off the U.S. coasts;

- interdicting drug and alien smuggling in areas such as the Caribbean;

- ensuring that U.S. tuna boats off the shores of South America comply with
the Inter-American Tropical Tuna Convention;

- minimizing damage and loss of fishing gear caused by conflicting deploy-
ment of mobile and fixed equipment, such as the simultaneous use of lobster pots
and bottom trawlers off the New England coast.

The functional elements of an enforcement system are detection, surveil-
lance, and apprehension.

Potential Airship Missions

As a result of discussions with the ELT program office and review of
references [60] and [61] three types of missions were identified for airship
utilization. These are:

- ELT Surveillance
- ELT Search and Board
- EL.T Search, Board, and Seizure

The missions are differentiated on the basis of operations. Both fishery en-
forcement and drug enforcement missions are included in each.

The location of operations, proposed airship basing, and current platforms
performing the operation are identified in Table IV-VIII.

It will be noticed from Table IV-VIII that the airship is expected to
fulfill missions of both aircraft (MRS, LRS) and cutters (WHEC, IWMEC). This is
a realistic assumption in that the airship can provide high sweep rates similar
to the aircraft and the endurance, presence, and sighting capability of the
ships. Because of the capabilities of the modern airship, it is expected that
boarding of vessels of interest is feasible.

Compared to existing Coast Guard platforms, the airship is a unique plat-
form in that it combines characteristics of both sea platforms and air plat-
forms. It has the ability to travel at higher speed than ships, is not affected
by high sea state and has the ability to survey the sea from high above it. At
the same time it has the ship-like characteristics of long endurance, the
ability to travel at low speed or hover, and can deliver a substantial payload.

In reference [60] the comnparison of aircraft and ships in various aspects
of the fisheries patrol missions is made. These comparisons are reproduced
here. :n all cases, the airship has the capabilities to satisfy the Pro argu-
ments for both the aircraft and ships. At the same time, the limitations l.isted
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TABLE IV-VIII
POTENTIAL ELT MISSIONS

PROPOSED

AREA AIRSHIP BASE CURRENT PLATFORM

Southern New England Cape Cod MRS

New England Cape Cod MRS

Southern New England Cape Cod MEC/HEC

New England Cape Cod MEC/HEC

Chesapeake Bay Elizabeth City MRS

Texas Corpus Christi MRS/MEC

Middle Atlantic New York City MRS
Elizabeth City

Middle Atlantic New York City MEC
Elizabeth City

West Florida St. Petersburg MRS

West Florida St. Petersburg MEC

S.E. Alaska Kodiak MRS/MEC/HEC

Louisiana New Orleans MRS/MEC

West Coast Port Angeles MRS/MEC

Summer Herring Kodiak LRS/HEC

Ground Fish Kodiak LRS/HEC

Ground Fish Kodiak LRS/HEC

Far Aleutians Kodiak LRS/HEC

Guam/Marianas Hawaii LRS/HEC

Summer Salmon Kodiak LRS/HEC

Summer Salmon Kodiak LRS/HEC

Hawaii Oahu LRS/HEC

Straight of Yucatan Miami Drug Enforcement

Windward Passage Mobile Drug Enforcement

IV-17



NADC-80149-60

under Con are not applicable to the airship. An airship should be able to
perform these functions at a reasonable cost of operation.

From reference [ 60] :

"C. DETECTION ALTERNATIVES ANALYSIS

e. Aircraft:

Pro (1) Can establish presence, level, and type of activity,
and, in most cases, identify vessels.

(2) Provides, through visible presence, an expression of
active interest and control by the coastal state.

(3) Presence serves as a g-reater deterrent to potential
violators than most other alternatives.

(4) Provides some verifi~cation of compliance with regula-
tions.

Con (1) Costs.

f. Ships:

Pro (1) Can establish presence, level, and type of activity,
and vessel identity.

(2) Ship presence exerts maximum deterrence in area where
it operates.

(3) Provides, through visible presence, an expression
of active interest and control by the coastal state.

(4) Provides verification of compliance with certain
regulations.

Con (1) Limited speed results in a limited area of coverage.
(This is somewhat mitigated when helicopters are
carried.)

(2) Costs.
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"D. SURVEILLANCE ALTERNATIVES ANALYSIS

c. Aircraft:

Pro (1) Can observe certain aspects of fishing operation -

type of gear in use/fishing activity.

(2) Can conduct localized activity external to vessels
under surveillance.

(3) Relative large area, all-weather coverage.

Con (1) Cannot provide internal inspection of vessel.

(2) Confirmation of observations is often difficult.

(3) Does not provide the level of detailed information
required.

d. Ships:

| Pro (1) Combination of close observation and detailed
on-boord examination or inspections permits positive:

(a) Determination of whether or not vessel is
fishing.

(b) Determination of type of fishing gear being
employed.

(c) Determination of whether or not vessel is
bottom fishing.

(d) Determination of kind of fish being taken.

(e) Determination of size of the catch.

(f) Determination if the vessel is in violation of
established laws, regulations, or treaties.

(g) Determination of other information concerning
administration of regulations, and management
of the fishery.

(2) Large deterrent effect provided by the capability
* to conduct a boarding.
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(3) Ships are the only practicable platform from which
to dispatch/disembark boardinS parties.

Con (1) Cost.

"E. APPREHENI.IVE ALTERNATI-VES ANALYSIS

1. Analsis

a. Aircraft:

Pro (1) Can signal a violator and continue tracking to
. sa'.isf,7 the requirements of "Hot Pursuit."

Con (1) Limited endurance often necessitates sequential
relief by several other aircraft until an
enforcement vessel arrives on scene.

(2) Boarding party, which is necessary to effect
apprehension or detention/seizure, arrest, cannot
be safely disembarked from an aircraft.

b. Ships:

Pro (1) Can signal a violator and establish and maintain
"Hot Pursuit."

(2) Can be used to disembark a boarding party to
effect apprehension.

(3) Capable of providing protection and ready support
for boarding party personnel on board another
ship for the purpose of effecting a seizure.

Con (1) Lacks the speed of an aircraft for quickly arriving
on scene to initiate "Hot Pursuit" on a violator.

(2) Cost.

5. Ships, and Aircraft, in combination, perform all of the functional
elements of the fisheries enforcement system effectively. The wide area cover-
able capability of aircraft coupled with the ability to notify a violator and
initiate "hot pursuit" supports the limited area coverage capability of ships.
Ships, on the other hand, provide the best alternative, external to the fishing
vessels, to monitor operations through boardings, and to complete the appre-
hension act when it is required. The unique ability of ships to satisfactorily
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execute the apprehension act, in addition to performing detailed surveillance/
monitoring, support and other enforcement-related operations makes them directly
applicable to an effective enforcement program.

Mission Profiles

U The total of 41 different profiles were generated for the three specified
ELT missions. The profile tables for EL~T missions are given in Tables TV-TX
through IV-~XI. These prcfiles correspond to existing operations as given in
Table IV-XII. The proposed basing and current platform used in these missions
has been given previously in Table 1V-VII. It should be noted that some pro-
files are associated with more than one operation, e.g., 2.1.18 reflects both

U Gaum/Marianas operations and Summer Salmon operations, and some operations are
described by more than one profiles, e.g., Southern New England search opera-
tions 2.1.1 and 2.1.3. When operations require similar airship operations they
can be grouped under the same profile. Similarly, an operation may at times be
described by different profiles.

Summary of Potential Airship Participation in the ELT Program

Airships can be used for:

a. Drug Enforcement

b. Fisheries Enforcement

Airships provide:

a. Combine Characteristics of Ships and Aircraft

-. higher speed than ships
-not affected by sea state
-high sweep rate due to speed and altitude
-slow speed and hover capability
-ability to board;

b. Presence

C. "Hot Pursuit" Capability

MARINE ENV IRONMENTAL PROTECT ION PROGR~AM

Objective

The primary objective of the Marine Environmental Protection Program (MEP)
is to maintain or improve the quality of the marine environment through preven-
tive measures. The secondary objective is to minimize the damage caused by
pollutants discharged into the marine environment by providing coordinated and
effective response to remove discharges of oil or hazardous substances.
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TABLE IV-IX
PROFILE LIST

Mission: ELT SEARCH

TASKS

T ASK

Search
(1, 000 n2 mi)

:k'0. -4.

""1- W

Prof ile co co 0 ar co t6 •
Designator E 4 1 En E- P6 ; Q<•2., 0 20 10

2.1.3 0 100 4 20 20 25

2.1.4 0 r00 6 35 35 100

2.1.5 50 0 0 3 3 10

2.1.6 50 50 4 30 30 50

2.1.7 50 0 0 15 15 50
2.1.8 50 50 2 15 15 100

2.1.9 50 0 0 20 20 25

2.1.60 50 500 4 20 20 500

2.1.71 50 0 0 35 70 200

2..12 150 50 2 5 5 50

2.1.13 150 10 20 20 200

2.1.14 500 50 2 25 25 50

2.1.15 500 100 4 25 50 200

2.1.16 500 00 8 50 100 100

2.1.17 2,000 00 4 25 -25 50

2.1.18 2,000 50 6 50. 50 25
2.1.19 2,000 00 8 75 100 50

2.1.20 1,000 0 8 15 15 300

5
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TABLE IV-X
PROFILE LIST

Mission: ELT SEARCH AND BOARD

TASKS

Search
(1,000 n 2 mi)

v 4j •-,
0.

WI _00 0 11 25-a
.2.2 0 003""5 50 2- 4 10

Prof ile d 4 col
0. . 51 00 0Designator P- CW 4-4 P

2.2.1 0 100 4 20 20 2 25

2.2.2 0 100 6 35 35 2 100

2.2.3 50 50 2 10 10 2 10

2.2.4 50 50 2 15 15 2 50

2.2.5 50 100 4 20 20 2 10

2.2.6 50 200 10 35 70 4 100

2.2.7 150 50 2 2 5 2 10

2.2.8 150 100 4 20 20 2 100

2.2.9 500 50 2 25 25 .4 25

2.2.10 500 100 4 25 50 4 100

2.2.11 500 200 8 50 100 2 200

2.2.12 2,000 100 '4 25 25 4 , 50

2.2.13 2,000 150 6 50 50 2 25

2.2.14 2,000 200 8 75 100 2 50

2.2.15 1,000 8 8 15 15 2 50
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TABLE IV-XI
PROFILE LIST

Mission: ELT SEARCH, BOARD, AND SEIZURE

TASKS

Search

(1,000 n2 mi)

I
-44J

Profil 0 oto
$- d - 4 .4000 0Designator H PW W H .E

2.3.1 25 50 15 15 15 2 0 2

2.3.2 25 50 2 15 15 2 100 1

2.3.3 50 100 20 20 20 2 0 2

2.3.4 100 100 20 50 50 2 0 1
2.3.5 1,000 200 50 50 50 2 0 2

2.3.6 500 0 50 15 15 2 0 2
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TABLE IV-XII
PROFILE CORRESPONDENCE TO ELT MISSIONS

AREA DESIGNATOR
Search Search, Board

Search and Board and Seizure

Southern New England 2.1.1

New England 2.1.2

Southern New England 2.1.3 2.2.1 2.3.1/2.3.2

New England 2.1.4 2.2.2 2.3.1/2.3.2

Cheaspeake Bay 2.1.5 2.3.2

Texas 2.1.6 2.2.3 2.3.1

Middle Atlantic 2.1.7

Middle Atlantic 2.1.8 2.2.4 2.3.1/2.3.2

West Florida" 2.1.9

West Florida 2.1.10 2.2.5 2.3.3

S.E. Alaska 2.1.11 2.2.6 2.3.4

Louisiana 2.1.12 2.2.7 2.3.3

West Coast 2.1.13 2.2.8 2.3.3.

Summer Herring 2.1.14 2.2.9 2.3.4

Ground Fish 2.1.15 2.2.10 2.3.4

Ground Fish 2.1.16 2.2.11 2.3.4

Far Aleutians 2.1.17 2.2.12 2.3.5

Gaum/Marianas 2.2.18 2.2.13 2.3.5

Summer Salmon 2.1.18 2.2.1.3 2.3.5

Summer Salmon 2.1.19 2.2.14 2.3.5

Straight of Yucatan 2.1.20 2.2.15 2.3.6

Windward Passage 2.2.20 2.2.15 2.3.6

Hawaii 2.2.10 2.2.15 2.3.6
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Program Description

Congress has established the restoration and maintenance of the chemical,
physical, and biological integrity of the nation's waters as a national ob-
jective. The Coast Guard is the primary maritime agency empowered to meet this
national objective.

The role for the Coast Guard in marine environmental protection is a logi-
cal extension of its traditional missions in marine and port safety and law
enforcement.

The MEP Program is divided into sixc major operational components: re-
sponse, enforcement, preyention, monitoring and surveillance, iinpcct assessment.,
and in-house abatement.

Initial efforts were designed to solve the immediate problem of minimizing
the effects of pollution. More recent actions have concentrated on developing
an adequate cleanup (response) capability to effectively remove most oil dis-
charges. Current efforts in this area are concentrating on special technical
problems for oil removal, removal of hazardous substances, and the removal of
pollutants in the arctic environment.

In addition to attempting to resolve the immediate problems of cleanup, a
second phase has been initiated to eliminate all types of discharges. Efforts
are being directed at establishing an effective enforcement program, coupled
with public awareness and education campaigns. Future efforts in this area will
attempt to improve the level of enforcement in the coastal areas and to provide
limited coverage in those outlying areas where little or no enforcement activity
is presently conducted.

The U. S. Coast Guard Pollution Prevention Regulations for vessels and oil
transfer facilities, which went into effect on 1 July 1974, signified the begin-
ning of the third phase of the Program - prevention. Additional regulations,
such as those dealing with hazardous substances, will be developed as necessary
in conjunction with public education efforts, in a unified enforcement approach.

Several other initiatives support the response, enforcement, and prevention
phases of the MEP Program. Monitoring and surveillance serve to meet program
objectives in two ways. First, adequate detection enhances enforcement capa-
bilities as well as being a deterrent which aids in preventing discharges.
Second, this activity provides the Coast Guard with an impict assessment capa-
bility which can be used c-o judge the damage or the imptct of pollutants on the
marine environment. This information is required to ensure effective cleanup
and to establish effective prevention policies. Initial steps to accomplish
this are taken by providing surface and air surveillance in coastal and port
areas.

To complement the aircraft, cutters, and boats that ccnduct the bulk of the
MEP Program, three major items of response or cleanup equipment are in use.
These are (1) the Air-Deliverable-Antipollution Transfer System (ADAPTS), (2) a
high seas oil containment device, and (3) two types of oil recovery devices.

IV-26
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Potential Airship Missions

After discussions with cognizant personnel in the MEP Program office, three
MEP missions were selected for further evaluation. These are:

- MEP Surveillance, Detection, and Identification (Sample)

- MEP Logistics Support

- MEP Command and Control

The Surveillance and Identification mission is associated with three dis-
tinct operations:

- Aerial surveillance of ports handling ten million tons or more of petro-
leum per year,

- Coastal surveillance

- Ocean dumping operations

Airships are suited for MEP surveillance operations because of their speed,
station keeping, and altitude characteristics. The airships considered for this
study should be capable of hovering or traveling at speeds of up to 90 knots.

Operating at an altitude of 5,000 feet at a cruise speed of 60 knots or
more, airships have a sweep 'rate almost comparable to airplanes and signifi-
cantly greater than ships. The speed range of an airship allows it a quick
response capability in emergencies, and yet it can also perform close-in sur-
veillance at low speed.

Hovering is required for boarding operations. Sampling of detected pollu-
tants can be handled at low speeds or in hover. The airship can operate close
to the surface or at altitude up to 5,000 feet. The low altitude capability
would be used for boarding, sampling, or close-in surveillance and the higher
altitudes can be used for large area surveillance. Another significant attri-
bute of the airship is its high visibility. The p ,resence of a Coast Guard
airship could be a strong deterrent to intentional1 dumping. For pollution
detection operations it is assumed that an airship will be equipped with the MRS
Aireye sensor package5G.

The combination of relatively high payload, compared to helicopacers or an
MRS, high speed and hover capability makes an airship a useful vehicle for

5 logistics support in cleanup operations. it is not restricted by high sea state
or shallow water, which are frequently the type of conditions in which large
tanker accidents occur. Tie airship, as designed for Coast Guard missions,
would be able to carry and deliver to the scene the ADAPTS package. For these
missions the airship is assumed to be able to carry the ADAPTS system, repeating
this ferrying operation three or four times before refueling. In the Torey
Canyon spill of 1976, although the ship was only 26 miles offshore, a trip of
over one hundred miles by sea was required due to shoals. In order to delivel
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the equipment it was necessary to use a U.S. Army Skycrane. Currently large
clean-up equipment such as ADAPTS is stored at central locations throughout the
country. This equipment must be transported to a staging area and then de-
livered to the incident. HC-130 aircraft are used to fly the equipment long
distances. Airships could be used to deliver the equipment directly to the
scene.

Additional missions under the MEP Logistics Support are associated with
carrying and deploying booms, herders, burning agents, dispersants, sinking
agents, etc. While the number of occurrences of these incidents may not be
large, the importance of having the,-capabilities of the airship at these times
is great.

For command and control functions at the cleanup scene, an airship provides
an ideal platform for coordinating operations. Its ability tu operate at low
speed above, but close to, the incident is useful in obtaining information,
determining the status, and giving commands. Its high-speed capability provides
a quick response and allows surveillance of the entire scene in short periods of
time. Its high endurance allows control to be maintained from a single platform
f or the duration of most operations. It can also be used to ferry personnel and
as an illuminating platform for night-time operations.

Mission Profiles

For the MEP program there are 23 profiles for the three mission types. The
profiles and occurrences listed for the surveillance and sample mission reflect
the requirements specified in the MEP Program Standard 62 provided here in Table
IV-XIII. The correspondence of the profiles in Table IV-XI-V with the operations
is as follows:

- Port Surveillance Profiles 3.1.1 - 3.1.4
- Coastal Surveillance Profiles 3.1.3 - 3.1.7
- Ocean Dumping Profiles 3.1.8 - 3.1.11

Profiles 3.1.10 and 3.1.11 are associated with the criterion of boarding 15
percent of all "A" vessels and a spot check boarding of "B" vessels.

The logistic support mission is associated with delivering of clean-up
equipment. The profiles are given in Table IV-XV. Profiles 3.2.1 and 3.3.3 are
associated with an operation in which the airship is assumed to be able to carry
the ADAPTS system, repeating a ferrying operation three or four times before
refueling. The remaining profiles listed under the MEP Logistics Support mis-
sion are associated with carrying and deploying booms, herders, burning agents,
dispersants, sinking agents, etc. While the number of occurrences of these
incidents may not be large, it is of great Importance to have the capabilities
of the airship at these times.

The remaining profiles, Table IV-XVI, are associated with command and
control functions at the cleanup scene. These operations are treated in Pro-
files 3.3.1 -3.3.5.

IV-2 8



NADC-80149-60

TABLE IV-XIII
PROGRAM STANDARDS

PROGRAM: MEP

ELEMENT RELATED CRITERIA

1. Monitor liquid bulk transfer 20%-30% of vessels with a tank
operations of oil or hazardous capability of over 250 BBLS. 50%
substances, of tankers arriving at deepwater

ports. *

2. Board tanker vessels to ensure 10% - 15%
compliance with pollution laws.

3. Conduct patrols of the essential 1/day daylight hours
harbor areas. 1/week nighttime

4. Conduct patrols of remote Once/week
harbor areas.

5. Spot-check liquid bulk Once/month
waterfront facilities.

6. Inspect liquid bulk Twice/year
waterfront facilities.

7. Survey liquid bulk Bi-annually
waterfront facilities.

8. Send monitor to scene of All discharges where Coast Guard
discharge. is predesignated on-scene

coordinator including deepwater
ports. *

9. Remove polluting discharges All discharges when required and
where not done or inadequate removal is feasible.
by responsible perty.

10. Conduct aerial surveillance Twice a week for deepwater ports.*
flights in port areas handling Frequency of flights for port areas
10 million tons or more of based on actual amount of petroleum
petroleum per year, including handled. Varies on a sliding scale
deepwater ports and their from 1 patrol/week for 10 million
approach channels. tons to 6 patrols/week for 250 million

tons.

*Deepwater port criteria effective pending operation of LOOP (FY-80).

S
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TABLE IV-XIII
PROGRAM STANDARDS

(Continued)

PROGRA1I: MEP

ELEMENT RELATED CRITERIA

11. Conduct coastal surveillance See Marine Safety Manual, CG-495,
flights over territorial Volume VI.
waters, contiguous zone, Frequency of patrols for 1977
prohibited zone, atd expanded amendments to FWPCA expanded zone
jurisdiction zone mandated by to be determined.
FWPCA amendments of 1977,

12. Send Coast Guard representative All discharges (adequate investi-
to scene and investigate gators by other agencies may be
discharges. used).

13. Conduct surveillance of 75% of Category "A" dump
ocean dumping operations operations, 10% of Category "B"
authorized by permit. operations, 15% boarding of "A"

vessels, spotcheck boardings on
"B" vessels.

14. Inspect records and logs Quarterly*
required at deepwater ports.

15. Inspect oil transfer Quarterly*
controls and procedures at
deepwater port terminals.

*Deepwater port criteria effective pending operation of LOOP (FY-80).
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TABLE IV-XIV
PROFILE LIST

Mission: MEP SEARCH AND SAMPLE

TASKS

Search
(1,000 n2mi)

0 1 c1j

3:1 .5 i .5 i0 I0 I
00w 4.J,"I~ z- r4 z.4Prof ile W= 0 I 4c

I - J~ 40 0UDeintr H CL >

3.140 .5 10 i 0
3.1.2 50 10 .5 20 20 50

3.1.3 100 10 .5 10 10 100

3.1.4 100 10 .5 20 20 100
3.1.5 100 10 .5 25 50 100
3.1.6 500 10 .5 25 50 50
3.1.7 1,000 10 .5 25 50 25

3.1.8 200 0 4 100

3.1.9 500 0 4 100
3.1.10 200 0 4 1 10
3.1.11 500 0 4. 1

I
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TABLE IV-XV
PROFILE LIST

Mission: MEP LOGISTICS SUPPORT

TAS KS

Search
(1,000 n 2 mi)

Deinto I U

I -
.2r.0 0 -44 500 0

w 00 4 u,000 0

3.2.1 200 10 8 1 00 1

3.0 50 101 C 500
324510 ý4 1,00 104"r n

3.2. 10 10 4 500 10z

3.2.6 100 10 4 1,000 10

3.2.7 100 10 8 3,000 5
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TABLE IV-XVI
PROFILE LIST

Mission: MEP COMMAND AND CONTROL

TASKS

* ISearch1" (1,000 n2 mi)

r.

3.3.'-0 4 2
3.3.4 -4 

w0
4-4 0J. 0

Designator1  E- p m ki4 Ej 0-~

3.3.1 50 4 II125
3.3.2 50 12 10
3.3.3 I 50 24 10
3.3.4 100 8 .5
3.3.5 J,00 36 5

I
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For the purpose of generating profiles for the logistics and command and
control missions, the data on the number of pollution incidents and Coast Guard
participation) in cleanup operations was obtained from the Coast Guard's Pollu-
tion Incident Reporting System (PIRS). It was assumed the airship participation

in these cleanup operations would be predominantly limited to spills of greater
than 10,000 gallons. It is expected that for smaller spills, other platforms
would be utilized.

Su&mmary of Potential Airship Participation in the MEP Program

Airship participation in MEP operations can include:

a. Surveillance

- including sampling capability

b. Logistics Supply

- capable of delivering skimmers and large pumps

c. Command, Contrcl, and Communications Platform for Large Clean-ujp
Operations

- provide illumination for night time ,Loerations

MILITARY OPERATIONS/PREPAREDNESS PROGRAM.

Obj ective

The objective of the Military OperaLi on./'Preparedness (MO/MP) Program is to
maintain the Coast Guard as an effective and ready armed force prepared for and
immediately responsive to assigned tasks in tim.a of war or national emergency.
This includes readiness to function as a specialized service in the Navy in
time of war, responding to national disasters and donestic emergencies, and the
efficient conduct of peacetime missions. The program unifies both preparedness
and operations.

Program Description

In order to maintain the Coast Guard as an effective and ready armed force,
MO/MP combines training writh the preparation of contingency plans based on

realistic assessments of Coast Guard capabilities. Joint coumiand post, joint
operational, multi--unit, and individual exercises, are scheduled periodically to
promote military preparedness. The Coast Guard participates in DOD's World-wide
Military Command and Control. Systein (WW'iCCS). Participation in Fleet and inter-
service exercises is geared to ensure that personnel and material performance
are equal to Navy standards.

Typical tasks which may be required of the Coast Giard in wartime are:
surveillance for enemy forces, antisubmsarine warfare (ASW), protection of off-
shore installations, convoy escort, and logistics supply.
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Potential Airship (MO/MP) Missions

The MO/MP program is unique among the eight programs identified in this
study for potential airship utilization. It is a support program set up to
respond to contingencies. In this role it is not utilizing assets on a daily
basis. In fact, the program does not have assigned assets. However, when the
Coast Guard purchases a platform, it does consider the military capability. The
airship is analyzed within this context.

Consistant with the historical use of Navy airships and the roles identi-
fied in the MO/MP program, ten missions were specified as follows:

- MO/MP Patrol
- MO/MP ASW Sonobuoy Surveillance
- MO/MP ASW Towed Array Surveillance
- MOIMP ASW Sonobuoy Surveillance and Attack
- MO/MP ASW Towed Array Surveillance and Attack
- MO/MP Ocean Industry Protection (OIP), Surveillance
- MO/MP Ocean Industry Protection, Surveillance, and Inspection
- MO/MP Convoy Ships
- MO/MP Logistics and Supply
- MO/MP Inshore Underwater Warfare

Three types of search and surveillance operations are identified; patrol,
sonobuoy search, and towed array search. These differ in the type of sensors
used. Patrol would rely on radar and visual search looking for aircraft or
objects on the ocean surface. Sonobuoys and towed arrays would be used pre-
dominantly for ASW operations. Airships wculd utilize sonobuoys in a manner
similar to aircraft. A sonobuoy field would be laid and then monitored by the
airship. Additional sonobuoys could be deployed as operations require. Because
of the airship's long endurance a field could be monitored for much longer
periods of time than is currently accomplished by patrol aircraft.

A specially designed towed array, for air operations, could be deployed by
an airship operating at low altitude and slow speed. Because an airship is not
in direct contact with the water its radiated noise greatly minimizes inter-
ference with the performance of the sensor. The higher speed capabilities of an
airship, as compared to a ship, enhances its operational effectiveness. A
standard tactic in the employment of towed arrays is "sprint and drift" in which
the array is towed at low speed (drift), to search an area, and then towed to a
new area at higher speed (sprint). The higher the speed of the sprint cycle the
more effective the operation.

Upon detection of a submarine an airship may either maintain surveillance
or initiate an attack. The attack may be made by another platform in the area,
e.g. surface ship or submarine, or carried out by the airship. For attack, the
airship would be equipped with torpedoes.

Ocean Industry Protection (OIP) is a missicn the Coast Guard may be re-
quired to perform in peace time as well as in war time. Oil platforms, deep se&

S IV-35



NADC-8014 9-60

ports, etc., are stsceptible to terrorist attacks as well as military action.
The speed and endur,nce of an airship allow for surveillance of a number of
platforms during a single flight. At an offshore site an airship can either
perform low speed visual inspection or allow direct inspection by a boarding
party.

The range, speed and payload capability makes an airship an ideal platform
for logistics and supply of moderate size payloads. This is true for non-
military programs, i.e., MEP, A/N, etc., as well as for the MO/MP program.
Because of its ability to hover, an airship could suipply remote areas where
basing or port facilities are minimal or non-existent.

The protection of cwoastal and adjacent waterways from penetration by hos-
tile forces is an area of increasing concern to the Coast Guard. The airship's
ability to do large area search from high altitude as well as close in search
from near the surface can be well utilized in Inshore Undersea Warfare. Swimmer
teams, for invest.igation or attack, can be transported and deployed and re-
covered by hovering airships. The speed and endurance of the airship allow for
a range of operations.

Mission Profiles

Mission profiles for the MO/MP missions are given in Tables IV-XVII -

IV-XXVI. There are a total of 109 profiles specified for the ten different
missions. MO/MP operations are not performed on a daily basis, rather they are
formulated to meet emergency situations that arise. Therefore, the exact nature
of. and the need for a mission is dependent on the type and severity of the
ccntingency. The measures for each task are varied to assure spanning the
operational requirement of the putential missions and to show the potential and
diversity oL the airship contribution to MO/MP operations.

Occurrences are not given for these profiles. Therefore, the MO/MP
missions are not accounted for in the determination of the total airship
requiremnt.

Summary of Potential Airship Participation in the MO/MP Program

Potential mission areas for airship participation in MO/MP operations are:

- patrol
- ASW sonar surveillance/attack
- OIP surveillance/inspection
- escort of convoys or independent ships
- logistics and supply
- inshore undersea warfare

NOTE: While the MO/MP Program does not have dedicated assets, operations would
typify part airship military roles.
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TABLE IV-XVII
PROFILE LIST

Mission: MO/MP PATROL

TAS KS

Search
(1,000 n 2mi)

I -Ii

Profile I c• -4• u,

Designator • • ci- • > . •• o•--

4.1i.1 25 25 1.0 10 T 0

4.i. 2 25 25 100 200 0

4.1.3 100 25 10 10 0

4.1.4 100 25 50 100 .0

4.1.5 500 25 2• 50 0

* 4.1.6 500 25 i100 200 0

4.1.7 1,000 25 25 50 0 [

4.1.8 1,U00 25 100 200 0I

4.1.9 3,000 2• 25 50 0

4.1.10 3,000 25 100 200 0 -

IV- 37 t

-•_. -. . . _ ..... - "

I . . i I -



NADC-800149-60

TABLE IV-XVIII
PROFILE LIST

Mission: MLO/NP AS14 SONOBUOY SURVEILLANCE

SearchI
(1,000 n2mi)

-41
JJý - 0 tr 0 U

Deinao E P. 0r E -4 >. `4 1 ^ I
0.. 0d- 10-0

4.2. 100- 100 0

4.2.5 500I 10 0
4.2.2 500I 50 0
4.2.7 100 1050 0

4.2.48 1000 100 0
4.2.5 5,000I 100 0
4.2.60 5 00 500 0

4,2.11 1,000 10 0

4.2.92 1,000 100 0

4.2.13 2,000 500 0
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TABLE IV-XIX
PROFILE LIST

Mission: MO/MP ASW TOWED ARRAY SEARCH

TASKS

Search

(1,000 n 2mi)

Pr f e4j -4j ,-

co I . czi

I .- ,-.

*a 4j $~4 0 I
Profile I = • •• -' = I ,- 0 0 o [ U

Designator p P0 m H -

4.3.1 50 i0 0

4.3.2 50 50 0

4.3.3 100 50 0

4.3.4 100 100 0

4.3.5 500 10 0

4.3.6 500 50 0

4.3.7 500 100 0

4.3.8 1,000 10 0

4.3.9 1,000 100 0

4.3.10 1,000 500 0

4.3.11 2,000 10 0

4.3.12 2,000 100 0

4.3.13 2,000 500 0

*Equivalent -o tow tisk f r towed array.
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TABLE IV-XX
PROFILE LIST

Mission: MO/MP ASW SONOBUOY SEARCH AND ATTACK

TA SKS

SSearch

(1,000 n2 mi)

Su a2

P~ofileDesignator~ E-W E.I "4

4.4.1 50 50 1 10 0

4.4P2 50 10 1 50 0

4.4.3 50 50 1 50 0

4.4.4 100 10 1 10 "
4.4.5 100 50 1 10 0

4.4.6 500 50 1 50 0

4.4.7 500 10 1 10 0

4.4.8 500 50 1 50 0

4.4.9 500 10 1 100 0

4.4.10 500 50 1 100 0

4.4.11 1,000 10 1 10 0

4.4.12 ,000 50 1 100 0

4.4.13 ,000 50 1 500 0

4.4.14 1,000 10 1 100 0

4.4.15 1,000 50 1 10 0

4.4.16 1,000 10 1 100 0

4.4.17 2,000 50 1 500 0
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TABLE IV-XXI

PhOFILE LIST

Mission: MO/MP ASW TOWED ARRAY SEARCH AND ATTACK

________________TASKS{

Search f
(1,000 n2 mi)

r ( U= o

4. . I0 i i 02 0 .

r. .E (0

4. . I0 5 i501,00

4..0 0 0 1 I0 200

4.5.11 5000 5 0Ii1020

4.5. 5 10 .1. 1- 50 0

50 50 41 04 1,00 1
4.5.4 100110 1 10 200 UO

4.5.4 1000 50 1 10 200

4.5.6 ato 100 50 1 F- 50 1,000E- 0

451500 10 1 10 200 0

4.5.2 500 50 1 50 1,000 0

4.5.3 500 1 1 100 2,000 0

4.5.10 500 50j 1 100 2,00 0

4.5.17 1,00 10 1 10 200 0

4.5.12 1,000 50 1 100 -2,000 0

*Equivalent :o tow t sked for towed array.
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TABLTE TV-XXII

PROFILE LIST

Mission: MO/MP 0IP SURVEILLANCE

TASKS

Search
(1,000 n 2mi)

r a) 0 C v

r. .- ,

Prof ile ri w 0 m Or u

Designatori - }pKH W i-_ __ __

4.5.1 50 100 1 i 0

4.6.2 50 200 3 1 1 0

4.6,3 50 200 2 5 5 0

4.6.4 200 100 2 1 1 '0

4.6.5 200 200 2 5 5 0

4.6.6 400 100 5 5 0

4.6.7 400 500 10 5 5 0

4.6.8 400 000 10 5 5 0

4.6.9 400 1000 20 10 10 0

4.6.10 400 000 10 10 30 0
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TXBLE IV- XXIII
PROFILE LIST

Mission: MO/MP OIP SURVEILLANCE AND INSPECTION

I Search
(1,000 n 2 mi)

C

Profile I I -4= _ U'
I 4

4.7.1 50 100 2 w I 5 0

4.7.2 50 200 3I 1 I 10 0
4.7.3 50 200 2 5 5 10 0
457.4 200 100 2 1 1 .0
4.7.5 200 200 2 5 5 10 0

4. 7.6 400 100 5 5 5 5 0

4. 7. 7 400 500 10 5 5 25 0

4.7.8 400 1000 10 5 5 50 0

4.7.9 400 1000 20 10 10 50 0

4.7.10 400 1000 10 10 10 20 0

II
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TABLE IV-XXIV
PROFILE LIST

Mission: MO/MP CONVOY SHIPS

TASKS

Search

(1,000 n 2mi)

0. -

I. I -4.4

X 0 C-

C

Profile m m m 06C$ý C 0 0 00
Designator, p 0. rn E-4

4.8.1 1500 5 10 10 0

4.8.2 100 10 i 10 10 0

4.S.3 200 10 25 50 0

4.8.4 500 20 25 50 0

4.8.5 200 20 50 100 0

4.8.6 500 40 50 000

I I
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TABLE IV-XXV
PROFILE LIST

Mission: MO/M LOGISTICS AND SUPPLY

TASKS

Search
(1,000 n 2 mi)

DeP nao r o f 11 e ca b

I '

4.9.1 0 500 0
4.9.2 50 2,500 0
4.9.3 50 5,000
4.9.4 5 0 0 500 0
1.9.5 500 2,500 0
4.9.6 500 5,000 0

4.9.7 2,000 
500 0

4.9.8 2,000 2,500 0

4.9.9 2,000 5,000 0

4.9.10 5,000 5,000 0
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TABLE IV-XXVI
PROFILE LIST

Mission: MO/MP INSHORE UNDFRSEA WARFARE

TASKS _

Search
(1,000 n 2 mi)

,,-1 4 0 2 1 U 0

Prof ile Co OL u

4, lo. 1 I0 10 2 111 500 0

4.10.2 100 10 2 .5 .5 0 500 0
4.10.3 200 1200 2 .5 .5 1 500 0

II
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MA1,INE SCIENCE ACTIVITIES PROGRAM

Objective

The objectives of the Marine Science Activities (MSA) Program are to pro-
vide marine science support to all Coast Guard programs and to support national
economic, scientific, defense, and social needs.

Program Description

The Coast Guard marine science effort emphasizes applied oceanography in
support of Coast Guard programs and missions. Coast Guard activities in Search
and Rescue, Marine Environmental Protection, and Ice Operations 'ely heavily on
the oceanographic and met~erological information obtained through MSA operations.

The Coast Guard has the greatest federal presence in the coastal zone and
has the sole U.S. capability for surface transit of ice-covered waters.

The Coast Guard has a long history of cooperation with the National Oceanic
and Atmospheric Adbninistration (NOAA) through projects with the National Weather
Service (NWS), National Marine Fisheries Services (NMYS), and National Ocean
Survey (NOS). Additionally, mutual interests have stimulated exchanges of
services between the Coast Guard and the Department of Defense.

The following brief summary highlights some of the most signficant activi-
ties carried out by the Coast Guard through MSA:

a. International Ice Patrol - Commenced in 1914 after the sinking of the
TITANIC, now conducted under international agreement. Aircraft and ships are
deployed each year from February to August to detect icebergs near the North
Atlantic shipping lanes and to study ice and current conditions;

b. Oceanographic Services - Applied oceanography to support Coast Guard
operations. Sea surface current studies are conducted to assist in computerized
Search and Rescue planning. Computerized models of sea currents for the entire
U.S. coastline are being developed. In addition to SAR operations, these models
have application in pollutant drift prediction and the planning of deep water
ports. Other coastal projects being conducted include estuarine pollution
studies, time dependent current modelings, and bays and sounds modeling;

c. Data Buoy Project - This project is administered by the National Oceanic
and Atmospheric Administration with Coast Guard providing operational support
for deployment and servicing of buoys, a technical staff, and a communications
system to relay buoy data. An extensive network of buoys provides marine environ-
mental data over the coastal U.S. from the Gulf of Maine to the Gulf of Alaska
and the Great Lakes;

d. Marine and Coastal Weather Observation and Reporting - This project is
conducted as a cooperative effort with the National Weather Service and the
Naval Weather Service Command for use in preparation of marine weather fore-
casts. Approximately 170 shore stations and 50 cutters report weather data
several times daily. National Weather Service prepared weather forecasts are
bioadcast to local marine users over Coast Guard communications facilities;

IV-47
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e. _Coop•ative Projects - The Coast Guard engages in cooperative projects
wia:h various federal agencies and provides marine science expertise and resources
to further national goals in open ocean and coastal programs. Many of these
projects represent unique efforts, where the Coast Guard contributes most or all
of the daý.a and services:

- Airbornn Radiation Thermometer Surveys - Charts of sea surface tempera-
Lures in continental shelf regions are compiled from data acouired monthly by
Coast Guard aircraft..using infrared radiation thermometers. hese charts of
both the east and west coasts are provided to U.S. GovernmenL agencies and the
civilian maritime community for use in search and rescue, marine environmental
protection, and fisheries related problems.

- Ocean S0oundin Program - Bathymetric data are routinely supplied to the
Defense Mapping Agency Hydrographic Office by cutters engaged in regular Coast
Guard functions. These data become an input to charts used by all members of
the maritime community.

Potential Airship Missions

After discussions with cognizant personnel in the MSA Program Office and
review of pertinent literature four missions were considered for airship opera-
tions. These are:

- MSA International Ice Patrol (lIP)
- MSA Airborne Radiation Thermometer (ART)
- NOAA Data Buoy Office Support (NDMO)
- Miscellaneous

A succinct description of the nature and requirements of these missions is
given in reference (60) as follows:

"IIP - Aircraft are used as the primary method of tracking icebergs in the
North Atlantic Ocean. Occasionally, Coast Guard vessels are used to track and
mark the southern most icebergs and act as an aid to navigation . . . This
normally required three or more flights per week averaging 1,200 miles . .

The length of the iceberg seasons is variable but an average season of 123 days
occurs between March and July . .

"ART - The Coast Guard has been monitoring sea temperatures from aircraft
since 1962 . . . Selected air stations are responsible for two or three eight
hour flights during the one week of each month. A typical flight carries two or
three technicians as observers and 50 to 100 pounds of equipment. Monthly
surveys are flown at a nominal altitude of 500 feet . . . The infrared radio-
meter is sensitive to vibration and the heat effects from turbine exhaust . .

"NDBO - The Coast Guard is tasked with providing operational services for
the NOAA Data Buoy Office in support of a network of deep ocean moored environ-
mental buoys. A recurring requirement exists for aircraft to investigate dis-
abled buoys and search for buoys which drift from station . . . The operational
buoys are widely distributed along the United States coast including the Gulf of
Alaska at ranges between 50 and 800 miles from the closest air station.

IV-48



NADC-80149-60

"Miscellaneous - Examples of the types of services provided are. ferrying
scientific personnel and cargo, conducting aerial photography, monitoring cur-
rents and sediment patterns to determine pollution dispersal, providing non-
search logistics support for lIP, airborne equipment test flights and flights in
support of other-agencies such as NOAA, USGS, and EPA."

The lIP missions require that a specified area be totally searched on a
routine basits. While the length of the ice patrol season varies from year to
year, the requirements of each patrol remains fairly constant. How the search
is conducted is dependent on the type of platform used for the search. If long
endurance platforms are available, long missions would be advisable. If a
platform can only operate eight hours a day, missions should be shortened.
There is a requirement of searching the entire area of interest (approximately
100,000 n 2mi) once a week for 20 weeks a year.

Typical search patterns, for current operations using the HC-130 are given
in Figures IV-l and IV-2.

TIP operations are frequency hampered by weather conditions. In the period
from early spring through early summer the poor visibility and ceiling condi-
tions off the Newfoundland coast interfere with TIP operations. The airship,
because of its ability to operate at very low speeds and its greater maneuver-
ability should be able to operate in many situations in which the HC-130, which
currently performs the mission, cannot. As discussed in Chapter III, airships
can operate under conditions of lower ceiling or lower visibility than fixed
wing aircraft. Table IV-XXVII, which comes from Appendix A, specifies the
expected occurrence of weather conditions for the Argentia area off the Newfound-
land coast. In the late spring and early summer the visibility/ceiling is
poorest and the wind conditions are least severe.

An airship also offers operational advantages in the ART mission. The low
level of vibration and the ability to isolate instruments from high temperature
sources or metallic parts make an airship an ideal platform for carrying the
sensitive scientific instruments associated with this mission.

Mission Profiles

For the three MSA missions identified, there are a total of 11 profiles
given. For International Ice Patrol (lIP) there are four profiles given in
Table TV-XXVIII. These profiles are actually alternate sets of two profiles.
Depending upon the capabilities of the airship either the combination of 5.1.1
and 5.1.3 or the combination of 5.1.2 and 5.1.4 should satisfy the mission
requirement. The pair of profiles that can be most efficiently handled by the
point design airship should be the profiles chosen for this mission. The pro-
file configurations of lIP operations are based upon Figures IV-I and IV-2.

Similar considerations should be given for ART and NDBO missions. The
profiles given in Tables IV-XXIX and IV-XXX are based on the number of flight
hours required as specified in reference [63]. The profiles can be modified to
efficiently utilize the point design airship as long as the requirements of area
surveillance are satisfied.
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Figure IV-I. International Ice Patrol Standard Flight Plans.
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Figure IV-2. International Ice Patrol Standard Flight Plans.
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TABLE IV-XXVIII
PROFILE LIST

Mission: MSA ICE PATROL, SURVEY OF NORTH ATLANTIC FOR ICEBERGS (IIP)

TASKS

1 1

Search
(1,000 n 2 mi)

OJt-4 ,-

.1 0.

5. . 4200i. 25-050

w; r-4 -4

I-I

Prof ile w W u (n -4 ff en

0 0

Designator 

05.1.1 0 11 25 125-1 -t
5.1.2 0 1 25 50 I100*
5.1.3 200 1 I25 25 50*

5.1.4 200 1 25 50- 50*

*A total requiremen1 of pproxim tely 15( days. Eith r 5.1.1 and 5.1.3 will bel used or
5.1.2 and 5.1.4 wi I. be used defending cn cost effecli'7enesE.
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TABLE IV-XXIX
PROFILE LIST

Mission: MSA AIRBOPNE RADIATION THERMOMETER (ART) SURVEYS

TASKS

Search
(1,000 n 2 mi)

I

Profile H m 0 U m 4 " z 4-,

Designator 4 f VH E-I 0 o

5.2.2 50 50 I25

5.2.2 500 2 25

5.2.3 500 25 50

I 5

4

I
IV-54

-- -- -. - 1',. - ,.'



NADC-0149-60

TABLE IV-,XXX
PROFILE LIST

Mission: MSA NOAA DATA BUOY OFFICE (NDBO) SUPPORT

T A S K S

Search

(1,000 n2mi)

6C
r-
Cý

H Q)
5 W
r- S4 ý4 r. cn u

0
E

-H 0 -j
rn 0 14 1-4 co w "a

$4

Prof ile 0 AJ Cd 0 U) co
$4 co 4j p 1 0 0 0 0 u

Designator. E p. m F-4 w H

5.3.1 100 100 2

5.3.2 200 100 2

5.3.3 300 100 2

5.3.4 1000 100 .2
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Summary of Airship Participation in MSA Operations

There is potential for airship utilization in the following MSA operations:

a. irternational Ice Patrol (IIP)

- has high endurance and payload capability

- less constrained by poor visibility and ceiling than HC-130

b. Airborne Radiation Thermometry (ART)

- has high endurance and payload capability

- instrumentation can be isolated from heat and vibration sources

- safe low altitude (500 feet or less) platform

c. NOAA Data Buoy Office Support (NDBO)

- investigation of disabled buoys

- search for drifting buoys

d. Miscellaneous

- ferrying cargo and personnel

- aerial photography

- environment survey

PORT SAFETY AND SECURITY PROGRAM

Objective

The objective of the Port Safety and Security (PSS) Frogram is to safeguard
the nation's rnavigable waters and adjacent shore areas, including ports and
their related facilities, from accidental or intentional harm.

.P7:ogram Description

The Ports and Waterways Safety Act (PWSA) of 1972 was written to prevent
damage to, or destruction or loss of auy vessel, bridge, or other structure on,
in, or near the navigable waters of the U.S. and to protect the navigable waters
and the resources therein from environmental harm resulting from vessel or
structure dam.jge.

The Port Safety and Security Program is administered by the Coast Guard
Captains of the Port (COTPs). The Program is complex and interfaces with
several other program areas.
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Currently, there are over 50 Captains of the Port with approximately 1,600
field billets designed for Port Safety/Security and Marine Environmental Pro-
tection duties. These functions include monitoring and supervision of oil
transfer and hazardous cargo operations, cleaning-up pollution, conducting
harbor patrols, insDecting and surveying waterfront facilities, establishing
safety and security zones as required, and controlling movements and anchorages.

The many and varied activities of the PSS program can be categorized into
the following major areas:

- prevent intentional or accidental mishandling of cargo in U.S. ports and
waterways;

- prevent threats and acts of espionage, sabotage, and intelligence
gathering;

- reduce 'he likelihood of fires and explosions in the port areas;

- reduce the probability of ship collisions or groundings;

- assist vessels to transit U.S. Dorts safely and economically in a mini-
mum of time;

- promote unified and consolidated rules of the nautical road in accordance
with international regulations for preventing collisions at sea;

- enhance cargo security within the entire marine terminal complex.

Vessel traffic management is an important means of assuring safe operation
in certain ports and waterways. This function is provided by Coast Guard Vessel
Traffic Services (VTS). Using a VHF-FM communication network, and in most cases
some form of electronic surveillance, information on vessel positions and
movements is collected by a shore-based vessel traffic center. After analyzing
the data, the VTS provides accurate and comprehensive information to vessels on
the status of other vessels and other relevant navigation information. In
addition, congestion or other conflict situations are predicted as far in ad-
vance as possible. Vessels are alerted to such potential problems so that
corrective measures can be taken.

Potential Airship Missions

Three missions have been identified under the PSS program in which airships
could be utilized. These are:

- PSS Escort
- PSS Port Traffic Control
- PSS Fire Fighting Equipment

The escort mission is to provide traffic separation from, and escort to,
vessels handling Class "A" explosives and cargoes of particular hazard, such as

liquid natural gas, which present a high risk to port areas. By keeping station
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in the vicinity of the vessel, an airship could provide a platform for direct
observation over a large area, a means for direct communication with the vessel
or any traffic in the vicinity, and a quick response capability to respond to
any problems that arise. The high visibility of the airship would provide a
presence to alert all traffic within the area.

The port traffic control operation is similar to the escort mission in that
the airship is maintained over a small area providing wide area surveillance
through radar and visual observation. Computer facilities and traffic control
personnel would be stationed on board and could communicate to port traffic via
VHF transmissions. Because of its mobility the airship could respond to port
emergencies or be available for close observation.

The Coast Guard is involved in fire fighting operations less than 25 times
a year. In fire fighting operations the airship could provide logistics sup-
port, transporting large pumping equipment to the scene. Also, if required, it
could serve as a platform for command, control, and communications. If an
airship were available, it could be used for logistics of these operations.
Therefore, the PSS Fire Fighting Equipment mission has been included in this
airship analysis.

Missions Profiles

Tables IV-XKXI through IV-XXOXIII specify a total of 18 profiles for the
three PSS missions. The first mission is associated with the escort of vessels
carrying hazardous cargo. The exact nature of these operations depends upon the
port in which the escort is being provided. As before, the profiles are selected
to span the nature of these operations.

The second mission, port traffic control, is the only mission of this study
that is a new mission, proposed on the basis of the airship's capabilities.
Therefore, there are no existing operations upon which to base a profile, nor is
there an identifiable requirement from which the annual occurrence can be deter-
mined. The profiles given for this mission are given in Table IV-XXXII, as an
example of what the potential requirement for such an operation could be. The
exact details of such a mission will have to await the development of an airship
and additional analysis.

The third mission under the PSS program, fire fighting equipment, also has
a very low frequency of occurrence. The profiles given in Table IV-XXXIII are
provided to span the range of possible missions in which an airship may parti-
cipate. The payloads for the logistics task are associated with either a large
pump or the fire fighting equipment set.

Summary of Airship Participation in PSS Operations

For the PSS program the following missions have been identified for airship
utilization:
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TABLE IV-XXXI
PROFILE LIST

Mission: PSS ESCORT

TASKS

Search
(1,000 n 2mi)

0 "-

6.1i.2 100 150 6 i 006.1 . 3 i 0100 12 100

6.1.4 200 50 6 1.00

6.1.5 200 10 12 100

I
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TABLE IV-XYXXII
PROFILE LIST

Mission: PSS PORT TRAFFIC CONTROL

T A S K S

Search
(1',000 n2mi)

rz,
-. ) 0 U,•,- Cm.

.,-4 9-4

I 0 "". 5 0 4 o a

""2. O0 4- 0

Profile 0 0 c--
Designator A. E- >H 0EH I - ---- .
6. 21.1 50 4 0
6.2.2 100 4 I0

6.2.3 50 7 0
6.2.4 10 7 0i

6.2.5 00 10 0

U
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TABLE IV-XXXIII
PROFILE LIST

Mission: PSS FIRE FIGHTING EQUIPMENT

TA S K S

Search
(1,000 n2 mi)

0.
0 -,4 0 z"-- ,-. 2) 0 -I• -

w I "IH1 3 - -Profile Co m V) CC
r. 0 0rDesignator E 0. E -

E-4_ _ _ _ _ _ _ _ _ _I__ t_ _ _ _ _ _ _ _ _o_
6.3.1 0 4II00 i
6.3.2 0 4 2,700
6.3.3 0 20 100 1
6.3.4 0 20 2,700 i
6.3.5 100 4 100 1

6.3.6 100 4 2,700 1
6.3.7 100 20 100 1
6.3.8 100 20 2,700 1

I l
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a. Escort of vessels carrying hazardous cargoes

- station keeping in vicinity of vessel
-large area surveillance

- direct communication
- quick response;

b. Port traffic control

- mini vessel traffic services (vts)
- simultaneous observation, command, control, and communications platform
- quick response;

c. Provide fire fighting equipment

- logistics support
- command and control

SEARCH AND RESCUE PRCGRAM

Objective

The objective of the Search and Rescue (SAR) Program is to minimize loss of
life, injury, and property damage by rendering aid to persons and property in
distress in the marine environment, including the inland navigable waters.

Program Description

Search and Rescue is the mission which is most readily identified with the

Coast Guard. This mission is one of the Coast Guard's most traditional func-

tions and continues to demand the highest priority.

Economic and technological advances have changed the search and rescue

clientele. The rapid expansion of recreational boati.ng, the increase of powered
fishing vessels, and the ý'ccepted responsibility of the United States to provide

a greater degree of assistance to the mariner on the high seas, has created new

ujexaands for providing search and rescue capability. The Coast Guard has re-

spcnded to these lemands by evolving search and resrue systems that encompass

stations, ships, aircraft, and boats which are linked by modern communications

networks, and centrally controlled and directed by rescue coordination centers.

The current national SAR plan has established three SAR regions; Inland,

Maritime, and Overseas. The Coast Guard is the designated coordinator for the

Maritime region. SAR facilities have been established at numerous points along

the East, West, and Gulf Coasts, and in Alaska, Hawaii, American Samoa, and
Puerto Rico.

The Maritime SAR region reaches deep into the Atlantic and Pacific and
embraces all of the Gulf of Mexico. It should be noted, however, that 92 per'cent
of all SAR incidents occur within 25 miles cf the U.S. coastline.
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Potential Airship Missions

Of all the Coast Guard programs, SAR probably has the most diversified
operating requirements. Because of the variety of services provided, it is
difficult to allocate the responses to a small number of categories. However,
within the degree of generality of this study, the following six categories can
adequately describe the mission profiles:

- SAR Search
- SAR Search and Provide Equipment
- SAR Search, Provide Equipment, and Board
- SAR Search, Board, and Tow
- SAR Board and Assist
- SAR Tow

There are factors that complicate the analysis of missions for the SAR
program. A platform does not have to be allocated to the SAR program to attempt
SAR operations. A platform may be involved with a different mission when a SAR
requirement occurs. The platform will interrupt its assigned mission and under-
take the SAR mission. Therefore, when responding to a SAR occurrence, the exact
status of a platform depends upon whether it is interrupting an ongoing mission
or is assigned from its base. Factors such as fuel load, endurance, and payload
will differ for the two situations. In specifying the airship variable payload
for all programs identified in this study, rescue equipment is included. The air-
ship is always prepared for a SAR interrupt. The first consideration in assigning
a platform to a SAR operation is whether the platform is adequate for the nature
of the incident. Of all the capable platforms, the platform that is least
expensive to operate and can rapidly respond, is assigned to the mission. On
this basis only missions of greater than ten miles from shore are considered for
airship response. For shorter missions, boats or helicopters should be suffi-
cient for most operations. This is not to say that airships are inadequate for
such operations but that they usually will not be the platform of choice for
these missions.

With the ability to hover, the airship can maintaia its position directly
over a vessel in distress, providing direct observation or communications. A
winch provides the ability to lower a man and boat into the water, lift someone
from the water, or directly from the deck. It is also possible to lower fuel,
supplies, a dewate:ing pump, or firefighting equipment directly to the vessel.
It is also assamed. that the airship will be able to tow vessels of up to 150
feet or more.

Mission Profiles

For the s•x SAR missions, there are a total of 49 profiles specified in
Tables IV-XXXIV through IV-XXXIX. It has been assumed that airships will
participate in medium and long range SAR operations (greater than ten miles
offshore). It has also been assumed that SAR operations will be handled as
separate missions. This ignores the general procedure of interrupting existing
operations to participate in SAR. All of the rrofiles incorporate the transit
task which accounta for transit from the airbase to the scene of the SAR mission.
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TABLE IV-XXXIV
PROFILE LIST

Mission: SAR SEARCH

_ _ ~~TASKS _ _

Search
(1,000 n 2mi)

-4 WI u
.i:0 1Iý I s I

Profile 0 V I c b 3 Q
Designator E-4 tr UE-4 :> E 4

7.1,1 50 0 1 2,000

7. 1.2 50 0 5 5 500

7.1.3 50 2 2 2 100

7.1.4 50 4 2 2 .100

7.1.5 100 0 1 1 500

7.1.6 100 0 5 5 100

7 1. 7 100 2 3 3 50

7.1.8 100 4 3 3 10

7. 1.9 100 10 5 5 200

7.1.10 500 0 1 1 200

7.1.11 500 0 5 5 200

7. 1. 12 500 2 5 5 50

7.1.13 500 10 5 5 25

7.1.14 1,000 0 1 1 100

7. 1.15 1,000 0 10 10 50

7.1.16 1,000 2 5 5 25

7. 1.17 1,000 10 5 5 5
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TABLE IV-XXXV
PROFILE LIST

Mission: SAR SEARCH AND PROVIDE EQUIPMENT

TASKS

Search
(1,000 n 2 mi)

.- 0 z.1

. . 0 - o w U)
w- A. -~ A- -j..

Pro i le f 5 I w V)
j 4 44 r 1 0 0 0Designator H Ln > ý4 P..E- 0

7.2.1 50 2 1 5 500 100

7.2,2 50 2 5 5 500 50

7.2.3 50 2 i5 5 1,000 100
7.2.4 100 2 3 3 500 20

7.2.5 100 2 3 3 1,000 20

7.2.6 500 2 3 3 500 10
7.2.7 500 2 3 3 1,000 20
7.2.8 1,000 2 5 5 500 10

I
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TABLE IV-XXXVI
PROFILE LIST

Miss ion: SAR SEARCH, PROVIDE EQUIPMENT, AND BOARD

TASKS ._ __

Search
(i000 n2mi)

_r .r4
0£

0 0 . '4 4

Profile ( m (n -144 co 4 J0 0 0 0
Designator E- C L Cr- I o

7,3.1 50 2 .1 1 1 500 5

7.3.2 100 2 1 1 1 500 5

7.3.3 500 2 1 1 1 500 5

7.3.4 1,000 2 1 1 1 500 5
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TABLE IV-XXXVII
PROFILE LIST

Mission: SAR SEARCH, EQUIP, BOARD, AND TOW

TASKS

Search
(1,000 n2 mi)

0 00

4 r o f i I e0 '0 .j0 0 0 a uDes~ignator Cl-o

7.4150 2 1 1 T 1 0 25 100
7.4.2 50 4 1 1 1 50-1 25 50
7,4.3 2 2 3 3 1 0 50 25
7.4.4 100 4 3 3 1 500 50 .5

7.4.5 500 2 3 3 1 0 250 5
7.4.6 500 4 3 3 1 500 250 5

I
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TABLE IV-XXXVIII
PROFILE LIST

Mission: SAR SEARCH, BOARD, AND ASSIST

TAS KS

Search 1

(1,000 n 2 mi)

"-z w -I

Profile K K - °

0 -.

Designa tor -j 0 0

7.5.2 50 2 i 1 1,500

7.5.2 50 4 1 1 500k

7.5.3 100 2 3 3 1 200

7.5.4 100 4 5 5 100

7.5.5 500 2 5 5 100

7.5.6 500 4 3 3 1 10

7.5.7 1,000 2 3 3 100

7.5.8 1,000 4 3 3 1 50
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TABLE IV-XXXIX
PROFILE LIST

Mission: SAR SEARCH AND TOW

TASKS

Search
(1,000 nkmi)

S I* V 0 , Cz .. 4 LW-

7.6.1 50 1 1 i 25 1,O000
7.6.2 50 4 1 25 20

7.6.3 100 1 3 3 50 100

S100 4 3 3 50 5

7.6.5 500 1 3 3 250 25
|27.6.6 1,000 1 3 500 2

7..3I10V13 3 090
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In analyzing the SAR program, a group of profiles were specified for each
mission. The task composition was varied from profile to profile over a variety
of parameiers to assure spanning the types of profiles that wouJd be encountered
in actual operations. On the basis of the Search and Rescue Assistance Reports
data base, the occurrences of the profiles were then specified. Each of the
categories of assistance were correlated with the seven tasks used to create the
profiles. The categorization of SAR assistance categories with the specified
missions is given in Table fV-XL. On the basis of this correlation it is felt
that the profiles give a good representation of the nature and frequency of the
SAR mission in which an airship would be expected to participate. It is un-
likely that an airship would be available for all of the specified missions.
However, it could be valuable assistance in all of these occurrences, if avai-l-
able.

It is obvious that, on a given SAR. more than one tauk may be required.
Since assistance to personnel is analyzed separately from assistance to pro-
perty, the combination of these task occurrences is hard to identify. In
specifying the number of occurrences for each profile, an attempt has been made
to maintain the correct proportions and the approximate total of all SAR occur-
rences greater than zen miles.

Summary of Airship Participation ini SAR Operations

Airship utilization has been considered for long range rescue operations
ten miles or greater from the shore. Airships could be particularly useful for
such operations because airships:

- Have High Sweep Rates
- Can Deliver Large Payloads
- Can be Used for Boarding Vessels
- Can Tow Vessels in Distress
- Have High Endurance

ICE OPERATIONS PROGRAM

Objective

The objective of the Ice Operations (10) Program is to facilitate maL'itime
transportation and other activities in the national interest in ice-laden do-
mestic and polar waters. The services provided in thL 10 program also assist in
meeting the needs of marine safety and environmental protection in the ice
env irorm ent.

Program Description

In 1936, a Presidential Fxecutive Order established national policy on use
of vessels for icebreaking operations in chatnnels and harbors. The Coast Guard
was directed to keep channels and harbors open for the reasonable demands of
commerce insofar aý; practicable by performing icebreaking operdtions. In response
to a determination that the national interest would best be served by concen-
trating all icebreaking resources in one agency, the U.S. Navy transferred its
icebreakers to the Coast Guard in 1965. 0
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TABLE IV-XL
CATEGORIZATION OF CATEGORIES OF ASSISTANCE

SEARCH

- None
- Failed to locate
- Located
- Rescued
- Vectored other platform
- Communications
- Safe Conduct

'- Aborted
- Navigational assistance
- Stood-by
- Escort
- Stood-by, escort

SEARCH AND PROVIDE EQUIPMENT

- Refueled
- Delivered equipment

SEARCH. PROVIDE EQUIPMENT, AND BOARD

- Dewatered
- Fought fire
- Dewatered and escort
- Reiloat and escort
- Provide doctor

- Provide doctor and escort

SEARCH, EQUIP, BOARD, AND TOW

- Dewater and Tow
- Fight fire and tow
- Refloat and tow
- Equipment, pump, and tow
- Relieve and tow

SEARCH, BOARD, AND ASSIST

- Non-medical evacuation
- Medevac
- Assist personnel

SEARCH AND TOW

- Tow
- Stand-by and tow

I• IV-71
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Icebreaking services are provided for three major purposes:

- to assist in the safe and timely movement of maritime traffic;

- to prevent and control flooding resulting from ice accumulation in do-
mestic waterways;

- to support scientific research and other national interests in the polar
regions.

Because of the differences between the geographic areas in which these
activities are conducted, the 10 program can be best understood by considering
polar and domestic operations separately.

Polar Operations - In the polar regions, icebreakers escort resupply ships
into ice-laden areas, carry fuel and cargo to isolated U.S. installations,
survey uncharted waters, collect meteorogical and oceanographic data, and serve
as platforms to carry research scientists into remote areas.

Domestic Operations - One of the most important responsibilities of the
Coast Guard is to keep open to shipping domestic traffic routes and ports that
are normally utilized year-round. The Ice Operations Program also attempts to
extend navigation seasons in ice-laden areas when such extensions are considered
in the national interest. For example, the Coast Guard has been one of the
major participants in the multiagency Great Lakes season extension project. The
Coast Guard also cooperates with other agencies to prevent and control flooding
caused by ice jams. Performance of these duties requires icebreaking services
as well as the collection and dissemination of information (mapping).

Aircraft perform surveillance patrols to evaluate ice conditions and rec-
ommend ship routes through areas Ihaving ice formulation.

Potential Airship Missions

As a result of the initial review oi CoasL Guard operations, one 10 mission
is envisioned for the airship:

- Aerial Ice Reconnaissance (AIR)

As defined by the program standards, reference [64], the 1O AIR operational
ruquirements are as follows:

BIa - Arctic Alaskan Shipping 2. Three flights/week from Bering St.
Season (Type III facili- to Pt. Barrow. Three flights/week
cation) along Alaskan North Slope.

IV-72
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BIb - Sub-Arctic Alaskan Shipping 2. Average one flight/week over Bristol
Season (Type III facili- Bay/southern Bering sea area. Weekly
tation) flight over Cook Inlet/Prince Williari

Sound area.

BIIa - Great Lakes Shipping Season 3. Daily flights over critical areas.
(Type III facilitiation) Twice weekly flights over ice areas.

BIIb - St. Lawrcence Seaway Shipping 3. Average three flights/week over
season (Type III facili- Seaway.
tation)

BIIc - Northeastern U.S. Shipping 2. Flights over Penobscot and Kennebec
Season (Type II/I facili- Rivers as needed. Two flights/week
tation) I in vicinity of Long Island.

BIld - Upper Missippi R. Shipping 3. Two flights/week from St. Louis to
Season (Type II facili- Ouad. cities, Ill. January-mid-
tation) February, from St. Louis to Burlington,

Iowa mid-February to April.

Bile - Illinois R. Shipping Season 3. Two flights/week from Chicago to
(Type II facilitation) Grafton, Ill. throughout ice season.

Currently under development is the Radar Image Processor (RIP) to be used
in conjunction with the Side Looking Airborne Radar (SLAR) for the purpose of
mapping ice. Although it is still in the development stage, the equipment
associated with RIP is expected to be too large and heavy for an MRS, and there-
fore, an HC-130 would be required for ice mapping using this equipment. An
airship would be more than capable of handling an instrument package of this
expected size and weight. A problem may exist, however, in using SLAR on-board
an airship. Because of its slow speed, relative to an PC-130, the effect of
drift on the airship may increase the processing requirements to obtain the same
resolution using the same antenna. Countering this effect is the fact that, due
to the size of the airsh.'n, the size of the STAR antenna can be significantly
increased. As antenna size increases, the resolution increases. Therefore, the
two factors, slow speed and large antenna, may more than counter each other,
giving the airship a greater sweep width and possibly a greater sweep rate
(sweep width times speed) than an HC-130. A development effort to modify the
SLAR and its processor would be required to obtain optimal performance from an
airship for this mission.

The nature of 10 missions allows .rxeplanning of the operations, as
opposed to ELT, MEP, or SAR operations, UIere external factors determine the
platform requirements. The exact configuiation of the operations using airships
for 10 missions may be modified to take best advantage of the long endurance of
an airship as well as basing and operating constraints.

Again, the ability of the airship to operate at low altitudes, as well as
altitudes of up to 5,000 feet, may be useful ilL 10 operations. This allows for
close in visual observation of ice formation and also permits operation in
conditions of low ceiling or visibility.

IV-73
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Mission Profiles

Eight profiles have been specified in Table IV-XLI for the Aerial ice
Reconnaissance (AIR) mission. Based upon the program standard the following
correspondence between the profiles and the missions has been specified.

Profile Number Mission

8.1.1 Penobscot and Kennebec Rivers
Hud son River
Long Island

8.1.2 St. Louis to Quad cities, Ill.

St. Louis to Burlington, Iowa
Chicago co Grafton, Ill.

8.1.3 Great Lakes

8.1.4 Cook Inlet/Prince William Sound

8.1.5 Bristol Bay/Bering Sea

8.1.6 St. Lawrence Seaway

8.1.7 Alaskan North Slupe

8.1.8 Bering St. to Pt. Barrow, AlasKa

The determination of the task specifications is based upon the size and
length of the specific operational area. Consideration was taken of potential
airship basing in determining the transit task requirement.

These mission profiles are based upon current operating procedures which
are specified considering the capabilities of the available resources (HH-3s,
HH-5Zs, HC-130s, and HTJ-i6s). These missions could be reconfigured to optimize
the utilization of the airship.

Summary of Airship Participation in 10 Operations

The airship has great potential for Aerial Ice Reconnaissance (AIR) opera--
tions of the 10 program since this platform:

- would have sufficient range to survey most areas

- will utilize Side Looking Airborne Rader (SLAR)

- should be capable of carrying the Radar Image Processor (RIP)

Mission Definition and Analysis Conclusion

The purpose of this mission analysis was to provide a structure from which
to evaluate potential airship participation in Coast Guard prograsns. The

rI-7 4

___ _ _/__ _ _ _ _,._



NADC-80149-60

"TABLE IV-XLI

PROFILS LIST

Mission: IO DOMESTIC ICE PATROL

TA S K S

SearchI (1,000 n2mi)

o -- 0 -

I - .-- U
0 w ~ 4- oH p

Prof ile tom .qlz o
$ *r 0 Er 0 0 uDesignator E- P. m~ H C)~j

8.1.1 0 i0 25
8.1.2 0 15 30

8.1.3 0 60 I00
8.1.4 100 30 25

8.1.5 400 30 25
8.1.6 500 12 50
8.1.7 800 100 75

8.1.8 1,200 60 75
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analysis is based upon current operating procedure as performed by existing
assets. Only those missions in which the capabilities of airships could be
utilized in a manner consistent with current operations were considered. No
ccnsideration was given to mission3 that required handoff of operations from
one airship to another or to another platform type. Nor was consideration
made of operations requiring refueling or remanning of the airship, both of
which are feasible and consistent with historical airship operations. If
a mission was expected to exceed the capabilities of a single airship it was
not evaluated as part of this analysis.

*

!
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C HA PT ER V
CO0N CE PT U AL VE H I C LE S IZ IN G

A ND P E R FOR MANC E

In order to examine the concept of maritime patrol airships, it was es-
sential to arrive at vehicle point designs. The sizing and conceptual design

* process to determine technical feasibility was required in order to develop
realistic costs in the performance of maritime operations.

Based up on the mission analysis of the preceeding chapter, more detailed
specifications of eight profiles (one for each program) were generated to be
used as guidance in the point design analysis. These profiles were chosen to be

* representative of the type of mission associated with each of the programs, to
be sufficiently difficult that an design airship that is capable of the mission
profile is also capable of performing most of the other missions in the program,
and tha;i. the profile was not too demanding such that the point design airship's
capabilities would be in excess of those needed for most of the other missions.

For each of these selected profiles a script scenario was generated. These
scenarios specified each of the operations in sequence, the parnmeters associ-
ated with the operations (speed, weight, payload, etc.) and duration of the
operation. Each task from takeoff to landing was so specified. In addition, an
itemized list of payload and crew size was specified. These eight script scenarios
and payload requirements are given as Appendix D. In the upper left of each
script scenario is a description of the type of mission. The total mission
duration is given on the upper right.

The actual sizing o'f LTA vehicles, not unlike other air vehicles, is a
complicated process. R~eferences [65] and [661 aze classic airship design texts
which testify to this "act. While technology has changed, certain fundamental
vehicle considerations remain the same today. With modern numerical techniques
LTA design can be more comprehensive and can be accomplished much faster.

For MPAS the requirements of the eight representative profiles were ana-
lyzed by the Naval Airship Program for Sizing and Performance (NAPSAP). This
computer program is capable of sizing vehicles to mission requirements and then
evaluating these vehicles as the mission is performed. The influence of nearly
40 key design parameters is closely monitored. This program6 7, developed at the
Naval Air Development Center, is described briefly in Appendix C.

Table X-I summarizes the representative profile requirements. The most
demanding performance parameters for the airship are underlined in each profile.
Note that altitude significantly affects airship performance. For a buoyant
vehicle this is a function of air density - at lower altitudes where the air is
more dense, more weight can be buoyed up6' 7, 13. The large surface areas
characteristic of airships result in large amounts of skin friction drag. This
causes airships to be very sensitive to design speed. While LTA vehicles can be
propellJed faster an increasing penalty must be paid to compensate for the
increasing dragii

I_

* v-I



NADlC-8 014 9-60

I-CIA

00a

En 4

-4 0

&-4.

w z
'.0 0-

0 0.
I-'a

W to~

1-4 -44C E 00 0"0*

coo

w. 0. u .-4 C.4

od [-4 U'

0'

4- W- 1- 0

co 
000 ý40 >10

V-2



NADC-80149-60

The resulting output of the NAPSAP analysis is presented in Table V-I.
Note that since the missions were quite different a wide range of airship design
sizes resultee. Simplifying assumptions for this analysis were to fix the
vehicle fineness ratio (length over diameter) and buoyancy ratio (static lift
over total liit) based on reference [27].

The eight vehicles sized range from 282,300 ft. 3 for PSS to 992,165 ft. 3

for MSA. This size class places the maritime airship well within the bounds of
previous Navy airships6, 7. From this spectrum of vehicles the smallest airship
capable of performing all profiles was selected as the candidate for further
investigation involving sensitivity studies and costing. The vehicle selected
was sized for the MEP mission. Note that actually the MSA mission resulted in
the largest vehicle, but it was determined that the MEP vehicle could perform
the MSA mission at a lower altitude..(l,000 feet) in a satisfactory manner.
*i

The MEP vehicle or ZP-X is compared to vehicles sized to the same profiles
by two different contractors in Chapter VII.

Appendix E discusses the sensitivity of this vehicle to changes in four
major design parameters: design dash speed, design altitude, structural weight,
and total drag coefficient.

V-
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CHAPTER V I
ESTIMATED LIFE CYCLE COSTS

AND LOGISTICS

INTRODUCTION

The estimation of the costs of building a modern airship is tentative at
best. Cost data available for constructing and operating airships is based upon
30-year-old technology. The cost estimates cootained in this section are based
upon projections of historical data and by comparison of cost of construction
and operation of modern heavier-than-air craft.

The only available data for curent operations of airships are associated
with the operations of the Goodyear advertising airships. These data are
probably not applicable because of the nature of the cperations and the tech-
nology of the airuhip involved. The Goodyear airships (GZ-20) are a World War
I! design and do not reflect the significant advances made in materials and
aeronautical technology in the last 30 years. The British AD-500, an airship
which inccrporated some of the technological advances such as vectored propul-
sion and molded composite structures, was successfully flown in February of
1979.

All of the data used in this section are based upon the extrapolation of
cost data generated in other recent studies. All references are cited. Two
costing approaches are used. Life Cycle Cost (LCC) and Stendard Rate Costs.
LCC are emphasized but standard rates are also calculated, based upon Coast
Guard procedures.

Life cycle costs are herein defined as the stm of research, development,
test, and evaluation (RDT&E), investment and operating costs. For the purpose
of the cost benefit analysis these costs are prorated on the basis of the total
number of operating hours in the lifetime of the airship. Standard rates are
the bum of the actual operating and maintenance costs, actual personnel cost,
overhead and administrative costs, and depreciation costs 6 8 , calculated for each
hour of use of the vehicle.

LOGISTICS

Basing and Maintenance Facilitiea

Based upon a preliminary estimate of the total Coast Guard mission require-
ments, a potential annual utilization of airships is between 100,000 to 125,000
hours per year. If we assume that each airship flies 2,400 hours per year, a
requirement of from 42 to 52 airships is established. If geographic distri-
bution of airships similar to the MRS basing is assumed, there would be nine
ai-zship bases. If each base has five airships, a total of 45 airships for
operations would be required. An additional five airships would be purchased
for training, research and development, and ready spares, making a total buy of
50 airships.

VI-l
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The locations of the nine MRS bases is given in Table VI-I. This study,
being a first order study, has not evaluated the real estate requirements of the
airship operations and the analysis of the availability of the real estate at
the MRS bases. In that the Maritime Patrol airship is expected to be VTOL
capable, the area required for their operation should be minimal, primarily
consisting of a mooring circle for each airship plus facilities for Aerospace
Ground Equipment (AGE) and Ground Support Equipment (GSE).

Hangar facilities will not be provided at each base. Hangars will exist at
depot maintenance facilities. The procedure of mooring the airships without
hangar facilities at each base is consistent with many World War II operations
and the operations of the Goodyear advertising airships. The major concern of
not havilLg hangars is associated with weather phenomena. At the more northern
bases, equipment for the removal of snow and ice from the airship envelope will
be required. In the event'of very severe storms or hurricanes, the airships
should be flown from the area as are heavier-than-air craft. The airships can
weather less severe storms by being flown at their mooring masts.

Routine maintenance would be provided at the mast. For major maintenance
operations and overhaul, two depot maintenance facilities would be required, one
on the Each Coast and one on the West Coast. The government still owns airship
facilities at Moffett Field, California; Tustin, California; and Lakehurst, New
Jersey. These facilities would require modernization and negotiation with the
present users (U.S. Navy) to obtain access.

Availability and Utilization

Based upon current Coast Guard requirement that restricts aircrews to 800
hours flying time a year, it will be assumed that three crews are required per
airship, and that an airship will be utilized for 2,400 flight hours per year.
This is equivalent to 27 percent missicn utilization.

Typical utilization for long range commerical aircraft are 42.5 percent,
37.9 percent, and 31.5 percent for the B-747, DC-10, and L-1011 respectively.
These averages are based upon the cumulative experience of 12 U.S. airlineS4.

In addition to actual mission time, service time is required before and
after each flight, as well as overhaul time and general maintenance. Table VT'-
II provides a breakdown of the annual utilization of the Maritime Patrol air-
ship•l (modified for the projected utilization of 2,400 mission hours annually).
The airship is expected to be available for missions or on missions 89 percent
of the time and will be unavailable due to scheduled or unscheduled maintenance
11 percent of the time.

The airship will be assumed to have a 12-year lifetime. The envelopes of
the Goodyear advertising airships are replaced every eight years. The use of
modern materials is expected to extend the expected life of the envelope. The
car would be refurbished at the time of the envelope replacement. There is no
residual value associated with the car at the end of the 12-year lifetime. With
the assumption of 2,400 flight hours annually, the airship will have a total of
28,800 flight hours over its 12-year lifetime.

Vl-2
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TABLE VI-I
MRS BASES

Astoria, Oregon

Sacramento, California

corpus Christi, Texas

Mobile, Alabama

Miami, Florida

Elizabeth City, North Carolina

Cape Cod, Massachusetts

Traverse City, Michigan

Borinquen, Puerto Rico

Ip
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TABLE VI-II
ANNUAL UTILIZATION

27.4 Percent - Mission

4.1 Percent - Services

7.0 Percent - Maintenance

61.5 Percent - Ready

VI -4
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Crew Requirements

Based upon the analysis of Coast Guard mission requirements, the expected
endurance of a mission will vary from a few hours to over 30 hours. Table VI-
III gives the size of the crew as a function of mission duration. The composi-
tion of the crew is given in Table VI-IV as a function of crew size.

To accommodate the various crew sizes, the Maritime Patrol. airship is
assumed to have a car of modular design. This is consistent with the Goodyear
advertising airsiip where the passenger seats can be replaced with equipment for
the advertising "night sign," or by television equipment and crew for coverage
of sporting events. This is also true of modern commercial aircraft, e.g., B-
747. Because of its historical habitability and ease of control, the operation
of an airship is not very fatiguing and, therefore, can be handled by a rela-
tively small crew.

Life Cycle Costs

The category breakdown of the Life Cycle Costs (LCC) for airships is given
in Table VI-V. Three categori.~s are given: contract investment cost (those
costs associated with the initial procurement); non-contract investment costs
(the cost of those items that must be obtained but are not inc1 uded in initial
procurement); and operating and support costs.

The contract investment costs have three major components: RDT&E, in-
vestment, and helium. These can, and have been, combined into one cost which
will be associated with the unit acquisition cost. While the RDT&E cost could
be calculated, it is easiest to specify it as a percentage of the first unit
production cost. It is assumed, in this study, that RDT&E is equal to the first
unit production costs. Helium costs are also included in the estimate of the
unit production cost.

The non-contract investment costs are associated witb capital and start-up
costs not included in the procurement of the airship. This includes spare
parts, initial training, operating bases, and equipment. The cost of spare
parts is included in the estimate of the unit acquisition costs. The major
training cost is associated with the procurement of training devices and training
airships. This cost will be accounted for as a percentage of the airship acqui-
sition cost. Facilities costs are determined separately.

Operating and support costs are associated with the daily operation of the
airship. These include operating personnel costs, maintenance costs, fuel
costs, and helium costs. The estimates of these costs are based upon operating
experience of the Coast Guard and the Navy for small aircraft.

Unit Acquisition Costs

The evaluation of acquisitlon costs are based upon estimates made ii) recent
studies. Due to the gap in the development of LTA technology, it is uot pos-
sible to obtain a comprelensive analysis of these costj. The RDT&E and produc-
tion costs specified in this section are based upon Cost Estimating Relationships

VI-5
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TABLE VI-III
CREW SIZE

MI SION,.DURATION CREW SIZE

- 10 hours 5

10 -20 hours 8

More than 20 hours 13

VI-6
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TABLE VT-TV

GREW COMPOSITION

CREW SIZE
POSITION RANK 5 8 13

Pilot CDR

Pilot LCDR 1 1 1

Co-Pilot LT 1 1

Co-Pilot LTJG 1 1

COM/NAV CPO 1 1 2

Radar/Sensor Operator POI 1 3 4

Visual Observer/Rigger P03 1 3

VI-7
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TABLE VI-V
LIFE CYCLE COST COMPONENTS

CONTRACT COSTS

RDT&E

Airframe
Power Plant
Avionics

Spares
GSE Facilities
Helium

Inves ýment

Airframe
Power Plant

Avionics

Helium

NON-CONTRACT INVESTMENT COSTS

Spares

Airframe
Power Plant
Avionics
GSE

GSE

Training

Facilities

OPERATING AND SUPPORT COSTS

Personnel

Training

Facility and Organization Equipment

Maintenance

Unit Level
Depot Level

POL

Helium

$
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(CER's) developed from historical data and regression analysis of the historical
trends of heavier-than-air aircraft costs. Based upon essentially the same
data, using four different interpretations of the data, four estimates of the
production cost of a modern non-rigid airship have been obtained. Each approach
is consistent with the appropriate cited reference.

An eatimation of the RDT&E costs is more difficult. The applicability of
technological advances in heavier-than-air craft development of LTA vehicles
would have to be evaluated. The possible incorporation of light-weight, high
performance engines and composite materials, modern fabrics, etc., impact on the
design of a modern LTA vehicle. The approximate cost of RDT&E associated with
this technology remains to be determined. As estimated in each of the four
costing approaches, it is assumed that the RDT&E costs are equivalent to the pro-
duction cost of the first vehicle.

Associated with every production process is a learning curve. The unit
cost decreases with increased production due to increased efficiency, improved
procedures, and proration of set-up costs. A learning curve of 80 to 85 per-
cent 7 , 15 has been assumed for each of the four costing procedures.

The general procedure for obtaining the unit cost for a buy of N is

Unit Cost = (RDT&E)/N + (First Unait Cost) x N-(learning factor)

where:

RDT&E is the research, development, test, and evaluation cost,
assumed to be equal to the first unit cost

N is the number of units purchased

First Unit Cost is the productioa of the first unit

Learning Factor is an exponential factor that reflects the learning
experience.

The basis, therefore, of all of the costing is an estimate of the first unit

cost.

The four costing procedures used can be itemized as:

- Costing based upon speed and volume of the airship, using regression
analysis of historical airships. An 80 percent learning curve is used4 3 .

- Costing based upon airship point design analysis as calculated on a
weight basis. An 80 percent learning curve is used4.

- Costing based upon systems weights. Learning curve a function of syso-
tem6 9 .

- Cost estimates of Goodyear Aerospace Corporation for a Maritime Patrol
airship. An 85 percent learning curve is assumed4 5 .

VT-9
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Unit Cost as a Function of Speed and Volume

Reference [43] provides the formula

c = .000239s
2 5 . 1 V"3 3

where

c = first unit cost, FY-77 dollars x 106

s = maximum speed in kts

V = voluae in cubic teet x 106

For the point design airship with a 90 kt capability and a 783,696 cubic feet
volume, the first unit cost is $27.8 million.

This estimate of the first unit cost is considered excessive and, as will
be seen, not consistent with the other three approaches. There are two major

flaws with this approach. The first problem is that the regression analysis was
performed using data for both rigid and non-rigid airships. The highest speed

airships are generally rigid airships which have higher first unit costs in

relation to their displacement volume.

The second problem is that most of these airships are of the 1920's or

1930's desIgn and do not reflect the great technological advancements, especi-
ally in engine performance. In that time period, in order to increase the speed

of the airship, a great penalty was paid in propulsion weight. .To lift this
weight a significant increase in displacement volume was necessary. With the
light weight high performance engines available today this penalty does not have

to be paid.

For an airship that has a first unit cost of $27.8 million, assuming a
similar RDT&E cost and an 80 percent learning curve, the unit cost for a buy of
50 is $8.45 million. This is considered hMigh and probably, at least, represents

an upper estimate of the cost.

Unit Cost as Compared to the ZPG-X

A popular approach to analysis of the first unit production cost is based

upon the empty weight of the airship. The ZPG-X was a candidate patrol platform

in the Advanced Naval Vehicle Concepts Evaluation Study (ANVCE) 2 7 . It is a non-

rigid airship of 1.5 MCF with an empty weight of 62,300 lbs. In reference [4],
the acquisition cost of the ZPG-X was estimated on the basis of its empty

weight as compared to the empty weight cf historical airships. Sophisticated
adjustments were made to account for lighter materials, increased productivity,

and the escalation in cost of military aircraft.

In reference [44], a cost of $1,335/kg. ($877/lb.) was specified for the
first unit of the ZPG-X. Using the empty weight of 27,674 lbs. (12,553 kg.)

VI-lO
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assumed for the point design airship, we obtain a first unit cost of $16,750,000.
Assuming RDT&E equals the first unit cost and using a learning curve of 80
percent, the average unit cost for a buy of 50 is $5.1 mil.lion.

This is probably a good estimate of the airship cost. It may still be high
in that the inflation factor, used to convert the historical data associated
with the cost of building airships, is based upon military aircraft trends.
This inflation factor reflects increased sophistication in the products as well
as escalating production costs. Although the Maritime Patrol airship may be
extending the state-of-the-art in airship design, it is expected to use off-the-
shelf aircraft and materials technology. Its actual inflation factor is prob-
ably more like that of commercial aircraft, which is must less severe.

Cost Based Upon System Weights with Variable Learning Curves

The third approach used in evaluating the unit cost of a buy of 50 airships
is similar to the previous approach except it breaks the airship down by sub-
system and varies the learning curve by subsystem. The same basic historical
data with corrections for productivity, technology, and inflation are used in
this approach as were used in the previous approach.

In reference [67], the first unit costs and unit cost for a buy of 5, 10,
20, 30, and 50 are specified on the basis of airframe, propulsion, and systems
costs. The costs for the first unit and for 50 units for the three component
systems are summarized in Table VI-IV. For the point design airship the compo-
nent weights are:

Structure - 18,447 lbs.
Propulsion - 4,985 lbs.
Systems - 4,242 lbs.

This gives the first unit cost of $11,350,000. Assuming RDT&E is equal to the
first unit cost and using the costs for a buy of 50 from Table VI-IV, the unit
cost for a buy of 50 is $3.9 million.

This is probably a low estimate of the airship cost. The data used to
generate these cost numbers and learning curves is based upon rigid airship
construction costs. The learning curve for rigid airships, especially structure
costs, is probably steeper than for non-rigid airships.

Cost Based Upon Goodyear Estimates

The final approach to obtaining the acquisition cost of a maritime patrol
airship is based upon a first cut estimate of the cost of such an airship by
Goodyear Aerospace Corporation45. Their estimate is for a buy of 20 assuming an
85 percent learning curve. By extending this buy to 50 a unit purchase price of
$5.04 million is obtained (assuming the same 85 percent learning curve).

Assumed Unit Acquisiton Cost

The different approaches to the acquisition costing have produced four
different estimates which are summarized in Table VI-VII. The range of costs is
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TABLE VI-VI
COMPONENT SYSTEMS COSTS

1st UNIT COST UNIT COST FOR 50
SYSTEM ($/lb) ($/lb)

Structure 412 112

Propulsion 336 143

Systems 490 209

1

$
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TABLE VI-VII

ACQUISITION COST SUMMARY

FIRST UNIT RDT&E UNIT COST
COST FOR A BUY OF 50

APPROACH $ MILLION $ MILLION $ MILLION

Speed/Volume

Regression 27.8 27.8 8.45

Empty Weight 16./iL 16.75 5.1

Component
Weight 11.35 11.35 3.9

Goodyear
Estimate 5.04

I

I

i

I
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from $3.9 to $8.45 million. The first three e.timates are in 1977 dollars and
the last is 1979 dollars. It will be assumed in the remainder of this life
cycle cost analysis that the unit cost of 50 aitships is $5.0 million.

Four different costing procedures have been used, but they basically re-
flect different interpretations of the same data. These estimates are made on
the basis of cost analysis of data associated with 30 to 40 year old technology.
An attempt has been made to compensate for technology improvement, increased
productivity, and inflation.

The inflation factor applied to these historical costs is based upon mili-
tary aircraft experience. While some of the factors reflect general increased
in the cost of living and the cost of improvement in technology, much of this
factor reflects increases 'in performance and sophi,.tication of military air-
craft. The historical inflation factor for commercial airk:raft is not as great
as that for military aircraft.

Another assumption that impacts on the acquisition cost estimate is that
the RDT&E cost is equivalent to the first unit production cost. ThiE is low by
historical standards. However, the basic design of the Maritime Patrol airship
is not radically different from traditional non-rigid airships. The major
requirement is the transfer of current aerospace technology to the design and
production of a modern airship.

The estimate for the Maritime Patrol airship is a first estimate, and an
effort was made to utilize previous cost analyses and to be as consist.ent with
the approaches (as detailed in the references) as possible. A 10 percent or
even 20 percent error in the acquisition cost should not significantly Jmpact on
the cost analysis of the mission profiles presented later in this report,

Facilities Cost

In addition to the airship acquisition cost, the cost of building bases and
modifying existing facilities is included in the investment cost.

Table VI-VIII provides an estimate of the cost of building facilities for
airships at existing Coast Guard bases. The basing cost ($3,442,000) prorated
over five airships per base, adds an investment cost of $688,400 per airship.
Assuming that the airships will be based at existing Coast Guard facilities, the
cost of real estate has not been included. Hangar costs also have not been
included. It is assumed that at the bases, airships will be moored at the mast.
Hangars will only be considered at maintenance depots as previously indicated.

In addition to basing, maintenance facilities would be required. Two
maintenance depots (one on the East coast and one on the West coast) could be
set up at existing airship facilities. However, all of these have been adapted
for other purposes and would require improvement. Table VI-VIX gives an esti-
mate of the cost of modernizing Moffett Fie]d and Lakehurst15

VI-14
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TABLE VI-VIII
GSE/AGE PER BASE

FIVE AIRSHIPS/BASE

EQUIPM~ENT UNIT COST TOTAL COST

Helium Trailer 1 @ $107,000 $ 107,000

Fuel Truck 2 @ $ 51,000 $ 102,000

Ballast (Water Storage) 2 @ $ 45,000 $ 90,000

Stick, mast. 5 @ $190,000 $ 950,000

Mooring Circle 5 @ $343,000 $1,715,000

II

Personnel Carrier 1 @ $ 29,000 $ 29,000

Helium Sto~rage $402,000 $ 402,000

P.O.L. $ 40,000 $ 40,000

$3,442,000

II

¶i

Ii

£i
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TABLE VI-VIX
COST OF MODERNIZATION OF DEPOT FACILITIES

(1977 Dollars)

LOCATION MOFFETT FIELD LAKEHURST

Hangar $ 432,000 $3,000,000

Mooring Circle 2,725,000 2,725,000

Perm. Mast 670,000 670,000

Helium Facility 402,000 268,000

Addn. Helium Storage 402,000 402,000

P.O.L. 40,000 40,000

TOTAL $4,721,000 $7,105,000
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The total cost ($11,960,000) of improving these two facilities must be
prorated over the total buy of 50 airships. Therefore, the investment cost per
airship associated with the modernizing the maintenance facilities is $239,200.

The training category included under non-contract investment costs is
primarily associated with the construction of facilities and equipment for
training personnel in the operations and maintenance of airships as well as the
cost of instruction. An example flight training curriculum is given in Table
VI-X. In establishing the number of airships required for Coast Guard opera-
tions, five airships were provided for research and development and training.
In addition to trainer airships, equipment costs for training may include flight
simulators and other training devices. Assuming that the five extra airships
are not exclusively used for training, and the additional training devices must
be purchased, a cost increment of 10 percent of the untt acquisition will be
assumed for investment training costs.

Total Investment Cost

All of the components of the investment costs have been specified. The
unit acquisition cost including RDT&E, helium, and spares is $5 million. Facili-
ties cost for both bases and maintenance facilities including GSE is about
$900,000 prorated for each airship. The initial training cost is $500,000.
Therefore, the total investment cost is approximately $6.4 million per unit.

Operating Costs

In this analysis we w'll concern ourselves with the personnel, maintenance,
and consumable costs. Facility and organization equipment maintenance costs
have not been included in this analysis becaused they are comparable to the
costs of other air platf~orm costs. All other cost estimates are based on Coast
Guard or Navy experience in operating aircraft.

Personnel Costs

The single largest cost of operating an airship is the cost of personnel.
The crew size is a function of the ex.pected duration of a mission and has been
specified in Table VT-TV. The annual cost for each member of the crew based on
rank is given in Table VI--XT. These adjusted costs for the pay and allowance
budget are based on reference [701.

Based upon current Coast Guard restrictions of 800 hours on flight hours,
for 2,400 hours of operation, three flight crews would be required per airship.
Because of the relative hzibitability and ease of operation of airships this
800 hour restrition could be modified or eliminated. Table VI-XII gives the
hourly crew cost for the three crew sizes assuming an 800 hours/year restric-
tion, a 1,000 hours/year restriction, and the actual hourly rate assuming 2,920
working hours a year. The latter costs are equivalent to the method used in
determining the Standard Rate of Operation for a Coast Guard vehicle. Addi-
tional discussion of the Standard Rate is included in a later section.
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TABLE VI-X
EXAMPLE FLI'3HT TRAINING CURRICULUM

LTA Familiarization

Primary Airship Ground School Course

Advanced Airship Ground School Course

Airship Flight Training
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TABLE VI-XI
CREW COST ($80)

POSITION RANK COST

Commander CDR $62,000

Pilot LCDR 57,400

Co-Pilot LT 49,400

Com/Nav. POI 29,700

Radar Op. PO1 29,700

Sensor Op. PO0 29,700

Vis. Observer/Rigger P03 22,100

3| VI-19
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TABLE VT-XII
PRORATED CREW COST

HOURLY COST ($)

ENDURANCE TOTAL 800 1,000 2,920 HR/YR
(HR) CREW SIZE COST ($) HR/YR HR/YR (STANDARD RATE)

<10 5 188,300 235.38 188.30 64.49

10 <20 8 288,700 360.88 288.70 98.87

>20 13 454,300 567.88 454.30 155.58
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From Table VI-XII it is seen that there is a large variation in the crew
cost as a function of assumed flight hours. The costs based on the Standard
Rate and the costs assuming an 800 hour restriction differ by a factor greater
than three. It should also be noted that a high penalty is paid, because of the
flight restriction, on long endurance missions. Although the members of the
crew are actually on duty less tharn half of the time for missions of greater
than 20 hours, the total mission time is accredited against the flying time
allowance. For long enduraLce missions crew operation requirements are more
like ship operations than aircraft operations.

Replacement Training

Under operating costs is the cost of training any replacement of the flight
crew or maintenance crew. 'We have assumed that there is a complete changeover

of personnel on an average of every eight years. Based up-on an initial training
cost of $500,000 and this estimate of turnover, the average replacement training
cost per airship is $62,500 or $26.04 per flight hour.

Maintenance Costs

For this analysis, maintenance is divided into two categories: direct
maintenance and overhaul. Direct maintenance wfill be handled at the airship
bases. Overhaul will be handled at an overhaul facility, i.e., Lakehurst or
Moffett Field.

The oiaintenance of an airship is an area in which improvement in technology
will have 3ignificant impact. With the increase in reliability of the systems
and the advent of sophisticated electronic test equipment, there can be little
comparison between the historical airship maintenance requirements and the
maintenance of a modern airship. Estimates of maintenance requirements, there-
fore, will be based on projections derived from current aircraft experience.

Direct Maintenance

The direct maintenance cost estimate is based upon the analysis of three
platforms:

- The projection for a new Coast Guard Short Range Rescue (SRR) helicopter 7 1

- Analysis of the ZPG-X for the Advanced Naval Vehicles Concepts Evaluation
Study (ANVCE)4

2

- Experience for the P-3C naval patrol aircraft 1 5

The new SRR (a small helicopter designed to replace the 1-I-52A) is projected to

require four maintenance manhours per flight hour (CLMH/FH). A helicopter pro-
vides a more rugged operating environment with greater stress on its components.

Table VI-XTII is a summary of the proj2cted maintenance requireme.±nts for
the ZPG-X which at 1.5 million ft 3 displacement is twice the displacement of the
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TABLE VI-XIII
DIRECT MAINTENANCE SUPPORT REQUIREMENT,

MAN-HOURS/AIRCRAFT-MONTH
1,000 HOUR UTILIZATION

(REFERENCE [42])

1990 IOC - PEACETIME

SHOP SMI UM_ 2  SS__3 uS (0) -(1 TOTAL

POWER PLANT 4.3 48.0 9.8 31.2 93.4 29.2 122.3
STRUCTURES 1.8 19.9 4.1 13.0 38.7 12.1 50.9

HYD/PNE 0.1 1.0 0.2 0.6 1.9 0.6 2.6
ELECT/INST 1.4 16.8 3.2 10.3 30.7 9.6 40.2

COM/NAV 2.3 25.2 6.1 16.4 49.0 16.3 64.3

AVIATOR EQ. 1.2 13.1 2.7 8.5 25.6 8.0 33.6

TOTAL 11.1 123.0 25.1 80.0 239.1 74.8 313.9

IScheduled Maintenance2 Unscheduled Maintenance
3Scheduled Suppurt
4Unscheduled Support
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point design maritime patrol airship 2 . In Table VI-XIII, (0) and (I) stand for
differing levels of maintenance. Level (0) maintenance is performed on-board
the airship. Level (I) maintenance refers to repairs requiring removal of
components from the airship at the airship base. Based upon this analysis it is
estimated that 3.77 maintenance man-hours are required for each flight hour (83
flight hours per month).

The P-3C is a naval patrol aircraft used for long duration anti-submarine
warfare (ASW) operations. The maintenance man-hour requirement for the i-3C is
included in Table VI-XIV. Excluding avionics, the P-3C requires 3.94 main-
tenance man-hours per flight hour. The maintenance requirements for the P-3C
avionics is very high. Most of this is associated with the sophisticated ASW
equipment.

Based upon a comparison of these figures, it is estimated that the main-
tenance requirement for the maritime patrol airship is 4.0 MMH/FH.

Included in the maintenance requirement is the need for ground handling of
the airship during takeoff and landing. In that the Maritime Patrol airship is
assumed to have a hover capability, the ground handling requirements should be
significantly less than the historical requirements. It should be possible to
handle the airship with three or four men, however, it is assumed there is a
ground crew of eight. It is also assumed that the airship will make approxi-
mately 100 takeoffs and landings per year and that it Lakes one-half hour for
each landing or takeoff. Therefore, 800 man-hours are spent for ground crew
operations per airship per year. Based upon 2,400 flight hours per airship per
year, this comes to .33 ground crew man-hours per flight hour.

The ground crew is part of the maintenance crew. The exact positions and
rank for the maintenance has not been identified. To be conservative in costing
the maintenance personnel, twice the average enlisted salary was used, $23,200/
year. Assuming an average manpower utilization of 2,000 hours, the cost of
direct maintenance per flight hour is $46.40.

Some of the routine maintenance could be handled by the flight crew, both
during flight operation and on the ground. In that there currently is an annual
limit of 800 flight hours per crew menber, o majority of the time the crew is
available Eor other duties. It will be assumed that 50 percent of the main-
tenance can be handled by the flight crew. Therefore, the additional life cycle
cost for direct maintenance will be assumed to be $23.20 per flight hour.

Overhaul

Overhaul will be performed at designated facilities such as Lakehurst,
Moffett Field or equivalent facilities. These facilities will have hangars in
which the overhaul operations will be performed. The cost of upgrading these
facilities has been accountcd for in the investment cost.

The estinate of overhaul costs is based upon analysis of helicopter repair
and projecticns of the SRR costs. Based upon analysis of the Coast Guard

V -
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TABLE VI-XIV

DIRECT MAINTENANCE REQUIREMENTS

BASIS ESTIMATE

SRR 4 MMH/FH

APJ Estimate41  3.69 MMH/Fti

P-3

Airframe 3.20 MMH/FH
Power Plant .74 MMH/FH
Avionics 7.13 MMH/FH

Maritime Patrol
Airship 4 MMH/FH

V -
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Maintenance Management Listing, for both the Ih"H-3F and the HH-52A, 12 percent of
the maintenance time is spent on repair of the rotor head and associated equip-
ment.

It has been projected that the SRR will cost $117.64 per flight hour for
maintenance. Assuming that 12 percent of this cost is associated with the
rotor, the overhaul cost of the SRR minus the rotor is $104.78/FH. The expected
lifetime utilization of the SRR is 10,500 flight hours. Over its lifetime an
equivalenL .A 74 percent of the SRR's initial cost is expended on overhaul.
When RDT&E costs are Included in the initial cost, the equivalent cost of over-
haul, e:cluiidiig rotor, is 61 percent.

It has been assumed that the maritime patrol airship will have a life-time
utilization of greater than 2.5 times that of the SRR., The SRR is a much more
severe operating environment, with greater vibration and a higher speed of
operation. Therefore, the overhaul costs will be prorated as a function of the
initial cost plus RDT&E by a factor of two instead of the actual ratio of life-
time utilization hours. From the above, the overhaul costs for the maritime
patrol airship are assumed to be 122 percent of the initial cost, including
RDT&E of the airship or $6.1 million over its lifetime. Thio is equivalent to
$211.81 per flight hour. This is more than double the overhaul cost for the
SRR, excluding rotor maintenance, on a flight hour basis and probably is overly
cons erva tive.

Consumables

There are two major classes of consumables required for airships: POL
(petroleum, oil, and lubricants) and helium. POL consumption is a function of
the mission.

The 1979 Coast Guard prices for JP4 and JP5 were 55¢/gal. and 63¢/gal.
respectively. Assuming the airship uses JP4 (6.91 lbs./gal.) the cost of fuel
is 8.4C per pound. This cost is expected to escalate significantly with the
price of all petrolium products. For the point design airship, based upon
current prices, POL will run between $15 and $75 per flight hour depending on
speed and heaviness.

Among all aircraft, the requirement to account for replacement of the
lifting gas is unique to airships. Due to the slight permeability of the enve-
lope, there is some loss of helium and some contamination of the helium by air.
There is also some loss c' helium due to valving of the airship under extreme
conditions. It will be assumed that one replacement volume of helium is re-
quired every two years. The cost of helium is extremely low due to lack of
demand. Its cost is $40 per 1,000 ft 3 . Most of this cost is due to trans-
portation costs. This is equivalent to a cost of $6.53 per flight hour. This
cost will probably change with the construction of large numbers of airships.
The demand will increase (including a variety of industrial applications) but
the transportation charges may decrease due to the steadier demand. This is
also an area in which modern technology may impact. Modern fabrics should have
lower permeability than the past fabrics 2 2 , decreasing the need for replen-
ishment of the helium.
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Total Life Cycle Costs

The assumptions made and the value of each of the components of the life
cycle costs have been specified. Table VI-XV gives the breakdown of these
costs. Based upon these costs, the life cycle cost prorated on a flight hour
basis runs from $750/FH to $1,150/FR. The difference in the rate depends on the
type of mission in which the airship is employed. For long endurance missions,
costs increase because of high crew costs. Righ speed operations or missions
requiring lift of heavy payload consume fuel at a higher rate and are, therefore,
more expensive.

As previously stated,, the single largest contribution to the life cycle
costs is personnel. Because of the flight hour restriction, there is a low man
power utilization. Because of the habitability of the airship, a low fatigue
factor is expected and, therefore, this restriction could be relaxed.

Based upon these cost factors, it is possible to determine the life cycle
cost of performing each mission.

Standard Rate

An alternative approach to calculating the cost of performing a Coast Guard
nission is through the use of the Standard Rate calculation. In this approach
the costs are calculated on an hourly basis for the time personnel or an asset
is utilized.

The method of calculating the Standard Rate is given in reference (68] and
summarized here:

Hourly Personnel Costs - take base pay, suabsistance, BAQ, enlisted clothing
maintenance, and governm~ent contribution to Social
Security (twice actual salary) and divide by 2,920
hours for hourly rate

Fuel - hourly rate for fuel consumed

Other - all actual operating and maintenance costs

Depreciation - the actual acquisition cost divided by the number
of years of its expected life-time multiplied by
8,760, the number of hours per year.

In determining the standard rate, the sum of personnel, fuel and other costs are
added and multiplied by 1.25 to account for overhead and administrative ex-
penses.

Using this approach, the following costs are obtained for the standard rate
of the airship:
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TABLE VI-XV

SUMMARY OF LIFE CYCLE COSTS

CONTRACT INVESTMENT COSTS

Unit Acquisition Cost (Including RDT&E) $5,000,000

NON-CONTRACT INVESTMENT COSTS

Unit Basing Cost $ 688,400
Unit Depot Facility Cost $ 239,200
Initial Training Cost $ 500,000

TOTAL INVESTMENT COSTS $6,427,600

Prorated over 28,800 hr/lifetime $233.18/FH

OPERATION AND SUPPORT COSTS

Personnel (Assuming 800 hr/yr limitation)

Crew Size
5 $235.38/PH
8 $360.88/FH

13 $567.88/FH

Replacement Training $ 26.04/FH
Direct Maintenance $ 23.20/FH
Overhaul Maintenance $211.81/FH
POL $5 - $75/FH
Helium $ 6.53/FH
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1. Personnel $ 64.49 - $155.58

2. Fuel/Helium $ 10.00 - $ 85.00

3. Other $244.14

4. 1.25 x (1,2,3) $399.09 - $610.01

5. Depreciation $ 47.56

6. Total $446.01 - $654.28

These can be compared to the rates for Coast Guard cutters, aircraft, and
selected boats as given in Table VI-XVI. For missions for less than ten hours
at low speeds, the Maritime ratrol airship is cheaper to operate than any air-
craft and all cutters except the WMEC 143. For long endurance missions (greater
than 20 hours) the standard rate for the airship is comparable to the rate of
the HU-16E and less than the HC-130s or the high endurance cutters.

VI-28
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TABLE VI-YVI
STANDARD RATES

1 2 3
PERSONNEL FUEL OTHER 1.25X(1,2,3) DEPRECIATION TOTAL

PLATFORM ($/BR) ($/HR) ($/HR) (S/MR) ($/HR) ($/HR)

WHEC 378 580.99 91. 173. 1,056.24 53 1,109.24

WHEC 327 533.51 84. 146. 954.39 10 964.39

WMEC 230 305.39 24. 119. 560.49 12 572.49

WMEC 213 270.64 ý2. 143. 557.05 10 567.05

WMEC 210 236.44 27. 80. 429.30 18 448.30

WMEC 205 270.64 27. 187. 605.80 19 624.80

•WEC 143 171.17 15. 62. 310.21 5 315.21

WPB-95 51.47 13. 84. 185.59 2 187.59

WPB-82 21.36 9. 48. 105.45 2 107.45

HC-130C 130.52 287.21 664. 1,352.16 13 1,365.16

HC-130H 130.52 287.21 314. 880.91 13 893.91

HU-16E 67.82 43.70 378. 611.90 3 614.90

HH-3F E1.31 65.65 574. 901.20 9 910.20

Hh-52A 49.60 23.13 286. 448.41 3 451.41

VI-29



NADC-80149-60

(THIS PAGE INTENTIONALLY LEFT BLANK)

V

VIl-30



NADC-80149-60

CHAPTER VII
VEHICLE CASE STUD IES

In addition to an in-house design approach MFAS was conceived to include
built-in second and third opinions as to conceptual vehicle designs to perform
the missions specified in Chapter IV. These industry opinions could then be
over-laid on the in-house design to examine areas of agreement and disagreement.
The reader will note that despite some differences in vehicle configurations,
essential features such as volumetric dimensions, empty weight, and performance
were found to be quite similar.

CASE STUDY NO. 1: GOODYEAR ZP3G46

(Goodyear Aerospace Corporation, Akron, Ohio)

The conceptual design of the ZP3G is shown in Figure VII-l. It is an
875,000 cubic foot, hover-capable airship of the non-rigid structural variety.
Its overall length is 324 feet and the maximum diameter of the envelope is
approximately 73 feet. In this configuration the propulsion units are shown in
the cruise or conventional take-off position. The forward propellers, tilt,
plus or minus 900 and the stern propulsion system tilts, plus 90' for VTOL
operation. The vehicle gross weight is 60,664 pounds with an empty weight of
33,740 pounds. The envelope is fabricated of modern Dacron and the conceptual
design uses four ballonets.

Bow stiffening and the X-type tail for the ZP3G concept are of conqentional
design. The "X" type empennage provides the necessary ground clearance for
short running taise-offs in overloaded conditions. A base structure for the fin
suspension cables is an added feature since it eliminates the fin catenary and
reduces the number of brace cables. The car is supported at the floor level by
the internal and external catenaries. A separate catenary system for the for-
ward propulsion systen divorces the power plant from the car to reduce the noise
and vibration level for the crew. Location of the forward propellers in this
position is also necessary to balance the thrust forces during the hover mode of
operation. The stern propulsion system is mounted on an inverter "Vee" tail
which tilts with the propeller. The "Vee" tail greatly improves control effec-
tiveness in both hover and low speed cruise via ruddevator deflection in the
propeller slip stream.

The forward propulsion system employs cross-shafting to maintain efficient
fuel consumption in the intermediate speed ranges and provide a one-engine-out
capability. Engines are horizontally mounted externally on pylons. The pro-
peller gear box and the rotating thrust axis mechanisms are located outboard of
the engines. Characteristics and improved control capabilities of this arrange-
ment are discussed in reference [z31.

Principle characteristics of the ZP3G conceptual design are listed in Table
VII-I. The envelope volume of 875,000 cubic feet is the design volume. With
Dacron fabric the increase in volume due to atretch is assumed to be 2 percent.
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TABLE VII-I

MAJOR CHARACTERISTICS

Envelope Volume 875,000 Cu Ft
Ballonet Volume 216,250 Cu Ft
Fineaess Ratio 4.40

Beta Factor .86
Static Lift @ 2,000 Ft Altitude 52,164 Lb

Dynamic Lift 8,500 Lb
Maximum Gross Weight 60,664 Lb
Weight Empty including Fixed Mission Payload 38,160 Lb

Useful Load 22,504 Lb

Power Plant

(3) Allison GMA-500 800 Shp Ea.

VII-3
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A ballonet volume of 216,250 cubic feet permits the airship to fly missions at
5,000 feet altitude. Under standard atmospheric conditions it limits the bal-
lonet ceiling to 9,700 feet.

The gross weight of 60,664 lb. could be increased 3,200 lb. when a vectored
thrust STOL operation is desired. This, in turn, would increase the useful
payload to 25,704 lb.

The performance summary is listed in Table VII-Il. Maximum apeeds are
taken at sea level using the take-off thrust of all engines. Range is listed at
40 and 50 knots minimum speed. Although the 40 knot velocity obtains an addi-
tional 100 nautical miles; the 50 knot reduces flight time by 25 percent.

For conventional take-off the vehicle attitude assumes a maximum pitch
angle of 6V to assure a margin of safety for tail clearance. The performance
for acceleration and deceleration uses maximum power at sea level. To accele-
rate from zero velocity the airship is considered to be neutrally buoyant. For
the time to decelerate, from the 97 knot maximum speed, a six second transition
phase is assumed to change the propeller from zero to full reverse thrust. In
the table, range and endurance assumes that the vehicle is operating at the
2,000 ft. altitude with a useful payload of 6,370 lbs. Lift-off is STOL with
vectored thrust and the performance is based on 90 percent of the maximum fuel
load of 23,750 lbs. Figure VII-2 presents a possible configuration of the ZP3G
car. The basic car is over 70 ft. long and 7.5 ft. wide. It provides for
maximum crew facilities, the large radar, and a winch for towing or hoisting.
This particular configuration shows provisions for carrying an inflatable 15 ft.
boat with a 70 horsepower outboard motor. The boat is raised and lowered with
two hydraulic utility winches with access to the boat made through trap doors in
the car floor.

"fable VII-III presents a summary weight break-down for the ZP3G41. A
matrix showing performance adequate for all design missions is presented as
Table VII-IV. From the wide variation in take-off conditions such as heaviness
for the different missions, it is evident how much an optimized design is influ-
enced by its design mission.

The ZP3G, is a near-term low-risk conceptual design. The envelope is of
modern Dacron fabric; most of the rigid structure is state-of-the-art aluminum
of steel alloys, and the engines for the propulsion system start PFRT (pre-
liminary flight rating tests) in October 1979. The design provides improvements
in slow speed control and incorporates a vertical take-off and landing capa-
bility. At sea level, in the neutrally buoyant condition, the top speed is 97
"knots. The maximum ferry range is 3,407 nautical miles with a 4,420 lb. fixed
onboard payload, a crew of six, and provisions for five days. Lift-off weight
of the vehicle less fuel is 40,110 lb. Maximum endurance with the same payload,
at a 25-knot minimum speed is 101 hours. The low-speed control of the ZP3G
provides the capability to tow an acoustic array for passive ASW screening
operations. It also permits towing a disabled ship with up to 400-ton displace-
ment at 6 knots. This displacement would approximate a ship 120 ft. long with a
26 ft. beam.

VII-4
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TABLE VII-I1

ZP3G PERFORMANCE SUMMARY

MAXIMUM SPEED (8,500 LB HEAVY) 94 KNOTS

MAYXIMUM SPED (8,500 LB HEAVY, REAR ENGINE ONLY)
(MAXIMUM CONTINUOUS POWER) 52 KNOTS

MAXIMUM SPEED (NEUTRALLY BUOYANT) 97 KNOTS

RANGE @ 40 KNOTS > 3,407 N.M.

RANGE @ 50 KNOTS > 3,290 N.M.

BEST CLIMB VELOCITY 71 KNOTS

PATE OF CLIMB AT MAXIMUM POWER 3,375 FT/MIN.

RATE OF CLIMB LIMITED BY AIR SYSTEM 2,400 FT/MIN.

CONVENTIONAL TAKE-OfF DISTANCE (8,500 LB HEAVY) 1,025 FT.

VELOCITY @ LIFT-OFF 50 KN

DISTANCE TO CLEAR 50 FT. OBJECT 2,400 FT.

VELOCITY @ CLEARANCE HEIGHT 65 KN

TIME TO ACCELERATE TO 40 KNOTS
(NEUTRALLY BUOYANT) 15 SEC.

TIME TO ACCELERATE TO 92 KNOTS
(95 PERCENT MAXIMUM SPEED, NEUTRALLY BUOYANT) 64 SEC.

TIME TO DECELERATE FROM 97 KNOTS TO 0
(NEUTRALLY BUOYANT) 55 SEC.

ALTITUDE LIMIT 5,000 FT.

BALLONET CEILING 9,700 FT.

ENDURANCE > 25 KNOTS 101 HRS.

VII-5
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TABLE VI-III
ZP3G WEIGHT BREAKDOWN

LBS

Envelope 11,605
Empennage 3,030
Car 4,293
Landing Gear 818
Pressure System 1,188
Surface Controls 1,062
Ballast System 510
Outrigger and Carry Through 2,711
Fwd Propulsion 1,726
Aft Propulsion 2,146
Fue. Sysiem 1,586
Furnishings and Equipment 3,C65
Fixeu Payload 4,420

TOTAL 38,160

*See Appendix A for more detailed weight breakdown.
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CASE STUDY NO. 2: BELL MPA 4 7

(Bell Aerospace Textron, New Orleans, Louisiana)

A basic configuration (Figure VII-3) was assumed having the general fea-
tures detailed in the following paragraphs. The gross weight is 65,274 pounds
and empty weight is 33,019 pounds. The envelope volume is 858,437 cubic feet.
The airship was assumed to be a non-rigid pressure airship with conventional
ballonets fore and aft, internal suspension system, nose stiffening, and an
empennage (and X-tail is shown in Figure VII-3). A prime envelope fabric can-
didate is the standard Dacron-neoprene, aluminized on the outside. Other enve-
lope candidates would inrclude laminated mylar fabric/aluminum foil composites,
as well as Kevlar-reinforced materials.

The four turboprop propulsion units are less conventional. They incorp-
orate reversible thrust, and both the turbine engines and propellers are tilted
from vertical to horizontal for forward flight, and vertical for hovering,
taxiing, or VTOL. Lateral thrust components for precision hover in crosswings
is obtained by vectoring the propeller thrust from the hub, or by cyclic pitch.
To permit the tilting of the engines and propellers, they are mounted outboard
on out-riggers. These propulsion units would be similar to those used on the
XV-15 (Bell Model 301) aircraft. To provide the desired pitch and yaw control,
the rotors must be located an appreciable distance apart. A rigid structure is
provided between the propulsion units.

A tricycle landing gear is unpK)yed, consisting of a single wheel under the
fcrward end of the car and two otherv at the aft end, and is retractable. Each
wheel .,; .astered. Using downward and hori.zntal thrust components, ýhe airship
can be hield stable on the ground and taxled to a mooring mast or even into a
hangar in moderate crosswinds.

An advanced automatic .oorint1 system is j:cposed for the airship. Although
batten stiffening wIll be used on the airship nose, the conical mooring mast
that will be ised appears to be the soft-nose mooring mast which has been devel-
oped f )r tethered balloonM. As shown in Figoriro VII-4, the patrol airship, with
its h .gh degree of hove,: unad taxi precisioai, is nosed into the cone of the
m-oting mast, which guides the nose to the center <o that the nose cone spike of

ie airhip aaLes ano locks itto a ie.male fitting at the apex of the cone.

The corte with thu ti-shI.p is then ree to warm 360 degrees of azimuth. An
aft tia-dowt line for thr. rirship would usa a hook running on a circular track.
Thiii toa-down houk would attach to t.he aft landing gear tc prevent kiting (see
Figuro VII-5).

The Ciell 4PA desngn inr.ludes a flo~ltio:' systmu to permit water landing at
swa (Fipxur VIf-6), Inflat-able, retx'ictabiv, vertic.3 1 Lloats are also con.-
uidera.d because of their inheLrnu stablity i, L1oL'toln de•vices. For addud
flotation stability oei anchors may bw deployed 'mud r•tVacted automatically as
part or the vertical float deployment and retraction. The floats are attached
to both the umin avid noa gears. Sea anchors arf oxten. A'u.l feow nous and taiii
locations L, develop pitching stahilit 7 In rougt,-wafrer condiL ionu.

I I [- I.")
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The MPA may either take off vertically with the rotors thrusting directly
upward, or it may make a conventional running takeoff down a runway with the
rotors in a horizontal-thrust position. By inclining the rotors at some forward
angle, a running takeoff with an extra-heavy load could be made, using dynamic
lift from the envelope to augment the buoyant lift and the vertical-propulsive-
thrust component. The length of the takeoff would be a function of the amount
of overload; however, most overload takeoff lengths would be relatively short
(on the order of hundreds of feet rather than thousands).

In flight, the airship is initially heavy, and is flown at a positive angle
of attack to provide dynamic lift to offset che heaviness in the ccnventional
mariner, with engines providing horizontal thrust. If needed, some upward tilt
of the engines may be employed. As fuel and supplies are consumed, the airship
becomes lighter, reaching neutral buoyancy when about 60 percent of the fuel has
been used. The angle of attack is reduced to maintain equilibrium, becoming
approximately zero at neutral buoyancy, and is made negative to provide negative
dynamic lift as the DPA becomes lighter than air. If necessary (e.g., at low
speed), the rotors can be given a tilt to provide a downward component of thrust.
Maximum forward speed is obtained when the airsh!tp is neutrally buoyant and the
rotor thrust is parallel t,) the axis of th.a airship.

Landing is the reverseý of takeoff. Nagative thrust is used when the air-
ship is light, and a lateral component of this thrust counteracts wind during
hover and landing. It is also used for ground-taxi control.

Table VII-V presents the major characteristics of the Bell MPA design.
Table VII-VI provides an empty weight breakdown. The basic, key features of the
Bell MPA are low-speed control, ground taxi capability, elimination of the need
for ballast or' ballast transfer, and a sea anchor and float combination. These
features are primarily a result of a concept using the :ilt-quad-rotor reversible-
thrust propulsion system.

For summary purposes The conceptual designs presented as cases studies 1
and 2 are compared with the conceptual design generated by in-house efforts
(discussed in Chapter V). Table VII-VI presents the comparison by highlighting

major geometric and perfurmance characteristics of all three conceptual LTA
vehicle designs.

Several distinctions are apparent as these three designs are examined.
Table VII-VIII summarizes thil major differences. Note that the primary dis-
tinction (since size is nearly the same) Is the lesser buoyancy ratio for the
Bell vehicle. This provides a greater load zarryiitg capacity (increased gross
weight due to additioti.'n dynamic lift) but ac the prcice of twice the insLalled
power.

II
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TABLE VII-V
MAJOR CHARACTERISTICS

Envelope Volume 
858,437 Cu Ft

Ballonet Volume 
223,194 Cu Ft

Fineness Ratio 
4.5

Beta Factor 
.73

Static Lift @ 2,000 Ft Altitude 44,658 lbs
Dynamic Lift 

17,917 lbs
Maximum Gross Weight 

65,274 lbs
Weight Empty 

33,019 lbs
Useful. Load 

32,256 lbs
Power Plant (4) 

1,077 each
Maximum Speed 

104 knots
Design Altitude 

5,000 feet

VIL-15
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TABLE VII-VI

BELL MPA EMPTY WEIGHT BREAKDOWN

Envelope 13,854 lbs
Empennage 1,569 lbs

Car 3,000 lbs

Lending Gear 4,006 lbs

Pressure System' 1,565 lbs

Surface Controls 1,061 lbs

3allast System 0 lbs

Outriggers and Internal Support 2,834 lbs

Propulsion 4,685 lbs

VII-16
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TABLE VII--VII
COMPARI3ON OF MPAS CONCEPTUAL POINT DESIGNS

ITEM GAC ZP3G BAT M'PA2 NADC ZP-X

Envelope Volume 875,000 858,437 783,696
Length 

324 326 305
Diameter 

73.4 72.4 69.3
Static Lift @ 2,000 Ft. 52,164 44,658 44,243
Dynamic Lift 8,500 17,917 7,638
Horsepower Required 2,400 4,306 1,927
Gross Weight 60,644 65,274 54,554
Empty Weight 33,740 33,019 27,674
Useful Load 22,504 32,256 26,880
Buoyancy Ratio .86 .73 .86
Max. Altitude 10,000 10,000 10,000
Kax, Speed 97 104 90

'Goodyear Aerospace Corporation
2Bell Aerospace Textron

VII-17
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CHAPTER VIII
EFFECTIVENESS ANALYSIS

INTRODUCTION

The mission analysis has established that there is a potential for uti-
lizing airships in Coast Guard missions. Based upon a small sample of these
missions a conceptual airship design was specified, as discussed in Chapter VI.
The purpose of the effectiveness analysis is to determine the level of potential
utilization and effectiveness of the point design airship across the spectrum of
mission profiles described in Chapter IV.

To perform this analysis a computer program was written. This program
determines if the point design airship is capable of performing each of the
mission profiles, the cost of performing a profile, the hourly cost of opera-
tions, the time required to perform the mission and the total flight hour re-
quirement on an annual basis for each profile. The results of this analysis
have been tabulated and are presented in this chapter.

It is to be emphasized that the concern of the study has been to evaluate
if airships can perform Coast Guard missions in a cost effective manner with
sufficient need to warrant an R&D program. This chapter addresses the last two
concerns. In Chapter IV it was concluded that a modern airship ca.t be expected
to perform a wide variety of Coast Guard missions.

The remainder of this chapter will discuss the computer model, present and
analyze the results, and provide a brief comparison of airships to existing
platforms.

COMPUTE. MODEL

The main purpose of the computer model is to give a first order estimate of
the cost of utilizing a point design airship for existing Coast Guard mission
reqairenents. The model measures three functions of the airship operation: the
cost of performing the mission; the determination if the mission is within the
capabilities of the airship design; and the duration of the mission. A brief
description of the program is provided below and the listing of the program is
included in Appendix G.

The computer program cycles through the seven tasks as specified for each
of the mission profiles. ror each of the included tasks, the duration and fuel
consumption are calculated. If a task is not included in a profile, obviously,
no calculations are made for the task. The determination of the duration of the
task is a function of the type of task. For the transit and patrol tasks, which
are specified in distance traveled, the duration is calculated by dividing the
distance by the specified speed. For the station keeping, board, and towing
tasks, the measure of the tasks is duration. The duration of a logistics task
is assumed to be one hour. The duration of a search task is determined by
dividing the area to be searched by the sweep rate. Eaci' type of starch has a
specified sweep rate. The duration of a search mission requiring more than one

VII 1 -I
S

_ _ _ _ _~ . '



NADC-8 014 9-60

type of search is determnined by the dominant search type. It is assumed that
the various types, of search are occurring simultaneously.

The fiel consumption is~ calculated on the basis of airship speed, type of-
task, and the heaviness of the airship. Piecewise linear Specific P'ual Cornsump-
tion (SFC) eurves, as a function of payload, have been assumed. The fuel con..
sumption is cr~nstant for all payloads up to the static lift capability-. For
payloads in %mcess of the static lift capability, the SFC increases linearly
with the payload weight.

When the airship is operating heavy, requiring dynamic lift., the consump-
tion rate changes as fuel is consuimed. As fuel is consumed the weight of the
airship decreases requir:ing less power for the dynamic lift, Yn the Model, in
the dynainic. lift regime., the following equation was developed base~d estiated
fuel curisiusrotion.

C A A(e -)

where

C the amount of fuel consumed in time t

A a constant of integration taken from estimiated specifi~c fuel consump-
tion data for the weight of the airship at t~he beginning of the task

iaterval

s the slope of the Specific Fuel Consumption cur-ves in the dynamic.
Lif t regime

t the cime interval to perform a task

Thle crew size and associated weight. is calculated as a function of the
mission duration. The c:rew size is 5, 8, or 13 If the mission is less than .1.0
hours, between 10 and 20) hours, or gre-.ater than 20 hours, respectively.. Eai.Ch -
crew mou her is assumed to weight 200 lbs. and require 25 lbs. of stores.

As Imtpletmen ted -in the Program, the r equ~iremnen ts for each task- are, cal cu-.
lated -it the order in whichf they are input to the program, st~arting with Task 11
Transit, and cycling tbrough to Task 7, Tow. If a task. is not supecified for a
profile, no contribution for: that task- is calculated. This approach ignores the
acnial. time sequence cof "eniets in operations. The cotmputation sta-rts by calc~u-
lating the fuel requiremnert anid duration of the transit task independentL of when
the transit task orccurs in the act~ual. operation. Next, the fuetl consumption and
duration of the Patrol t.ask is calculated, etc. The vffect of this approachJ I~s
important in the determiniation of the fuel consumed.

As Lthe uel. roqu-irment f or a tas.k is calculated , It is added on to the
payload weight.. W~hen the sura of the payload and consumed ftiel eucceeds the
sr.ati~c lifJt capabil~ity, the .:Cuel con-sumption rate for a task isý calculated on
th.e bauis of the dynamoic lift requirenent.. Therefore, although the fuel c,.-on-

wumpti~on Is ca).cuia't~ed star ting wVith Task I and cycling, through to Trask 7,

VITlI1-2
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this is equivalent to performing the tasks in reverse order. Task 7, when
specified, will always be performed with a full load of fuel and Task 1, when
specified, will always be performed with just enough fuel to perform the tasks
plus fuel for takeoff and landing and a reserve of 10 percent. As the duration
of the mission exceeds 10 or 20 hours, the weight of the crew is incremented to
account for increased crew size.

Costs are calculated on the basis of fixed costs, including investments,

maintenance, and overhaul; personnel costs; and POL costs. Both the hourly
operating cost and total mission costs are cslculated.

The output of the model includes the hourly and mission cost, fuel con-
sumed, mission duration, and total annual missions hours for each profile. An
example of the printout from the program is given in Table VIII--I. The first 11
columns summarize the mission profile and are input to the program. The next
column is the average hourly cost, followed by the total cost of performing the
mission. Both of these costs are based upon the life cycle cost estimates given
in Chapter VII. The next column gives the total fuel consumed performing the
mission. The next column lists the duration of a single mission and the last
column gives the annual fligbt hour requirement associated with all occurrences
of a profile. If a profile exceeds the capabilities of a specified vehicle: it
is noted in the output, e.g., profile 2.1.17. The complete printout is giv.n in
Appendix H. In addition, statistics are compiled for each program on the number
of profiles, number of occurrences, and total flight hour requiremenc, cate-
gorized by mission endurance.

PROJECTED UTILIZATION

In Chapter IV a total of 264 mission profiles were identified for potential
airship utilization. On the basis of the computer analysis, the point design
airship is capable of performing 211 of these profiles. Of the 53 profiles
beyond the capability of the airship, 43 are associated with the Military
Operations/Military Preparedness Program. Because of the nature of the MO/MP
program, the specification of these profiles was not based upon existing opera-
tions but, rather, preliminary estimates of the airships capability. Of the
remaining ten profiles tbtt exceed the point design airship capability, nine are
associated with distant ELT operations (off of Alaska) and one is associated
with a logistics operation for the MEP program (delivery of 17,000 lbs. of
clean-up equipment). The point design airship, however, was capable of per-
forming a similar MEP logistics operation (17,000 lb. payload) but with a
shorter transit distance and station keeping requirement.

When the number of potential missions (number of profiles times their
occurrences) are considered, of a possible 13,116 flights, as specified in
Chapter IV, the airship is capable of 12,860. Since occurrences are not speci-
fied for the MO/MP program, the 43 profiles beyond the point design airship's
capability are not considered in the total annual mission requirements.

The composition of the potential airship utilization by program is given in
Table VIII-If. For each program the number of specified profiles, the annual

VIII-3
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TABLE VIII-I

SAMPLE COITUTER PRINTOUT

ID M ISSION TA19 TASK TASK TASX TASK TASK TASK SEA•CH OCCUR- SOURLY TOTAL FUEL DURATION TOT

NU1S.R PAYLOAD 1 2 3 4 5 6 7 tYPE ENCE Co!r COSt (LBS) (HRS) (HR

1.1.1 12d9. 50.0 150.0 1.0 0.0 0.0 2000,0 0.0 1 10 S 751.14 S 4131.25 1718.5 5.50 55.

1.1.2 1289. Z0.0 :00.0 2.0 O.p 0.0 2000.0 0.C I 10. S 751.05 s 7.3!.01 2958.5 9.50 95.
1.1.3 1289. 100,0 200.1 2.0 0.0 G.0 5000.0 0.0 1 10 S 751.07 S 6384.07 2640.5 8.-0 85.
1.1.4 123?. 100.0 300.0 2.0 0.0 0.0 5000.0 0.0 1 10 s 876.54 $ 9203.70 3268.5 10.50 105.

1.1.5 1269. 100.0 200.0 4,0 0.0 0.0 5000.0 0.0 1 10 S 976.54 S 9203.70 3268.5 10.50 105.
2.1.1 734, 0.0 0.0 0.0 20.0 0.0 0.0 0.0 1 10 S 1083.44 S 21660.80 6200.0 20.00 200.

.t,.2 734. 0.0 0.0 0.0 35.0 0.0 0.0 0.0 1 75 % tOa3.,14 % 37920.40 IORSO.O 3Z.00 2625.

2.1.3 734. 0.0 100.0 4.0 20.0 0.0 0,0 0.0 1 25 $ 1083.44 S 28169.14 a060.0 26.00 650.
!,1.4 73.2. 0.0 100.0 6.0 35.0 0.0 0.0 0.0 1 100 1 t093.44 S 46587.91 13330.0 43.00 4300.
2.1.5 734. 50.0 0.0 0.0 3.0 0.0 0.0 0.0 1 10 S 750.94 S 3003.76 1240.0 4.00 40.

2,1. 6 734. :0.0 50.0 4.0 10.0 0.0 0.0 0.0 1 s0 s 976.44 S 14023.04 4960.0 16.00 800.

2.1.7 734. 50.0 0.0 0.0 15.0 0.0 0.0 0.0 1 50 S 876.44 $ 14023.04 4960.0 16.00 800.

2.1.9 734. 50.0 S0.0 2.0 15.0 0.0 0.0 0.0 1 100 S 976.44 S 16652.36 5a90.0 19.00 1900.

.. 1.9 734. 50.0 0.0 0.0 20.0 0.0 0.0 0.0 1 25 S 1083.44 % =2752.24 6510.0 21.00 525.

2.1.11. 734, 50,0 100.0 4.0 20.0 0.0 0.0 0.0 1 100 S 1083.44 S 29252.88 8370.0 27.00 2700.

:.1,11 734. Z0.0 200.0 10.0 70.0 0.0 0.0 0.0 2 200 $ 1083.44 S 41531.86 11083.3 38.33 7666.

2. .1E 734. 150.0 50.0 2.0 5.0 0.0 0.0 0.,G 1 S0 $ 870.44 $ 9640.84 3410.0 11.00 550.

2,•.13 734. 150,0 100.0 4.0 20.0 0.0 0.0 0.0 1 100 t 1083.44 S 31419676 8990.0 29.00 2900.

1.1.1 734. 100.0 50.0 2,0 25.0 0.0 0.0 0.0 1 50 S 1083.44 S 41170.71 11790.0 38.00 1900.

2.1.15 734. 500.0 100.0 4.0 50.0 0.0. 0.0 0.0 2 200 % 1083.44 $ 35392.36 10t26.7 32.67 6533.

:.1.16 734. 500.0 200.0 8.0 100.0 0.0 0.0 0.0 2 100 S 1084.49 4 60000.21 17876.7 5l.33 M533.

.L..17 734. 2000.0 100.' 4,0 25.0 0.0 0.0 0.0 1 S0

FUEL C0t'SUMEZ 26706.7 uEATER THAN LIMIT .10842.31
MISSIC.4 CERrIINAtEC' Its TASK~ 4
2.L.13 734. 2000.0 150.0 6.0 50.0 0.0 0.0 0.0 1 25

FUEL CONUWI,'- 57774.9 GR ATER THAN LIMIT -18842.31
n1S•i10• TEA•Nr•sNTEI IN TASK 4
2.1.t1 734. 2000.0 200.0 8.0 100.0 0.0 0.0 0.0 2 50

FUEL C1NSUEIP. 39376.3 O6ArER THANi LIMIT .1342.31
MISSII., TEAMIN.tEI INt TASK 4

2.1.2., 734. 1000.0 0.0 6.0 15.0 0.0 0.0 0.0 1 300 S 1083.44 A 46587.91 13330.0 t3,00 12900.
2.2.1 V34. 0.0 100.0 4.0 20.0 2,0 0.0 0.0 1 25 6 1093.44 $ 30336.32 0600.0 20.00 700.
2.3.2 734. 0.0 10t.0 6.O 35.0 2.0 0.0 0.1 1 100 S 1093,46 $ 40755.'2 139f?.: 45.00 4N00

2.2.3 734. 50.0 %'.0 2.0 10.0 2.0 0.0 0.0 1 10 1 97*.44 $ 14073.04 4960.0 16.00 160.
!.2. 4 73' ?0.0 50.0 2.0 15.0 2.0 0.0 0.0 1 50 S 1093.44 $ 22752.24 6510.0 21.00 1050.

2.ý.5 734. 50.0 100.0 4.0 20.0 2.0 0.0 0.0 1 10 $ 1083.44 $ 31419.76 8990.0 29.00 290.

2.2.6 734. 50.0 200.0 10.0 70.0 4.0 0.0 0.0 2 100 $ 1023.44 S 45•45.63 13123.3 42.33 4233.

2.2.7 734, 150.0 50.0 2.0 5.0 2.0 0.0 0.0 1 10 1 876.44 $ 1t393.72 4030.0 13.00 130.
2.2.9 734. 10.0 100.0 4.0 20.0 2.0 0.0 0,0 1 100 S 1003.44 $ 333a&.63 9610.0 31.00 3tOO.

.2,,9 734. 500,0 50.0 2.0 25.0 4.0 0.0 0.0 1 25 $ 1083.44 S 45504.40 13020.0 42.00 1050.

2.2.10 734. 500.0 100.0 4.0 50.0 4.0 0.0 0.0 1 100 S 1083.44 $ 39721. 14 11366.7 36.67 3666.

.2.1 1 73'. 500.0 200.0 8,0 100.0 2,0 0.0 0.0 2 200 4 1084.89 - 6219a.!4 18706.1 57.33 11466.
2.2.t2 7j4. 2000.0 100.0 4.0 25.0 4.0 0.0 0.0 1 50

FIJ•. ' •'' : . " 2971 .7 G;.FArEr T[HAI LIMr IT *.1 142 ,31
.11,;: ~ I p t ' i nTAp. 4

,2,13 742. 2000.0 1[o.0 6.0 50.0 2,0 0.0 0.0 1 25

2.2,14 7j4, 200)o.O 200.0 9.0 100.0 2.0 0.0 0.0 2 S0
FUL'. CIP3 ".r- 4L617.7 OF.Lir • THA.5 LIM I * Lf :.12 ,.31

m:SS;Q1w tE*ý".'-rECr IN TASK~ 4
2.2.1s 7.31. 1002.0 0.0 0,0 1.0 2.0 0.0 0.0 1 SO 1 109).46 1 407)!.52 13757.1 45.00 2250.

2.3.1 73.1. 25.0 50.0 15.0 15.0 2.0 0.0 0.0 1 2 S 100W.44 s 33ZI5.73 10335.0 33.'0 67.

2.3.2 '34. 25.0 50.0 2.0 15.0 2.0 0.0 100.0 1 1 s 1079.44t • 32002.91 75,S.0 30.50 30.

2.3.3 73,. 50.0 100.0 20.0 20.0 2.0 0.0 0.0 1 2 * 10'13.46 S 4O5.Z2 13959.1 45.00 9O.

2.3,4 734. 100.0 100.0 20.0 50.0 2.0 0.0 0.0 1 1
FUEL CN'W Ec.. 305: 1 IorCArEf( fHANI LIMIT -01342.3t

- PL1i rLi In,.t[Ej IN TASK 4
:.1." 734*. l1)01.0 Z.0 50.0 Z0.0 2.0 0.0 0.0 1 2

dIAL "npU. 2472.2 THAN LIMIT .151412.31
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TABLE VIII-If
AIRSHIP UTILIZATION

PROGRAM PROFILES MISSICNS FLIGHT HOURS
(ANNUAL) (ANN-UAL)

NUMBER ,NUMBER NUMBER

PERCENT PERCENT PERCENT
A/N 5 50 445

2 0 0
ELT 32 (9)* 2330(255)* 85807

1.5 18 47

MEP 22 (1)* 1.. 846 ( 18) 166441

10 7 9
M,{/MP 66 (43)* -- --

__ _ _ _ __ _ _ _31 ....-

MSA 11 418 8642

5 35

PSS 18 508 5948

9 4 3
SAR 49 333.2 55608

23 65 30

To 8 405 11083

4 3 6

TOTAL 211 (53)* 12860 (256)* 183472

*( ) represents proposed profiles or mission occurrences beyond the
capability of the point design airship.

VIII-5
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number of missions, and the total annual flight requirement are given. The
percentage by program of t~he total utilization is also given.

Both the number of profiles and annual number of missions were specified
based on the analysis discussed in Chapter IV. The annual flight hour require-
ment was calculated by the computer program.. This analysis shows that there is
a potential for using airships 183,000 hours a year. Assuming 2,400 flight
hours per year for an airship, there is a potential requirement for over 75
airships. Of this requirement 47 percent of the flight hours are associated
with operations of the ELT program. Thirty percent of the flight hours are
associated with SAR operations. None of the other programs account for more
than 10 percent of the flight hour requirement. MO/MP does not have any flight
hour requirement due to the contingency nature of this program.

MISSION DURATION

To determine the significance of endurance for the airship role in Coast
Guard operations, the annual flight hours requirements, grouped by tan hour
intervals of mission endurance, were plotted in a histogram. Figure VIIIl shows
that the flight hour requirement remains at a fairly constant level for the
first five groupings. The requirement varies from 27,000 hours for missions of
20 to 30 hours, up to 39,000 hours for missions oZ 40 to 50 hours. The average
flight duration is 14.3 hours.

In the cost analysis, a buy of 50 airships was assumed. With five of these
airships for training and research and development, there would br 45 opera-
tional airships. If totally utilized, the 2,400 flight hours per year, the
airships would be operational 108,000 hours. From Figure VIII-l it is seen that
this availablility is sufficient to satisfy all requirements up to missions of
between 30 to 40 hours. Because of scheduling and operational considerations,
it is unlikely that the 45 airships could fulfill all of these missions.

Although this analysis indicates that it is possible to have the point
design airship operate on missions of longer than 40 hours endurance, this is
unlikely, except uinder extreme conditions. Because of the generality of this
study, the car of the airship was assumed to be of modular design, allowing
modification to the interior of the car to accommodate the needs of a mission.
It is unlikely that the basic car design could be modified to handle the habit-
ability requirements of missions greater than two days (approximately 50 hours).
Therefore, without the redesign of the car and an associated increase in the
size of the. airship, missions of over 50 hours are probably beyond crew en-
durance.

While the annual requirement for flight hours remains fairly constant for
missions of from 0 to 50 hours, the number of missions is greater for short
duration operations and decreases with increasing flight duration. Figure VIII-
2 is a histogram of the annual number of missions as function of flight dura-
tion. An overwhelming number of missions are of duration of less than ten
hours. Annually, there are approximately 7,500 missions of less than ten hours,
many of these associated with SAR operations.

VII 1-6
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A similar histogram of the breakdown of the number of profiles by flight
endurance is given in Figure VIII-3. Again, the most frequently occurring
profiles are those of shorter duration. This indicates that in performing the
mission analysis, as described in Chapter IV, the operations chosen for airship
participation were those of shorter duration. Since this analysis is based upon
operations as they are performed by existing Coast Guard assets, the operations
are not necessarily specified in a manner that are optimal for airship opera-
tions. A more thorough analysis, in which mission operations are configured for
optimal utilization of a point design airship, will probably have most missions
of from 20 to 30 hours duration.

Similar histogram analysis has also been performed for each of the eight
Coast Guard programs of interest. These are given in Appendix F. Note that the
scale varies from histogram to histogram. Also, because of the contingency
aspects of the MO/MP program, there are no flight hours or mission requirements
histograms. Rcview of these figures indicates two distinct groupings or pro-
grams. in the A/N, PSS, and SAR programs, shorter missions (less than 20 hours)
tend to predominate. The longer missions tend to predominate for MO/MP opera-
tions also. This implies that there may be a requirement for the design of two
distinct airships, a smaller one of about 15 hour endurance and a larger one of
about 40 hour endurance. The smaller airship could be designed tor more econom-
ical operation whereas the larger airship (probably of similar design as the
point design airship) would have greater capability.

TASK ANALYSIS

The potential utility of an airship for Coast Guard missions comes from its
ability to perform a number cf operations well. It is not that the airship
especially excels at any one task, but given an aggregation of tasks, typical of
Coast Guard missions, it should provide superior capabilities. Because of the
hJiher speed, aircraft will generally be better wide area searcn platforms.

Because of their stability and lower speed, however, airships may be ideal for
detailed search or search for small objects. For boarding operations and long
endurance requirenents, ships are better. But for the large number of opera-
tions that mix these tasks, airships offer great potential.

To determine the nature of the mix of tasks in the spectrum of the Coast
Guard missions evaluated in this study, the task composition of the potential
utilization of the airship was analyzed. Tables VIII-Ill through VIII-VIII
present both the number and percent of the operations of each program requiring
a task function. This data is provided for the number of profiles, the annual
number of missions, and for annual number of flight hours. Programs in which
none of the profiles require a particular task are not listed.

In Table VIII-Ill, both the transit and patrol task requirements are com-
bined. Both of these tasks require the same airship capabilities, differing
only in theIr contribution to mission succc.ss. All eight programs have missions
that require transit or patrol. Over all of the Coast Guard operations evalu-
ated in this study, 95 percent of the profiles, 97 percent of the annual mis-
sions flow, and 90 percent of the total f7iU;ht hour requirement, are associated

* VIIT-9
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TABLE VIII-III

TRANSIT OR PATROL REQUIREMENTS

PROGRAM PROFILES MISSIONS FLIGHT HOURS
(ANNUAL) (ANNUAL)

NUMBER NUMBER NUMBER

PERCENT PERCENT PERCENT
A/N 5 50 445

100 100 100
ELT 30 2245 82482

94 96 97
MEP 22 846 16441

100 100 100
MO/NP 66 - --

100 -- --

MSA 9 218 5276

82 52 61
PSS 14 504 5900

78 99 99
SAR 49 8312 55608

i00 100 100
iO 5 250 8850

63 62 80

TOTAL 200 12416 175000

95 97 95

VIIi-iI
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TABLE VIII-IV

STATION KEEPINC/TRAIL REQUIREMENTS

PROGRAM PROFILES MISSIONS FLIGEr HOURS
(ANNUAL) (ANNUAL)

NUMBER NUMBER FUMBER

_ PERCENT PERCENT PERCENT
A/N 5 50 445

ELT 27 10 2160 9O 81127 1 5

__________84 93 95

MEP 22 846 166441

i________ 00 100 1.00
MO/MP 20 -- --

MSA 4 400 4357

PSS 18 36 508 5948

100 100 100

SAR 41 1 4662 37o08 100

84 56 68

TOTAL 157 8626 143926

65 67 80

il
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TABLE VI II-VI I
LOGISTI'CS RE1QUI.T,,T:LXNTS

PROGRAM PROFILES MISSIONS FLIGHT HOURS
(ANNUAL) (ANNUAL)

NUM BER NMTB1ER NUMB -1

P cE~R., ERCENT__

A/N 5 50 445

1,00 1.00 100
MEV 7 47 304

MO/MI 13 ....

20 ..--
MSA 8 76

36 2 .
pss 8 8 1.04

______44 2 -2
SAR 15 410 3812

TOTAL 52 523 4741

25 4 3

4
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TABLE' 1VI'-VIII
TOW REQUIREM1ENT

PROGRAX PROFILXS MISSIONS F1LIGHT HOURS
(ANNUAL) (ANNUAL)

NUMBER NUMBER NUMBER

PERCENT PERCENT 30 PERCENT

i

3 0 0
0 p 30 -- --

45 -- --

SAR 12 1342 10037

_________24 16 18

TOTAL 43 1343 10067

20 10 5

V I

ABEviii-V16

TOW RQU IRM EN

-•P~G *ROIESMISON-FIHTHOR



NADC-80149-60

with missions that require the transit or patrol task. If the efficiency of the
airship in performing the transit or patrol tasks is improved, by either" in-
creasing the speed or decreasing the cost of operations, the efficiency of over
95 percent of all missions will be increased.

The station keeping/trail task requirement is analyzed in Table VIII-Ill.
In this table, seven programs are listed; the 10 program does not contain any
missions requiring station keeping or trail. There is a lower requirement for
this task than for transit or patrol; however, for three programs (A/N, MEP, and
PSS), all missions require this task. Overall improvement in the station keeping/
trail capability of the airship, by-decreasing the fuel consumption, would
impact on 60 percent of the Inissions.

Six programs require search capability. A/N and PSS do not. As seen in
Table VIII-V, 100 percent of the ELT, SAR, and 10 missions require search.
Overall, 93 percent of all of the proposed airship missions for the Coast Guard
will include search operations. The type of search may vary from mission to
mission, some using sonar equipment, others using radar or special instrumenta-
tion, etc. Because of its large size and payload capability, the airship offers
opportunities to improve sensor performance through design modification not
possible in most other aircraft. improved sensor capability will impact on a
large number of proposed airship missions.

Boarding is required for missions of four of the programs (ELT, MEP, MO/MP,
and WAR). Overall, only 29 percent of the proposed missions will require a
boarding capability, Boarding requires both the capability for the airship to
hover, as well as, a mechanism for transferring the boarding party to the plat-
form. It is assumed that both capabilities are within the state-of-the-art of
current technology. Limited boarding capabilities have been demonstrated in
past airship operations. If, however, this capability cannot be attained, iess
than 30 percent of the proposed missions would be affected.

Logistics is another task that requires the airship to hover. Six of the
programs have missions that include logist;ics operations (only ELT and 1O do
not). As shown in Table VIII-VII, only 4 percent of all of the proposed Coast
Guard missions include logistics. However, all of the A/N knissiono include
logistics operations. Besides hovering, logistics tasks require the airship to
have a constant tension winch and are limited by the payload capability. The
payloads for the specified logistics operations can be as large as 17,000 lbs.

9 (for the ZP-X design). Again, if the airship ia not capable of hover, it will
probably not be able to perform the logistico tasks.

The laoc task requirement, tow, is analyzed in Table VIII-VIII. Only three
programs (ELT, MO/MP, and SAR) require a towing capability. A total of 10
percent of the proposed missions include the towing task. Airships have demon-
strated a towing capability. With the addition of a hover capability, the
efficiency and extent of towing operations should increase.

The capability to hover is necessary for the perfor-mance of both the
boarding arid logistics tasks. Table VIII-IX presents the results of the an-
alysis of the hover requirement. Only the T0 program does not have missions
that require the hover capability. This table accounts for missions that

VIII-17
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TABLE VIII-IX

HOVER REQUIREMENTS

PROGRAM 'PROFILES MISSIONS FLIGHT HOURS
(ANNUAL) (ANNUAL)

NUMBER NUMBER NUMBER

____5 PERCENT PERCENT PERCENT
A/N 5 5'0 -445

100 100 100
ELT 21 915 32782

MEP 9 66 39 38
MEl' 9 67 544

__________41 20 3

MO/MP 23 -- 23

35 .-- --

MSA 4 8 76

36 2 1.
Pss 8 8 104

44 2 2

"SAR 26 3140 25592

53 38 46

TOTAL 96 4188 59543

_ 45 33 32
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contain either the boarding or logistics task. Missions that require both are
only counted once. Only 33 percent of all of the proposed missions require a
hover t.pability. The largest number of missions requiring hover are associated
w-ith the SAR program. The largest number of flights hours for missions in-
cluding tasks associated with hover are associated with the ELT mission. If the
ability to hover is not attainable, there is still a sufficient requirement for
airship participation in Coast Gu.ard operations. There still remains a poten-
tial of 123,000 flight hours annually.

COST ANALYSIS

As part of the computer program, for each profile, both the hourly cost and
total mission cost were calculated based upon the life cycle cost. As computed
on an hourly basis, most, of the cost components are independent of the nature of
the mission. These include investment, maintenance and overhaul costs. The two
exceptions are personnel costs and POL costs. As discussed in Chapter VII, the
personnel costs are dependent on the duration of a mission. The longer the
mission the larger the crew, varying from 5 for mi~sioris of less than 10 hours
to 13 for missions of greater than 20 hours. POL cost depends upon the mix of
tasks required for a mission. High speed or hover consume much more fuel than
cruising. Station keeping consumes less. Therefore, the hourly cost varies
from profile to profile. However, since crew costs are a dominant oomponent of
the life cycle cost, the hourly cost can be apptoximated for three distinction
situations. For missions of less than ten hours, the hourly zost is approxi-
mately $750/hour. For missions between 10 and 20 hours, the cost is approxi-
mately $875/hour, and for missions of greater than 20 hours the approximate coi.t
is $1,085/hour,

The cost of a mission will vary with the length of the mission. For all of
th'i missions analyzed, the cost extremes are $1,127 for a 1 1/2 hour MO/MP
logistics support mission to $117,6ý9 for a 110 hour MO/MP towed array search
mission, The cost of delivering ADAPTS equipment to a MEP cleanup operation ten
miles off-shore is $2,823. The cost of doing a SAR operation can be as little±
as $1,501 for an operation 25 miles from the airbase, to $13,440 for an opera-
tion 500 miles off-shore. This mission includes towing the vessel back to port.
These costs are all based upon the life cycle costs, which tend to be signifi-
cantly higher than standard rate costs.

Obviously, the cost will vary from mission to mission. It is highly un-
111ely that tke conceptual design airship will be able to perform missions of
110 hours especially with a crew ou. 13. Missions of from 30 to 40 hours will
cost between $32,000 and $43,000. The complete printout of mission cost is
given in Appendix H.

COMPARATIVE ANALYSIS

The thrust of this analysis has been on the determination of the feasi-
biilty of using airships in Coast Guard operations. However, to put this
analysis in perspective with the current use of Coast Guard platforms, a brief
comparative analysis was performed. Both the fuel efficiency and cost of per-
forming selected missions was analyzed.

VIII-19
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The most frequently occurring of the prcposed airship missions were chosen
for this analysis. Thirteen profiles are given in Table VIII-X. All profiles
that have an expected occurrence of 200 times or more per year are included.
All of these profiles are associated with either the ELT program or SAR. There
is no reason to believe that these profiles are not typical of the speccrum of
profiles analyzed in this study.

The airship cost and fuel requirements for these missions were compared
with those of the following Coast Guard platforms:

- HC-130B
- HH-3F
- MEC 210
- HEC 378
- HU-25A (MRS)

To perform this analysis, estimates of the expected performance for these
platforms had to be specified. Table VIII-XI lists tha values used. Crvise
speed is used for the aircraft, and maximum speed is used for the cutters. The
instrument sweep rates are calculated based upon the rodar detection range
against a large target (150 M2 cross section)28. The visual sweep rate for
aircraft is assumed to be about 1/5 of the instrument sw:eep rate. For shlps,
the visual sweep rate is assumed to be obout the same as the instrument sweep
race. Fuel consumption is specified for cruising speed except where noted. In
determining fuel consumption for the cutters, the lower figure is used for
station keeping/trail, boarding, logistics, and towing tasks, The higher rate
is used fot transit, patrol, and search tasks. For the cutters, the fuel con-
sumption assumptions are highly favorable to the cutters in that the performance
is calculated at La hiher__peed than that associated with the fuel censumption.

In that this is a brief ana]y.yis, approximate numbers were used to specify
the performance of these platforms. In all cases the numbers chosen for these
platfoxs will reflect their perforcoance or enhance it. Therefore, in the
comparative analysis, if there is a bias, it is against the airship.

Based upon the performance parameters, the mission duration for each of the
platforma in each of che missions specified in, Table VIII-X was calculated.

Table VIII-XII aummarized the resiuits. Missions that exceed the endurance of a
platform are noted with an X. Missions that require it capability beyond those
of a platform are denoted with an X. These ate associated with aircraft: opera-
tions that require towing or hover (for the HC-130 and MRS) or delivery or large
payloads @iRS). A "?" is used to denote that the operation is questionable.
Profile 2.2.11 requires a 57 hour LTA missions and even though the point design
airship Is capable of this mission, it is questionable if, for the specified
crew size, the crew could endure such a prolonged mission. For th2 MRS, the 7.1
missions are noted with "?s". This is a search only SAR mission, hit the MRS
would not be able to provide assistance if needed. Addi.tional plattorins may
have to be called in.

VIII-20 a
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TABLE VIII-X
MOST FREQUENTLY OCCURRING LTA PROFILES

TASK TASK TASK TASK TASK TASK TASK
I.D. 1 2 3 4 5 6 7

NUMBER (rm i) (rmii) (hr) (10000 n2 mi) (hr) (Ib) (mi) OCCURRENCES

2.1.11 50 200 10 70 0 0 0 200

2.1.15 500 100 4 50 0 0 0 200

2,1.20 1000 0 8 15 0 0 0 300

2.2.11 500 200 8 100 2 0 0 200

7.2.1 50 0 0 1 0 0 0 2000

7,1.2 50 0 0 5 0 0 0 500

7.1.5 N00 0 0 1 0 0 0 500

7.1.10 500 0 0 1 0 0 0 2c0

7.1.1i 500 0 0 5 0 0 0 1500

7.5.2 50 0 4 1 1 0 0 500

7.5.3 IGO 0 2 3 1 0 0 200

7.6.1 50 0 1 1 0 0 25 1000

| V Ul1-21
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TABLE VIII-XII
COMPARATIVE MISSION CAPABILITY

PROFILE DURATION BY PLATFORM TYPE (HR)

NUMBER LTA HC-1.30 HH-3F MEC 210 HEC 378 MRS

2.1.11 38 18.0E 26.0 E 132.0 86.0 17.0 E

2.1.15 33 11.5 19.0 E 114.5 72.5 11.OE

2.1.20 43 20.0 E 31.0 E 87.0 57.0 20.0 E

2.2.11 57 ? X 35.5 E 203.0 E 96.0 X

7.1.1 2 1.0 1.5 4.5 2.5 1.0 ?

7.1.2 6 2.5 5.5 10.5 6.0 2.5 ?

7.1.5 3 1.0 2.0 7.0 4.5 1.0 ?

7.1.10 11 2.5 5.0 29.5 18.0 2.5 ?

7.1.11 15 4.5 9.0 E 35.5 22.0 4,5 ?

7.5.1 5 X 4.5 7.5 5.5 X

7.5.2 7 X 6.5 E 9.5 7.5 X

7,5.3 8 X 7.0 E 13.0 9.5 X

7.6.1 5.5 X X 8.0 6.0 X

X - Not capable of mission

? - Doubtful capability

E - Exceeds endurance of a siagle platfcrm

* V11I-23
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COST Cct4PARISON

Because life cycle costing is riot always calculated in a consistent manner,
the standard rate was used for cost comparison. Table VIII-XIII summarizes the
standard rates previously given in Chapter VII. The standard rate for the LTA
platform varies with crew size and fuel consumption. Based upon these esti-
mates, thp cost of performing the 13 missions was calculated and is given in
Table VIII-XIV.

The cutters are always more expensive to operate than the airship. The
lfiS, when capable, is less expensive to operate than the airship. In the five
SAR missions where the MRS and HC-130 are suitable, they would not be able to
provide assistance if necessary without support from other platforms. In the
missions the HH-3F is capable of performing, it is always more expensive than
the airship.

In one-half of the six missions for which the HC-130 is capable, it can do
so at a lower cost than the airship. For two of the remaining missions it is
more expensive, and for one mission the costs are about the same. The HC-130
currently performs all six of the missions. The mission given by Profile 2.1.15
is associated with the inspection of Ground Fishing off of Alaska. The 7.1
profiles are long range rescue operations.

FUEL CONSUMPTION COMPARISON

Airships are very effizient users of fuel. As opposed to aircraft, which
are completely dependent on dynamic lift, most of an airship's lift is provided
by the buoyancy of the lifting gas. In that air is less dense than water, there
is much less drag on an airship than on a ship.

Table VlII-XV compares the fuel consumption of the six platformns for the 13
mission profiles. The airship's consumption is given in both gallons and pounds.
Gallons are the standard unit for ships and pounds are the standard unit for
aircraft. The airship is assumed to usE JP-4 which weight 6.51 pounds/gallon.

The MRS and the HH-3F use from one and one-half to three times as much fuel
as the airship on a given mission. The HC-130 uses from four to eight times as
mu('h fuel. In many cases, the cutters use over ten times as much fuel.

CONCLUSION

In this chapter we have shown that there is a high potential utilization of
airships in a diversity of Coast Guard missions. It is the ability of the
airship to capably perform the tasks that are required on many of the Coast
Guard missions that makes it an attractive platform. In the most frequently
occurring missions, standard rate costs are comparable to aircraft and cheaper
than cutters.

The emphasis of this analysis has been on the quantitative aspects of Coast
Guard operations. The quality of an airship performing these tasks cannot
really be determined until a modern airship is built. It is expected that by
t:ie nature of an airship, which combines attractive capabilities of both air-
craft and ships, Coast Guard missions can be conducted very efficiently.

V
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TABLE VIII-XIII
STANDARD RATE FOR SELECTED COAST GUARD PLATFORMS

PLATFORM TYPE STANDARD RAT, ($/HR)

LTA 450 - 600

HC-130B 1,365.16

H-H-3F 910.20

MEC 210 448.30

HEC 378 1,109.24

MRS* (HU-25A)12  614.90

*EstIhnate also based on H-U-16E operational
experience
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TABLE VIII-XIV
STANDARD RATE COST OF MISSIONS

PROFILE C___COST BY PLATFORM TYPE ($1,000)
NUMBER ILTA HC-.1.30 I-H-3F MEC 210 HEC 378 MRS*

/.1.11 22.8 E E 59.2 95.4 E

2.1.15 19.8 15.7 E 51.3 80.4 E

2.1.20 25.8 E E 39.0 63.2 E

2.2.11 34.2 ? X E E 106.5 X

7.1.1 .9 1.3 1.4 2.0 2.8 .61 ?

7.1,2 2.7 3.4 5.0 4.7 6.7 1.5 ?

7.1.5 1.3 1.3 1.8 3.1 5.3 .61 ?

7.1.10 5,0 3.4 4.6 i3,2 20 1.5 ?

7.1.11 6.8 6.1 E 15.9 24.4 2.8 ?

7.5.1 2.2 X 4.1 3.4 6.1 X

7.5.2 3.2 X C 4.3 8.3 X

7.5.3 3.6 X E 5.8 10.5 X

7.6.1 2.5 X X 3.6 6.7 X

X - Not capable of mission

S- Doubtful. capability

E - Exceeds endurance of a single platform

* - lased upon hJ-U-6E experience and reference [32]
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TABLE VIIf-XV
FUEL CONSUMPTION FOR ITEIIZED MISSION PROFILES

(AIRCRAFT .- POUNDS; SHIPS - GALLONS)

PROFILE LTA HC-130 HH-3F MEC 210 HFC 378 MRS

2.1.11 )ounds 11883 72000 E 221?0 E 29750 E
gallons 1825 21804 20567

2,1.15 pounds 10127 46000 16150 E 19260 E
gallons 1556 * 19460 18138

2.1.20 poukida 123330 80000 E 26350 E 35000 E
golluns 2048 14179 13384

1,2.11 pounds 18766 X 30175 E E
gal.ololns 2886 34262 E 23168

7..LI pounds 620 4800 1275 E 1750 ?
gallons 95 790 650

7.1.2 poiind s 1860 12000 4875 4375 ?
g1l10ons 286 1842 1561

7,1.5 pounda 930 4800 1700 1750 ?
K11,.lonw 143 122d 1171

7.1,10 I)oUlids 3410 12000 4250 4375 ?
gl Io•ai 524 5176 4682

7.1.11p. litmd L 4650 21600 7650 E 7875 ?
galilolln 71.4 6229 5723

7,5.1 lud m 1550 X 3825 X
gili.Iw 238 909 890

7.5.2 1lpounds 21.70 X 5525 E x
galhlon 333 £88 1049

7.5.3 poundsN 2480 X 5950 E x
gal. ions 381 1874 193O

7.6.1 poundl 123f) Z X X
gallons 189 1268 1380

X - Not capable of inission
? - Doubtfil1 capability

- excouds endurance

I
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CHAPTER IX
CONCLUSIONS

As a conseqi.nce of the effort dscribed in the preceeding chapters the
following conclurions are presented:

1. Airships_app_.r on the basis of this first order analysis to have
direct, cost-effective application to many maritime patrol needs.

By virtue of loo operational cost (fuel efficiency) and pleasant crew
environment (low ,ibration and noise), airship maritime patrol systems merit
strong consideration,

2. Airships ap ear technically feasibile in maritime patrol roles.

The veh'2cle abilities necessary to perfora the duties discussed in this
report have in amoust all cases beei d3monscraced by prior naval airship opera-
tion. One ability which has not yet been demonstrated - hellcopter-style
hover - appears iully achievable In the cour.;e of n%.rmal aircraft technology
development. It is important to also note that the size of vehicles designed to
perform the specified mihsions fall well within the size class of past Navy non-
rigid airships.

3. Airships are rot a panacea for all requirements but they do possess
unique capabilities.

-
Tar3•: size - deterrent in "presence" role

- Lone enduriace - days and weeks

- Wide speed band - slow f,ý close observation th 100 knots for
r pid transit

- luet efficient - hundreds not thousands of pounds of fuel per hour

- No noise into the water - for ASW and oceanograpnic roles

- Hovr capable - for data gathering or boarding

- calcelent crew e'ivirorme.at - low 'oise, low vibration, low
acc ele-at ion

- Minbmal gvouna facility requirement - long i-'inways not necessary,
,,nd hanga- f only 'or assembly a:id major overhaul

Bro),d weather envelope - outstanding in low visibility conditions
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- Multi-mission capable - adaptable to many mission configuratons but
also able to do multiple tasks on same miss~on (e.g., search, hover,
board or retrieve, pr.rol, command and control, etc.)

- Stable platform - for communication, command, control in environmental

protection role for exmnple

- Very safe low altitude aircraft

4. Airships deserve special notice for energy efficient operation.

thniile this feature is somewhat mission dependent, it appears ovor a
sampling of the most frequent CC missions to requiret

50 percent of the fuel re1uired for helicortcrs

20-50 percent of the fuel required for airplanes

15-16 percent of the fuel required for cuttors

IX-2
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4CHAPTE-R X

Based on the conclusions presented in the preceding chapter, several recom-
mendations are described below:

1. LTA vehicle experimental flight demonstrations are recommended for
technical and operational validation in performance of maritime patrol missions.

The implwnentation of this re.ommondation could take a variety of
paths. These are lisced in order of "moust-for-your--money" preference accom.-
panied by pertinent remarks.

a. Lease for denonstratiou purposes a modern tichnology airship
capable of performing modern maritlime operations,

Remarks, As of this date, uo such vehicle exists. Several fiýiuu
in thie cotmmrcial sector (both U.S. and foreign) are preoently making claims to
have such vehicles available in six months to three years.

b. Modify al existLing airship to include some modern tLchnology feo-
lures. EklwupleU might inlclude the addition of propulsion units which could
provide a measure of hover ability or a rcounfiguraition to allow for Lhe
duploymOnt/retLrievaj of an inflatable board.

Rmnarks. As of thia date two firms opArato vehicles which could bu
conmidered for this option, A two year program is uLstmated to achieve suit-
able vehicles.

c. The final option would be to us,, tn exisLing airsillp - which coln-
tains no modern teohnology - to perform some current maritliae misuiotis. It iu
eUtimatod that a flight detlonstration period of six months should be sufficient:
to explore the, operationaL potential for several interested government agencies.

2. It is rocoimiended that Coast Guard requiruments be detemllined for
logilstic and operational facors_ (training, mninlonaote 1.1ufing,utillzation,
qtc.) il light; ot tile unique obilities of airships.

3. It: is roemmendud that in-depth point design atudios of candidate
vehicles address ties uch an hover toe:hiques ground equilment definition,
vehicle fabrication methods, dotailed vehicle lay-o, ts and scaling effects for
a demonstration vehicle.

This analysis should be guided by a flight validation program (Recom-
mendation 1).

x-l
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INTRODUCTION

Of importance in discussion of the operational feasibility of airships is
consideration of the environmental factors. There are four major weather
phenomena which affect the operations of air platforms. They are:

- Visibility and Ceiling Height
- Precipatation (Ice or Snow)
- Thunderstorms and Hurricanes
- High Winds

The airship contemplated for Coast Guard operations will have the following
chara-teristics:

- 90+ kt speed
- VTOL and hover capability
- greater than 25 hour endurance

The combination of these characteristics reduces somewhat the influence of
environmental factors on operations.

The purpose of this discussion is to examine the effects of the four item-
ized weather conditions on the operations of a conceptual Coast Guard airship
design and to compare them to the operations of heavier-than-air craft under
similar conditions. Svnoncic weather data (reference [A-1) for 15 coastal areas
consistent with Coast Guard operating areas has been compiled and is presented
in Table A-I. This table will be referenced frequently for comparisons of
airship operationa) limitations to operational limitations of other Coast Guard
Dlatforms.

VISIBILITY AND CEILING

Of the four weather conditions considered, an airship probably offers the
greatest operational advantage for conditions of poor visibility and low ceilings.
These conditicns impact on both ground operations and flight operations. The
minimum acceptable sight distance '.s a function of the minimum operating speed
of the platform. A VTOL airship can operate at zero velocity and, therefore,
could operate in a situation of essentially zero visibility. A major considera.-
tion in takeoffs and lanaings is the ability to determine the clearance over
obstacles. A true VTOL platform does not have to worry abjut obstacles once it
has identified its landing area, assuming that adequate instrument landing
equipment is available.

Takeoff restrictions on current Coast Guard aircraft are dependent on
whether there is an alternate place to land. For airship operations, this
requirement should be much less restrictive. Because of its long endurance
ability an airship, if it is ever in a SiLation where it is incapable oý
landing because of weather conditions, can either "wait out" the weather or
transit considerable distances to other landing areas.

A-3
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The prescribed weather minimums for Coast Guard aircraft are given in
reference (A-2] and are reproduced in Figure A-i. In Table A-I, two columnes
are given for visibility/ceiling restrictions. The first column gives the
a1nnual perconLage of the time that the ceiling jis less than 300 feet and visi-
biliLy is less than one-half mile. The ,,econd column is the annual percentage
Uf tOe time the c.eiling is less than 15" fcaL and the visibility less than 50
yard .

Table A-I shows that in Adak and Argentia, operations can be significantly
impauted by poor visibility/ceilings. For both of these areas Coast Guard
ooetrationo aru predominantly seasonal. The Argentia area is important for
Malrilnu Scuteu' Activities (MSA), primarily during the months of March through
July, In Table A-i1 the visibility conditions and wind conditions for Argentia
iive liaied for each month' of the year, The visibility/ceiling is generally much
pooruer dutring the opurationoaL months with poor visibility conditions occuring
ovue 315 perioeit of thu time for the month of June. This poor visibility has a
Nlgnl.ic,,lLIt liquiipe on current MSA operations. In Adak there is also a strong
ijuaoini.l. dopendeniee ou visibility/ceiling conditions. Also, the greatest Coast
Nuiir.d opurational requirement is in the spring and summer mcnths. The Enforce-
mont ol! Laws and Treaties (P1LT) requirements are greatest in the months of April
through 1uly, It will be noted in Table A-I11 that for Adak, the visibility/
ce1hing is poor over 25 percent of the time for the month of July.

Poor vbLubillty/oeilinigs will not only preclude heavier-than-air craft
opertaioltlo by preventi•ig tokoofos and landings but will interfere with mission
operat'ions, In mos sL ,arich and surveillance operations, a great deal of re-

illanuo il placud on visual obsurvacions. This is true of ship operations as
We.!I aw air opuratiunu. Under poor visibility/ceiling conditions, airships
offer' advanLtgu,,4 ovoi: current Coast Guard ships or air platforms. Airships can
malolivur at ilow i:pxodo smllilar to ships, allowing them to operate closer to the
wil•L', CI.LL'(rut MWA opurations require HC-i30 aircraft to operate at 500 ft. in
on iov!1')4'g onvironmlnt. When visibilit'y is poor, these operations become very
haaa'rdouu. AiLrships, bucauue of their much lwer speed, can perform these
oporaio tio with ateluty.

With greater reliance on electronic sensors, such as Si.de Looking Airborne
Had~ai (SLAR) and Low Ligh1t1 Level TV (LLTV), the advantages of in airborne plat-
form inieruau. A groilour a•ll-weather capability is I )vided by these sensors to
the aýlrhoriw pLiltformll un compared to sea-going 91.tforms. Yet the control-
labLlity of the airship allowu iP to make close-in visual observations.

PRI:C I1'ATAL [CN (•CI' ORl SNOW)

ico and snow also intorfere with heavier-than-air flight operations. The
CoanLt Guard's fl•×d-wing airc'-ft have leading edge and intake de-icers and,
therefore, are not greatly rustricted. relicopters, however, do not have de-
icurn ,lid Lci accumulation on the rotors presents a significant hazard.

Because of its large aurface area and low speed, one would expect airships
tLo bu vulnerable to ice and snow accumulation. However, in the U.S. Navy's

A-5
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Thefolowig mn mms ppl toI~lIASC 8 01 49 -60 pubiliti;.s, alternate field availability, and the
parturcs. Training, flights and fii-hts with a First crunticsjsiyn h rctrqiect
pilot in comma~nd shall follow the criteria of
subp,ýragraph 3752. 3760 Instrument Approaches

3751 With Departure Alternate. Visibility -3761 Instrumient approachies will b%ý made
must b%: one-fourth statute mile or RVR 16 only, to air facilities for which there is an ap-

S(RYR1 12 for helicopters) and departure proce- pr~oved 7flstrurnent approach procedure.
dures specified in tht TFR Takeoff Mlinimumns

L awd Departure Procedures section of the appro-
priate approach chart VOLUME or MAN 36 prahadLnigMnmm.complied with. Departure ziternates are se- 3762ac Aprocedre and Landing Mither the
lected as follows: FAA or DOD will apply. An approach may be

(a) Aircraft must be :.apable of maintaining ptorted wande flow teow minimums whoenvter,-
NM1EA to the alternate (less jettisonables) pothed pieothe wisntdecn below miniums; hedif an engine fails. tepltwl o ecn eo ulseC ~MDA/DH, or land, unless he can (1) comply,3

(b) Weather at a departure alternate within with FAR 91.117 or (2) proceed with a contact
30 minutes flying time (based 'upon one approach.II engine inoperative configuration) must be
at or better than approach minimums
(ceiling and visibility) at takeoff time and 3763 Helicopter Approach Minimums
forecast to remain so for I hour.

(a) Helicopters may utilize thc category A
(c) Weather at a departure al~ternate within I N1DA or DH- regardless of weight,.4

hour flying time for helicopters and two-
engine aircraft, or within 2 hours flying (b) Helicopters may circle jo land at the
time for four-engine aircraft (based upon straight-in MDA or DH 'as long as they

jj one engine inoperative configuration) can accomplish the inaneuver within 500
must have at least an 800-foot. ceiling, feet of the runway centedline and remain
and 2 mifles visibility for non-precisirmr within tLe airport boundaries.
approach: a 600-foot ceiling and 2 miles
visibility for precision approach and fore-
cast to remain so for I hour after ETA 3764 Alternate Airport Minimums. Published

at altrnate.alternate airport fnininmums apply. (lFfl alter-
3752 WitoutDe~rtue Alernte.Weahermnte mnnimums can 6e fcund in the front of the

must, be at or be-tter than the. taktuff minmrums DDFi emnlL~tAiu~Pbia
(ceiling and visibility) for the airpoat, when tions.) In the absence of published alternate
published. (Takeoff minimums are established minimiums, either because the published mini-
for certain airporcs to ensure obstruction clear- mumns do ro! exist or because the inforpialion
ance during climb to M EA. Tabulation of thesct is not readily available, the following criteria
minimumns can be found in the front of the shall apply:
DOD FLIP Terminal Low Altitude Publica-
tions.) If specific takeoff minimums are not (a) The forecast weather at alternate airport,
publishf..d, the visibility miust be one statute for the period beginning I hoor beforc
mile. or RVR 50 for reciprocating engine, fixed- jntil I hour after alternate ETA, must be
wing oircv'aft, with two engines or less; or osne- atlata -. fo elngad2ml_

halfstaute ileor RR 2 forothr fied-visibility for airporks served by a non-w,%ing aircraft and helicopters. precis~on approach; and a 600-foot ceil-
ing and 2 miles visibility for airports

3753 Exception. When the immediate urgencysevdbaprcioapoch
of the mission dictates, the commanding officer (b) In no case shall an altcrnate be selected
of th': parent unit or the aircraft commander on with forecast weather below circling
detachcd duty or at a remote location. may minimums.

Fi~gure A-l. ftitting Flight Regulations.
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experience, no airship was ever lost or damaged in the air due to snow or ice,
This includes winter operations during World War II as well as AEW operations in
the late 195 0's and early 1960's. Accretion of ice and snow on the envelope of
the airship does not occur to the point of endangering safety of flight.
Hazardous accumulation can normally be prevented by altitude changes during
operations; or, on some occasions, the envelope pressure can be reduced which
induces flexure which mechanically de-ices the envelope.

In the mid-1950's the Navy specifically investigated tEa capability of
airships to operate in icing conditions. An airship was instrumented with
equipmert to measure ice and snow accretion and purposely flown into icing
weather. The successful 'results of this experimental pvojected are documented
in reference [A-3].

The greatest danger of ice and wet snow can occur when the airship is on
the ground. This problem can be overcome through mechanical sweeping of the
envelope. The pr•imative method of throwing a rope over the envelope and walking
it the length of the airship has proven effective in preventing excessive accumu-
lation, More sophisticated methods such as heating the gas could easily be
employed.

The VTOL capability of the airship eliminates the expensive and time con-

suming chore of snow plowing and salting runways.

THUNDERSTORMS AND HURRICANES

Thunderstorma are the nemesis of all aircraft and are avoided if at all
possible. This can be accomplished by waiting out, or either flying over or
around the storms. The altitude capability of the HU-25 (MRS) permits it to fly
over moderate thunderstorms. When penetration is necessary it is usually done
at the lowest possible altitude consistent with safe operations. Safest pene-
tration is usually between 4,000 and 6,000 feet.

Again, the long endurance of the airship provides it a large margin of
saiety when facing a thunderstorm situtation. Isolated thunderstorms can
usually be avoided by flying around them. in a squall line, it is best to go
around the line, or if this is not possible, to pick the least severe point for
penetration. Previous airships with their low maximum speeds were more suscep-
tible to encounters with thunderstorms. The conceptual Coast Guard airship
designs with a 90+ knot speed capef~ility give greater capability to avoid
thunderstorms.

lirricanes are a severe hazard to all aircraft. These are, however, rela-
tively rare meteorological phenomena, and there is usually a great deal of
advanced warning. Since this study assumes that there will not be hangars at
the airship bases, airships at the mast would be vulnerable to hurricane force
winds. With advanced warning, the airships can be flown to an alternate base or
remain in the air at a safe distance from the storm.

A-9

**V Not ro=7



NADC-80149-60

HIGH WINDS

Of ali of the itemized weather conditions, high winds probably have the
greatest impact on airship operations as compared to other aircraft. High winds
impact on airships both while in flight and during ground operations. Because
of its relatively low speed, an airship's flight operations are affected by high
winds. Likewise, because of its large traverse profile, high winds can inter-
fere with ground operations.

Airships, because of aerodynamic factors (i.e., virtual mass), have a
greater inertial mass than their gravitational mass (reference [A-4]). Because
of their lower speed compare6 to heavier-than-air craft, high winds will have a
greater impact on the slower moving airship. In a provious analysis (reference
(A-5]) the effective ground speed of an airship traveling into the wind and
returning with a tail wind was analysed. The effective ground speed for this
round trip was derived as

Ve (1 - W2 ) V
V2

where

VP n the effective ground speed
V - wthe airship speed, and
W - the wind speed.

This turns out to be the worst case. For the general case, where the wind is at
an angle 0 Lo the direction of the flight, the effective ground speed is:

W2

1 - 2 sin2/ V2)

For flights perpendicular to the wind (crosswind), which is the best case, the
effective velocity is:

Ve i/ I W V
SV2

Ve
Figure A-2 shows the -v (defined as 'Pe in the figure) as a function of the ratio
of wind to airship velocity for both head/tail wind, and cross wind cases.

A-I0
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V 1. for head and tail wind

v V2

SV =/ - 1 i- fcr cross winds

VV 2

It cau be seen .rom t'his figure that Lhe difference btween t hose two cases
is most significant as the wind speed approsch,.s the airship speed. I-Pen the
wind speed is une-half the airship speed, for the croas wind case, the average
round trip ground speed is almost 90 peccent of the airship speed but for thn
hoad/tail wind case 1.t i 75 percVnt. For a 90 kt airship the wind speed must
be almost 45 kts befors there is o 10 percent toss of effactive speed in cross
wind conditions. From Table A-I, Synoptic Weather Data, it is seen that a 45
knotwind is a rare occurrence at lower ailtitudes.

Table A-IV shows the effect of the average wind speed for cross wind and
head/Lail wind on airship performance for coastal areas consistent with Coast
Guurd operations, Airship speeds of 50, 60, and 90 kts are consider,1d. The 50
to 60 kt range is the cruising speed range for conceptual Coast Guard airship
des'Ignr and the 90 kt spend is the maximum operating so.ed for this airship.
B.nnied upon the annul.l. n, emi wind velocities at the surfaLe for all of these
lo,.at'ionu there is loss than a 10 p.-ercent loss of eftective speed in all cases
for the 50 kt )peed and a 2 to 3 percent lus of effective speed fur the 90 kt
case.

Table ,'-IV is based upon mean annuat wind speeds at ground level. With
increasning altitude r.ne mean speeds will increase. There aie also significant
monthly and diurnal variaticns for moat locations. However, the predominant
Coast %uard application for airships is area search. 3ince the predominant
coigideratioii in area search operatiuns is that a specified area be covyred, the
directi.ort of search Is usually not significant. In practice the airships'
operations can be tailored to take advantage of the prevailing wind condition.
If there .Ls a strong head wind, searches can be conducted in a parallel b2ck and
for vlh crosswind dive,.tion. If there is a strong diurnal variation where there
are offshore winds at the beginning of the operacion and ovshors winds at the
end, the airship can take advantage of tailwinds in botn directions.

The impact of high winds on the effective speed of airships will probably
oe most signlficant in Search and Rescue operations (SAR) where there is much
less latitude in operations. However, the conceptual airships' speed of 90 kts
is not significantily differert from that of heliccpcers. The long endurance,
sta.bility, lower vibration levels, and range of the airships should more than
compensate for differences in effective speed due to wind for many of the SAR
operations currently employing helicopters.

A-11
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Increasing wind speed with altitude (s not expected to severely impact
airship effectiveness. Figure A-3 (taken from refevence [A-5]) shows that for
altitudes of 4,782 tt. and less, the 90th percendile wind speed never exceeds 50
kts for the specified locations. The design altitude for the conceptual airship
is 5,000 ft. For most locations the 90th percentile for 1,773 ft. is signifi-
cautly lower for all seasons. If higher altitude winds are much greater the
airship can operate at lower aluitudes with little loss of performance. Table
A-V provides analysis of airship effectiveness at low altitudes (approximately
1,800 ft.) for selGcted areas in crosswind conditions and head/tail wind condi-
tions. We again find little loss of performance, especially for crosswind
operations.

High winds will also Inpact on the ground operations of an airship. Tradi-
tional airships required dynamic runway takeoffs and large ground crews to
maneuver from mast or hangar to the runway. High winds made ground operations
hazardous if not impossible, Hangaiing an airship in a high crosswind is an
extremely difficult job.

With a VTOL-capable airship most of the ground handling crew can be elimin-
ated, Since this study assumes that there are no hangars at the airship bases,
hangaring is not a major concern. The exact nvture of ground handling of a VTOL
airship cannot be determined intil experience with a prototype has been obtained.
However, based upon experience with traditional airships, ground operations
should not be hampered in winds of less than 30 to 40 kts. It is expected that
for a VTOL airsbip, ground operacions should be possible in winds up to 60 kts.

For the sake of analys's, based upon the available data base, data for
winds of greater than 33 kts and 41 kts for areas of interest have been compiled
in Tables A-I, h-I, and A-III. From Table A-I we see that the frequency of
occurrence, on an annual basis. of winds greater than 33 kts is less than 6
percent for all locations and less than 2 percent for 41 kts winds. Assuming
that 33 kt winds preclude operations because of ground handling problems, we see
that for all locations, except Cape Hatteras, the wind restrlcti'ns on airship
operations are less severe than the visibility restrictions on heavier-than-air
craft operations. From Tables A-II and A-Il we see that for Argentia and Adak,
respectively, for th~e months of Interest (spring and summer), the wind condi-
tions are most favorable while tha %isibility is the poorest.

SUMMARY

All aircraft are affected by extremes in enviro~unent; airelhips are no
exception. Under some conditions they are less severely affected than heavier-
than-air craft; under other conditions they are more affected. Because of their
low speed controllability, they are less susceptible to poor visibility and low
ceilings. The airships' long endurance and range provides safety margins for
avoiding severe storms. Icing and snow have traditionally not been a problem
during flight operations, but can create problems when the airship is at the
mast. High winds have probably the greatest effect on airship operatiotis. They
will decrease the effectiveness of flight operations and interfere with ground
operations.

A-14
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Flight uperations of a 90 kt airship should not be significartly impacted
by high winds for the operating areas and conditions of interest. Without
operating experience it is difficult to judge the effect of high winds on ground
handling requirements of a VTOL airship. Using a conservative estimate that
winds of greater than 33 kts will prevent ground handling operations, we find
that the frequency of occurrence of winds of greater than 33 kts is less than
the frequency of poor visibility/ceiling which will impact on heavier-than-air
operations for all locations of interest, except for Cape Hatteras.

Even when considering ship operations significant environmental factors
affect operations. In Table A-I the frequency of occurrence of eight foot or
greater seas is much greater than the frequency of occurrence of high winds.
There is a high correlation between wind speed iand sea state. When adverse
conditions exist in one meoium they usually are adverse iin the other. While at-
sea operations way not be terminated due to high seas, the efficiency of sea-
going platforms iit performing their mission is degraded. Figure A-4 (reference
[A-6]) shows the degradation of 'ship speed as a function of significant wave
height. For a destroyer escort (DE), which should be comparable to a MEC/HEC,
we find for 10 ft. seas there is a 20 percent loss of speed.

CONCLUSIONS

In conclusion we find that airships offer superior performance to heavier-
than-air craft in bad visibility/ceiling conditions, and that performance is
comparable to propeller driven and rotary wing aircraft in thunderstorms.
Airship flight operations are not affected by snow or ice 'ut require snow
removal from the envelope when masted. High winds do impact operations, both in
the air and on the ground. However, the occurrence of high wind conditions is
less than the occurrence of poor visibility (which impacts on heavier-than-air
craft operations) or high seas (which impact on ship operations).

In reference [A-7], 24 months of airship operations of the airship Early
Warning Squadron-l (ZW-l) are documented. These operations were conducted
during the period of early 1957 through June of 1959. The airships were based
at Lakehurst, New Jersey, with operations conducted 180 nmi southeast of Lake-
hurst. During this period there was one hurricane (Carrie, September 1957) and
a severe winter that included a record snow storm that closed the runway for
five days. Yet, despite these adverse conditions, no operations were lost due
to the hurricane, and excepc for the period in which the runway was closed, the
flight schedule goals of 288 sensor hours on stations per month were nmet. Most
flights were greater than 24 hours duration with the premature te.m.nination of
flights usually due to equipment failures (normally mission oriented electronic
equipment). A VTOL-capable airship would not have lost the five days of opera-
tion due to snow on the runway.

An additional substantiation of airship all-weather flight experience is
contained in a quotation by the Assistant Secretary of the Navy for Air in
January 1957:

"On the 14th of January -- 11 days ago - we placed one of
our latest airships - a ZPG - on'patiol in the North Atlantic,

A-17
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aIbout 200 milun oftf thu East Coast. Twenty-four hours loter a sister
iohip rulievud hur on, station. This turn-over was repeated at long
i tit4vaA . Thu wýtch was malntained continuously through some of the

wormL weothur Lho bust Coast has experienced in 35 years. These air-
iihipm flw through eoxranus of snow, freezing rain, winds of 60 miles
per hour, and Oxtranu turbulence --- conditions which at times kept
all plants groutmdd. Ono a:,rship flew in icing conditions for 32
linuri on a 40 hour 1light. Another was airborne for over 56 hours.
AL 9120 Lhis miorning the last flight landed at NAS South Weymouth,
Ma'kohuwut~u, uLuccussatilly completing an all weather evaluation which
pruvidud a eonciauouv airbortnu alert of over ten days."

A-I 1wuwwAry of ' vtopLio Metorological Observations North America Coastal
Maritive Areuiu, Nuval Welather Service Command, NTrIS No. AD 706357.

A.-2 Coast vitard Air OUnrations Manual, Department of Transportation, September
14, 1976, CO No. 333.

A -3 .o:oond Partial. RW!ort ou Proj9ct ý)SW/ONR-46101, 1Evaluation of the A11
WuhLhu.:npo 11i.biliftlu of Airships, Naval. Air Development Unit, South
Wuymon L h, Meiird 1, 1957.

A-4 Alruhi. p ftrussue Nhie to Vertical Velocity Gradients and Atmospheric Turbu-
i •onc, Duncana C)huldonl Vroced:ings of the nterage_!ucy t-brkshop on Lighter-

T'_lu-A_, VWhiqiR!tu, Wl- . Jotph F. Vitt:ek, Jr., MIT F'light Transportation
L bouraLovy, VLT Ruport 175-2, January 1975, Pg. 158.

A-S Asuonmol. of SulueLtd LUghter-Than-Air Vehicles for Mission Tasks of the
1, 14, Coukt (Cuar4d, Ralph IX. Beatty, Jr., Richard D. Linnel, Depar-ment of

Tiaflup(t:al:.h~o, United Staten Coast Guard, Office of Research and Develop-
tount., May 1978, Wahingtton, DC, CG D-39-78.

A-06 I'urmaolo Cluivuac trititiou of nigh Performance and Advanced Marine (HIPAM)
S1mirl,1un V0hP1i.ol, Jon N•ick, Colen G. XKnnell, Nathan R. Fuller, presented
aL L110 CIou•,polko WTctLion, Society of Naval Architects and Marine Engineers,
OcLoILbum 9, 1.974.

A.- An Operratiotal Evaluat:ion of Airship Early Warning Squadron One (ZW-L),
(Coudyewr- Aircraft Corporation, 1)eember 2, 1957, May 14, 1958, September
26, 1.958, May 6, 1959, Akron, Ohio, GElR 8438 S/1, GE1R 8439 S/2.
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APPENDIX B

D O C UM E NTA T I 0 OF RADAR
SWEEP-RATE PARAMETERS
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This discussion presents values and assumptions used in the Maritime Patrol
Airship Study for radar sweep-rate. The analysis is based upon the HU-25 (MRS)
equipment performance specified in reference [B-l. The assumptions made and
final choice of parameters are consistant with reference [B-2].

It was assumed that for search for surface vessels the APS-127 Forward-
Looking Radar will be used. For detection of pollution the APS-94 Side-Looking
Radar will be used. The performance curves for these radars arc taken from
reference [B-1] and are given in Figures B-1 and B-2 respectively.

The performance curves given in Figure B-1 is a .5 probability of detection
on a single scan. Reference B-1 assumes, due to multiple scans on the same
target, that for the MRS this is equivalent to a .9 probability of detection.
In reference [B-2] it is absumed that, since an airship sweeps at a lower speed
than the MRS (approximately 50 kts versus approximately 250 kts) it will have
more opportunities to detect and, therefore, can detect a large target at a 20
percent greater range than the MRS. For a small target an airship is assumed to
have a 50 percent greater detection range.

Sinca the APS-127 has a 1200 sector scan, a 60 nmi sweep width equivalent
to a 30 nmi lateral range, requires an approximate detection range of 35 nmi

(reference [B-31). Using the 20 percent enhancement factor (reference [B-2]), a
29 nmi detection range is required. From Figure B-l, this is equivalent to the
detection range for a 150 M2 target reflectivity or a 175 foot steel boat. To
obtain a 35 mii horizon an approximate altitude of 850 feet is required and a 2'
depression of the radar.

From Figure B-1 it is seen that the radar is sea state limited for Sea
State 3 at approximately 25 M2 target reflectivity which is equivalent to a 80'
wood boat. This corresponds to a 20 nmi detection range. Correcting for geome-
try and the 50 percent enhancenent factor this equates to an approximate 50 nmi
sweep width.

For oil slicks, based upon the performance of the APS-94 radar given in
Figure F-2 (reference [B-li) the 50 percent enhancement factor and the Sea State
limit, an approximate 30 nmi. sweep width can be expected.

These results can be summarized as follows:

Target Sweep Width Target Reflectivity

Large Target 60 nmi 150 M2

Small Target 50 nmi 25 M2 (Sea State 3 limit)
Oil Slick 30 nrni 20 M2 (Sea State 3 limit)

REFERENCES

B-1 U.S. Coast Guard MRS Sensor System Cost Benefits, CG.-D-105-76, Naval
Air Development Center, K. T. McOueen and J. A. Monastra, October, 1976.
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Figure B-2. APS-92 Side-Looking Radar Detection Performance.
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B-2 Assessment of Selected Lighter-Than-Air Vehicles for Mission Tasks of
the U.S. Coast Guard, CG-D-39-78, R. E. Beatty, Jr., and R. D. Linnel,
Center for Naval Analyses, May, 1978.

B-3 AN/APS-127 Airborne Radar System Evaluation, 0. Kessler and S. R. Swyers,
Naval Air Development Center Report NADC-77283-20, Septembe.r, 1977.
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APPENDIX C
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NAPSAP was developed for general in-house use in sizing airships via a
parametric approach and in conducting missions based on predicted performance
and mission requirements (reference [C-I]). NAPSAP is the result of four basic
objectives in generating a useful analytical tool. These were; (1) the program
must be easy to use and require an absolute minimum of input data; (2) the
program must provide easy parametric analysis of the influence of all major
design and performanice variables; (3) the program must be capable of evaluating
vehi.cle performance capability over the ccmplex mission profiles and (4) the
Drogram architecture must be capable of easy modification for future add-on
program sections.

The program has been designed to operace en a minimum of input data (only
five cards are necessary), but has the capability to evaluate the influence of
over 40 key parameters. NAPSAP provides easy parametric analysis for several
optional levels of detail. Once the design section of NAPSAP converges on a
vehicle which meets the input requirements, this vehicle can then be evaluated
against a specified mission profile with all key parameters monitored at pre-
selected tiLme intervals.

PROGPAM APPLICATION OVMVIEW

There are two major applications cf the current NAPSAP program. The first
("Basic Case") allows a v-hicl.e to be sized in terms of a simplified set of
input data and its perfonnaace to be evaluated in terms of nayload as a tunction
of range at: the input design speed. The seiond major application allows the

U performance of the "Basic Case" vehicle to be evaluated over multi-qegment
mission profiles. Several options may be exercised for parametric analyses and
sensitivity studies of these two basic program applications.

NAPSAP currently can analyze two types of LTA vehicles: rigitd airships of
conventional, Zeppelin-type construction (e.g., wire braced main frames, longi-
tudinal girders with cruciform empennage), and non-rigid airships similar to the

type mo3t recently operated by the u.S. Navy (see reference [C-21). Either type
of vehicle can be analyzed at a range of gross weights, including those greater
than the total static lift (i.e., in a "heavy" condiLion).

The propulsion system may be sized for either a conventional take off using
a ground run to develop aerodynamic lift or for vertical take off at maximum
gross weight. Three types of engines may be utilized: gas turbines, diesels,
or spark ignition reciprocating engines ("recip's"). Xotcrs or propellecs may
be analyzed on a point design basis by utilizing dedicated subroutines.

BASIC PROGRAM OVERVIEW

The basis NAPSAP program methodology Is illustrated in the top level flow
chart of Figure C-I.

Input data is read in and program initilizations are performed. The Basic
Case vehicle evaluation requires only five input data cards. Vehicle input
characteristics are used to size the vehicle and determine its overall rphysical

C-3



NADC-801 4 9 - 6 0

INIT LALIZATIONS

Reference Dta
Input Data
-rtion Controls

ATMOSPHERIC CHARACTERISTICS
Design Altitude
Pressure Altitud _ _

VEHICLE SIZING & GEOMET=Y
Length, Diameter, Volume
Fin Characteristics
Static Lift, Gross Weight

AERODYNAMIC CHARACTZRISTICS
Hu.1 Drag
Component Drag Build-up
Total Vehicle CCO, CL, CDif

PROPULSION SYSTE2M SIZLNG
Turbines, Diesels, Recip'n
HP Required for Cruise
HY Required for VTOL
Propulsion Sysuenx Performance

TOTAL VEH:CLE WEIGHTS
Structure
Propulsi.on
Sysc-ns
Empty Weight, UJeful Load

J GEERA/I, VE VHICLE PEAfORNAnCE

Payload vs Range
Fuel Rate vs Heaviness

, Ferry Range

PROGRAM OPTIONS
Senuitivit-, Studies
Mission Profile
Parametric Design Variable
Reduced SPeoc Performance

PROGRIM OUTPUT

Sumary
Detailed Results

Figure C-I. Basic NAPSAP Program
Top Level Flow Chart.
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and geometric characteristics. Vehicle sizing is based on an input value of
volume or gross weight, and static lift to gross weight ratio (Beta), length to
diameter ratio, prismatic coefficient, design altitude, and unit lift of the
lifting gas at sea level standard conditions.

The aerodynamic characteristics are calculated for zero angle of attack and
the angle of attack required for cruise at maximom gross weight. Total vehicle
drag coefficient at zero angle of attack is estimated on a simplified component
build up approach based on drag breakdown of prior Navy non-rigid airships.
Induced drag is based on the expression used by previous Navy airship design
methods. The drag at the input design conditions (gross weight, speed, and
altitude) is used to determine the horsepower required for cruise. If vertical
take off (VTO) is required, the horsepower requirements for VTO at maximum gross
weight are also calculated. The largest required horsepower sizes the propul-
sion system.

All propulsion calculations are based on "rubberized" engines and conven-
tional propellers or rotors which are tilted for vertical take off, landing, and
hover. Propellers are sized by an approximation of Hamilton Stardard propeller
performance (reference [C-3]). Propeller efficiency as a function of velocity
is based on the data presented in references [C-4] and [C-51 (separate sub-
routines have been developed for detailed point design analysis of rotors and
propellers). Bare engine weight per horsepower and specific fL'el consumption
(SFC) as a functon of horsepower are based on the data of reference [C-61. Fuel
consumption for each engine cycle is corrected for alrspeed, altitude, and
throttle effects based on Lhe data presented in references [C-6] and [C-7].

Ne~t, the vehicle weight characteristics are calculated. These include the
non-propulsive structure weight, the total propulsion system weight; the vehicle
systems weight, the total vehicle empty weight, and useful load.

Non-rigid airship weights are estimated by simplified weight estimating

relationships (W4)!2's) developed from an analysis of previous Navy weight reports

and recent studies (references [C-4] and [C-81). Rigid airship structural
weight is based on the IMR's utilized in the NASA Ames Research Center version
of the Boeing CASCOMP (reference [C-9]) program. Advanced state-of-the-art
materials effects can be applied to the rigid airship TER's using the results
presented in reference [C-5] study (Appendix A). Propulsion system weights are
based on the data of references [C-5], [C-9], [C-101, and [C-ll). System weights
are based on a combination of prior vehicle actuals aad generalized WER's from
reference [C-8]. The subsystem weights are summed to obtain the total vehicle
empty weight, and the useful load is calculated.

The "generalized perfom-ance" is calculated for the vehicle sized above.
rhis calculation consists of calculating the payload as a function of range for
che vehicle flying at input (design) airspeed and altitude. Once neutral buoy-
ancy is reached, the remainder of evaluation assumes zero angle of attack
flight. Calculations proceed to the point where the total vehicle useful load
has been consumed aq fuel and fuel reserves.

I
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The program calculations may be terminated at this point or any of the
several program options may be exercised. These options include evaluation of
the vehicles mission profile performance, sensitivity studies via a perturbation
factor option, parametric studies via the change design variable option, or
evaluatiotL of the basic vehicle generalized performance at cruise speeds below
the design speeti. These options are illustrated in Figure C-2.

MISSION PROFILE SUBROUTINE OVERVIEW

The mission profile subroutine (MISPFL) may have up to 100 segments, each
defined by a set of performance characteristics which may include the following:
airspeed. altitude, duration, range, expendables rate, auxiliary power require-
ments, tow drag, fuel weight to be picked up, and payload to be picked up or off
loaded. A simplified overview of the mission profile subroutine is presented in
Figure C-3. MISPFL currently has the capability to evaluate vehicle performance
for five different types of segments: (1) cruise for a fixed range; (2) cruise
for a fixed duration; (3) hover for a fixed duration; (4) pick up or off load
payload; and (5) refuel.

The mission profile subroutine calculates the following variables on a per
segment and cumulative basis over -he total mission: mission time, range, fuel
consumed, fuel reserves, time on station, expendables weight, weight consumed
for auxiliary power generation, ballast required, change in heaviness on the
segment, and weight transfered on the segment. In addition, the program stores
for output the initial and final values of each of the following variables on
each segment: static lift to gross weight ratio (Beta), heaviness in pounds,
number of engines required, throttle setting per engine, fuel rate, total horse-
power requirtd, and ballast. A graphic output routine is under development
which will allow any of the above variables to be plotted as a function of
mission time, range flown, or by mission ;egment number.

The evaluation of a vehicle's capability to satisfy the input mission
orofile is analyzed in a "rubberized" fashion; i.e., the vehicle never runs out
of fuel. The MISPFL subroutine "flys" the vehicle over the input mission pro-
file and keeps track of the total consumables weight (TOTDWT) required to satis-
fy the mission. TOTDWT is the main control variable in the mission profile
evaluation and any iterations through MISPFL commanded by the main NAPSAP control
program. This parameter is the sum of all fuel consumed, fuel reserves, expen-
dables weight, weight consumed for auxiliary power generation, any payload off
loaded minus any fuel picked up during the mission profile.

TOTD•T may be greater than or less than the total vehicle useful load. The
value of TOTDWT is used to determine the actual payload tor the input vehicle
and :o estimate the vehicle performance capability. Two different estimates are
made based on the rubberized mission profile evaluation: (1) the actual vhicle
volume required to satisfy the input mission profile, and (2) the time on sta-
tion that the input vehicle could achieve at the specified range to stacion if
each mission segment duration were scaled upward or downward. These performance
estimates are useful in determining the performance capability of a vehicle
sized for one mission in other mission applications.

C-6
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DATA TRANSFER (NAPSAP MAIN)
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Figure C-3. MiSsiOn Profile Subroutine
Top Level Flow Chart.
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MISSION PROFILE VEHICLE RESIZING OPTION

One of the important features of the NAPSAP program is the capability to
perform multiple iterations through the basic sizing program and the mission
profile subroutine to determine the vehiclce volume required to "exactiy" skitiwtv
an input mission profile (Figure 2.-2). The parameter TOTDVV is used ais the
control variable to determine whether the vehicle volume required is ilarger' or
sm~aller than the input vehicle. A new hull volume is defined and the untire
sizing and performance re-*evaluated until vehicle size exactly ilatelicia Lhe
mission profile requ. -ewents.

OTHER PROGRAM OPTIONS

* The parturbation factor (KF(i)) option cani be exercis'o.d with anly otLhr
program option (see Figure C-2). This feature allows sils-.Llivity Nt~udiu; to ho"
made of the effects of several key design or performnanc variables. ThosLo
include: induced drag, total drag, propulsion efficiency, total propiulslonl
weight, envelope weight, car weight, total non-propuLsive weight, aind auitiniiary
gear weight. Growth for additional variables has been provided.

The parametric design variable option allowsi any one or moire of thu Col.-
iowing input variaLles to be changed with a sinlgle iniput card: huill voL1ue,
gross weighL, Beta, design speed, design altitudo, tiumhur ot V.tigtltus, anld huill
fineness ratio. Vic change is made to the~ basfr. ca.me in~put da~ta and thu ent~ire
program is r~erun. MIultiple cases may he run with thec singla input card.

The Oi f-fesqlgn Soeed option allows thin generaliz~ed purl!()rmalnLc otf a vuhiclu
sized for the input desig&n speed to he ovaluated atL lowu.r airsuuedu.

OTHER PROGRAM CAPABILM~ES ',NJ) SAMPLE RE:SULTS

NAPSAP can analyze three different typoS of' -,r oul,:i.ionl tiyutjLnu); 11:114
turbines, diesels, and srark ignition ruciprocating ungillos. 1-iehi engiLldIM [vD
has its own characteristics in terms of performance variiaitlou wLt i L.r:4put~d,
a.titude, and specific fuel congumiption variation with thicottie stinLL1g. Aiý. 1( of

these factors are Important in compltex muission prof iles whereL ut i ch LI.M Lu pvi ?4on
at low speeds.

EFFECTS OF HEAVINESS

The vehicle volume sensitivity to take off heavinci*u: (Be tri) oani be ana-
lyzed. The "optimum" Beta is a strongl~y mission depuridCILt Vari~bo ' M1"i salami
which have the majority of time at high speeds will, tund Lo 'opt lul2n" tic I i~w
Betas. Missions which have large percentage,1 of timte at low :l1:v.ed or hvovr Lond
to opt'imize at higher Betas, depending on the range to f,;Ltionl (hun':e, 1:11.l
consumed in transit).

SMOM4AY AND CONCLUSILONS

The Naval Airship Program fcr Sizing and Performance, NAPSAP, haii hboei
developed to assist the U.S. Navy's LTA Project Office aL the NavaL Air hDevehop'-
r-ent Cent:er in their continued analysis of the technica.l and operlaioil.a
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[eANhIIU.Ly of ilodurn LTA vehlicles. NAPSAP can perform preliminary design and
psn* sivtrelo pu.formant!Q aniilysis of rigid or non-rigid LTA vehicles in conven-
Lb.oiiaL. o:ikkC off oil VTOL operations with various types of propulsion. Program
c~p?1bitiLlia~ include thu following:

1, Point: diA Lgil '/hiclu t4izing and performance evaluation at constant
9000d and al~it~udu.

2. PVornurwwe evaluLILimoi of the Point Design vehicle at speeds below the

3. PtArllu~i(ut acla Iyw4.N of a PoinL bDesign vuhic~le sizing and performance ~as
A nc i'ILon 'ot the porilIrbiNIILio of, key duaign or operational purameters.

4. PeLLI w V41,1atLio of ~i Voi±lt Deulgn vuhicla over complex mission
piol 1,10W cil' tup (v IOU W191,iluiLii. SAegiton(u may oonistul of cruise, hover, payload
pol %il or p off 1.osl, 411d rokfu i.lig , and ma1y incelude the utffu c Is of linisaoion
.io pendgint 4Xplndah [CM, aux-I lb ry jpcwor, Lowing fuoies, and ballaut requirements.

%11'4 iI[lplt L turI iM LLI ion f Htin, vuhiclu M41ziup, and winlsluio profile per-
1i illowlt u Vo 1114 L uilI4 (o (t14ie Lir ue Lhu minimum voLlicle ye twin ruqulrud to HO tiflfy
01M 111)llI II L"Mloit puoif Ito.

NAL, 14 fAi' 4 m' ki-hlu 4 u~n,I yt~o0 toool Fo 1 r p rul iiinary 6L~iign 411d puIrM1,1tr icA
tiva a Iciio of L) M0o111i~ 41I and epritL:LIna I Cuo l~biliLy of iiltdurf LTA vehiicles *
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REPRESENTATIVE PROFILE

ELT" Search and board (27.5 Hrs)

1. Wa'r--up, take-off @ S.L. TOGW

Standa• i Day (T-59°F) 0.25 HRS

2. Climb to alt - 5, 000 FT 0

3. Cruise 250 NM @ 50 01 5.0

4. Sweep @ 50 1K7 for 5 HiS 5.0

5. Dash @ 90 KN for 0.5 KN .5

6. Descend to alL - 50 FT 0

7. Hover for 0.25 HRS .25

8. Loiter @ 30 KN for 1 HIT 1.0

9. Hover for 0.25 HRS .25

10. Climb to alt 5,000 FT 0

11. Sweep @ 50 M• for 4 MRS 4.0

12. Repeat Steps #5-11 once 6.0

13. Cruise 250 M4 @ 50 XN 5.0

14. Descend and land @ S.L. with
10 percent fuel remaining .25

FIXED PAYLOAD, 4,420 LBS Crew: 11

MISSION PAYLOAD: 3,249

TOTAL PAYLOAD: 7,669 LBS

D
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ELT: Mission Payload

1. Crew of 11 (@ 200 #/man) 2,200

2. Provisions, General Store, and
Potable Water (@25 #/man-day) 315

3. Inflatable boat w/motor and fuel 411

4. Rescue Equipment 81

5. Dewatering Pumps 110

6. Firefighting equipment Set 90

7. Smoke and Light Floats (@ 6 each) 42

3,249 LBS

D
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REPRESENTATIVE PROFILE

MEP: Initial Clean-up, C3  (12.5 fiRS)

1. Warm-up, take-off @ S.L. TOGW

Standard Day (T-59°) .25 HRS

2. Climb to alt - 5,000 FT 0

3. Cruise 50 NM @ 50 KN 1.0

4. Descend to alt - 100 FT 0

5. Hover (Pick-up mission payload) .5

6. Climb to alt - 1,000 FT 0

7. Cruise 25 NM @ 50 KN .5

8. Off-load payload - Hover .5 HR .5

9. Cruise back 25 M @ 50 KN .5

10. Repeat Steps #4-9 two times 4.0

11. Climb to alt - 5,000 FT 0

12. Loiter @ 30 KN for 3.5 HRS 3.5

13. Cruise 75 D, @ 50 N 1.5

14. Descend and land @ S.L.
with 10 percent fuel remaining .25

FIXED PAYLOAD: -4,420 LBS Crew: 6

MISSION PAYLOAD: 17,952

TOTAL PAYLOAD: 22,372 LBS

a
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MEP: Mission Payload

1. Crew of 6 (@ 200 #/man) 1,200

2. Provisions, General Stores, and Potable
Water (@ 25 #/man-day) 78

3. Inflatable boat w/motor and fuel 411

4. Rescue Equipment 81

5. Pump 110

6. Firefighting Equipment Set 90

7. Smoke and Light Floats (@ 6 each) 42

8. Chemicals for Spill 500

9. Harbor Oil Boom (one @ 2 #/FT) 440

10. Oil Recovery Devices 15,000

TOTAL 17,952

D

a
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REPRESENTATIVE PROFILE

MO/MP: Towed Array ASW, Attack (26.5 HRS)

1. Warm-up, take-off @ S.L. TOGW
Standard Day (T-59'F) .25 MRS

2. Climb to alt - 5,000 FT 0

3. Cruise 300 124 @ 40 KN 7.5

4. Descend to alt - 300 FT 0

5. Tow away @ 10 KN ior .5 HR .5

6. Cruise 15 NK @ 30 KN .5

7. Repeat Steps #5-6 fourteen times 14.0

S. Dash @ 90 KN for 1 HR 1.0

9. Attack (deploy weapons) 0

10. Cruise 100 NK @ 40 KN 2.5

11. Descend and land @ S.L, with
10 percent fuel remaining .25

II7,LL PAYLOAD: 4,420 LBS Crew,: 11

MISSION PAYLOAD: 6,520

TOTAL PAYLOAD: 10,940 LBS

D-7
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MO/MP: Mission Payload

1. Crew of 11 (@ 200 #/man) 2,200

2. Provisionst General Stores, and
Potable Water (@ 25 #/man-day) 315

3. Rescue Equipment 81

4. Towed Array Systen (including processor) 1,500

5. MK-46NT (3) 1,524

6. VLA/DIFAR (Dwarf) (20) 200

7. Marker, BT, AN 300

8. MAD Gear 400

TOTAL 6,520 LBS

I
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REPRESENTATIVE PROFILE

PSS: Fazardous Vessel Escort (8.35 IS)

1. Warm-up, take-off @ S.L. TOGW
Standard Day (r-59*F) .25 HRS

2. Climb to alt - 5,000 FT

3. Cruise 50 NK @ 40 KN, 1.25

4. Loiter @ 30 KN for 6 HRS 6.0

5. Descend to alt - 1,000 FT 0

6. Cruise 25 NM @ 40 KN .6

7. Descend and land @ S.L. with
10 percent fuel remaining .25

FIXED PAYLOAD: 4,420 LBS Crew: 6

MISSION PAYLOAD: 1,817

TOTAL PAYLOAD: 6,237

g D-9
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PSS: Mission Payload

1. Crew of 6 (@ 200 #/man) 1,200

2. Provisions, General Stores, and
Potable Water (@ 25 #/man-day) 52

3. Rescue Equipment 81

4. Dewatering Pump (2) 220

5. Firefighting Equipment Set (2) 180

6. Smoke and Light Floats (@ 12 each) 84

TOTAL 1,817 LBS

I
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REPRESENTATIVE PRCFILE

SAR: Search, Board, 'Tow (13.6 HRS)

i. Warm-up, take-off @ S.L. TOGW
Standard Day (T-59 0 F) .25 HRS

2. Climb to alt - 5,000 FT 0

3. Cruise 25 NM 9o KN ' .3

4. Search for 1.5 MRS @ 60 KN 1.5

5. Descend to alt - 100 FT 0

6. Hover fo: .5 HRS .5

7. Loiter @ 30 KN for 2 HRS 2.0

8. Hover fo,• .5 HRS .5

9. Tow @ 6 KN for 50 m 8.3

10. Descend and land @ S.L. with
10 percent fuel remaining .25

FIXED PAYLOAD: 4,420 LBS Crew: 8

MISSION PAYLOAD: 2,490

TOTAL PAYLOAD: 7,910

A
D-11
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SAR: Mission Payload

1. Crew of 8 (@ 200 #/mnan) 1,600

2. Provisions, General Stores, and
Potable Water (@ 25 #/man-day) 114

3. Inflatable boat w/motor and fuel 411

4. Rescue Equipuent 81

5. Dewatering Pump 110

6. Firefighting Equipment 90

7. Smoke and Light Floats 84

TOTAL 2,490 LBS

II
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REPRESENTATIX'E PROFILE

A/N: Buoy Maintenance (1.1,0 IIRS)

1. Warm-up, take-off @ S.L. TOGW
Standard Day (T-59 0 F) .25 IUU4

2. Climb to alt - 1,000 FT 0

3. Cruise 150 NM 50 KN 3.0

4. Descend to alt - 100 FT

5. Hover for 0.5 HRS ,3

b. Climb to alt - 509 FT 0

7. Cruise 80 NM @ 50 KN 1.6

8. Repeat Steps #4-7 four times 8, 4

9, Ci.imb to alt - 1, 000 FT )

10. Cruise 150 NM @ 50 (N '1,)

11. Descend and land (d 8.L. wiLlh
10 percent fuel rtnaining

FIXED PAYLOAD: 4,420 LBS Cu.W. N:

MISSION PAYLOAD: 2,976

TOTAL PAYLOAD: 7,41.9

1-1.
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1UMPRE 'SLN'1ATW PVF1ROV1 ILEF

4 S'A LOU VWX (SL . Johnu)l (35.5 ILRS)

1I. Wairm~-up, Lakio-of 0 1 S 'IL4.L TOGW
Ilfauiurd DLav (TI-59`10) *2 !IRS

2, (1111111 Lo IILt - 5, 000 10TI 0

3. Uzvuluu IUO NM (40 [eVN .

4, Nwowlp J 60U RN Cov 3U I1101 Jul()

5, i.wU u LOU NM 0~ 40) RN ,
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MSA: Mi~jsion Payload

1. Crew of 11 (@ 200 #//man) 2,200

2. Proviniona, Ganertilr Storuu, and
Potable Wat~ur ((l 25 #/i/man-day) 407

3. tai'latable bout w/lilu~r und fuel 411

4. Itwuacu Efquipaunti 81

5. DuWiALQriLIKum 110

6J. 10iLutgLin L41 Et4lqU LAIMUUL 90

7. I ~uuku muid l Lght I'lutLiL, ( muchi~l) 42

*~~ 3,4 .t
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REPRESENTATIVE PROFILE

10: Ice Mapping (Great Lakes) (20.5 [-RS)

1. Warm-uip, take-off @ S.L. T0GW
Standard Day (T-59*V) .25 HRS

2. Climub to alt - 5,000 VT

3. Matp (d 60 KN for 20 IiRS 20.0

* 4. J)uciund wnd land 0 S.,L. wiLh
10 purc~ull Ilual runianiali, .25

1'TXUD PAYL,00., 4,420 LBlU Crowi 6

* MISSUIN PA'xLOADi 3,000

TOTAL PAYLOADI 7,420

MO
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10 : 1tas.sinn. Pay.1load ...... .....

1. Crew of 6 (@ 200 #/man) 1,200

2. Provisions, General Stores, and
Potable Water (@ 25 #/man-day) 66

3. Inflatable boat w/motou and fuel 411

4. Rescue Equipmunt 81

S. DvwaLcr iný, Ptwp 110

6. 10iref ighLing Xqu ijneiLt 90

7. * &wko and Light 1"toa t: (M, 6 eac Ih) 42

t3. ScuLeLitic 1L1usrumuuL .

TOTAL 3,000 LBS

S
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Since the vehio-le designs! (both in-house and contracted) descrlbad in
Chapters V and VII were intended co toe only of a conceptual .atur,?, some
quest-ions could be raised, at the legitimnacy o. performing sensitiv-ity studlitc-.
However, it was fel.t thi~t ar. least the tLronds of these analyses; should- be nt. -
(:ureoe if not the discrete data. For that rradsun a zoLrie3 of key parametur
variLations was examined.

To otudy the effects of variation or. key paranmeterii, corl~aln variables were
fixed to a~imp).iiy the analyses. 1?irst, the repri.4entative mission profile for
"LLT wns choaen no nortraying P~ wide -puctrumw if all Coust Guava r~t.ssiorls (note
that the ZP-X dumign aUitud for ME~P i8 oversized fur this misgion re-sulting inl 1
pavformanco bonus inl idurtnecL and/or payload Nor IU1T); tAfld second, 6a mnentL'.(nod

* ~above, the MPJAS duisign vuliici2 thio ZP-X, was esal~ aN~a tho bajoeiie (tli.Ls
fixedl ti'eA groiku W~i~ght) along with the dodign dev i'w~cma raQcuirvlu11tk; is'ch ut4
90 kilot dasih uputid and 5,000 fo~ll alttLude. Following ara the rauult:Lig data lis
four pvlinaty vairiablun are varied. 'Vhi~w fuut duo IDesigt TDauh Sputid, 1)QuLgn
All I~.Ltucldil 8structural. A4ighL, Ulld Total Urng CO~lf -ciuutIV III addit~iUA to grilpl-
iCdAl. OL'U1, ofý A to'Vrioll Of) th '1w t:g'i LU, tanbu lar d.3 ta l ko it!-ILidtid (.eux bm ii se' LO
wc pI.0r4 OftQLLN ot4 )Lher paruiniautl'.4

E ~i~i-1 , '' fUCL L'. c CO1M.4KLv 'hua44 81oud Ye," La Llion,' 14 L1p tays Lhi votvy
"t lo41 imtit lu 1.6~L~a4:I 61olvt )I' oI d~kil klgn l 4 ash 41;Ul '15A hL VillA LIILI11 4Ii',L1# SAld 140t Ho-

po.wor4 t C~~vol, .1 TalI4 . E-1', pt wu~IlaW U41 a1 poroollti4I l:f' hti I 4 1. 1 ~t411o ro:4 N'li I
LWvLLy 0.11i4Cl4.~g.W L- Ul Lil -iia m apaK141111t(ud.

V 4idito w 1.4.4W 11111 1,91 t ",4l o4 r whii.u L i tell Mu t~roind Lng mcd nui 1,04 VONA 1.14 U. AL NO ill

1111aun toLUllyrlitwl )Ix~WUL 1Ir~ at~~ di4lwillitAh l 411ov lowoi' ilwtllý.4Ay iIlyl 1.0i Laws4

1' 1611IviJ li.'ll, 11'Lxt: il't. .)I, NS4ill~tl'. i l, Wtds. 4lqli, Va.l'idt i ull,'' killotis 11(1W wvliV t I'4 IT lv
a ~ ~ 4t~WA l I W4.'lýI1i Nil'? L.I,11i4 (AW141119i111. 1W. uuKLMu'Led .11)4l11 li1"Wi'Itl iltl'4.il,4tI i i MiICII 1.4 t4i ol i'l.

41.1 &'4) t-4,'t itit t .11 f lt-ho , , i llt.i llit' V'JMi) 1,0 14 ., I- I4IJWW I 111141,11011 Utd1 '4 t,1:1'a ,( *'Ai'' iL
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ELT MISSION flESIG'N, VOLUME 783.696
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As described in Chapter VIII, the missions of the Coast Guard are examined
on a histogram basis from several perspectives. In Chapter VIII, the overall
picture is presented with all eight programs compiled together. This appendix
addresses each program separately.

A series of three histograms (with the exception of MO/MP for which opera-
tional data was not available) are presented for each Coast Guard program:

1. Flight Hour Requir•nent as a Function of Mission Duration;

2. Number of Missions as a Fun'itiou of Mission Duration; and

3. Number of Profiles as a Function of Mission Duration.
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APPENDIX G

EFFECTIVENESS MODEL

G-1

-X G-w
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A description of the computer effectiveness model is presented in ChapterIV. This appendix provides the program listing.
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This appendix presents the data output of the computer effectiveness model
(described in Chapter VIII and Appondix F).

The output includes hourly and mission cost (1979$), fuel cousumed, mission
duration, and total annual mission hours for each profile.

The first 11 coiur.ns summarize the mission profile and are input to the
program. The next column is the average hourly coot, followed by the total cost
of performing the mission. Both of these costs are based upon l.fe cycle cost
estimates. The next cclumn gives the total fuel consumed in performance of the
prcfile. The next column lists the duration of a single missioa, and the last
column gives the ar.nual fl'ight hour requirement associated with all occurrences
of a profile. If a profile exceeds the capabilities of the vehicle, it is noted
in the output.
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ID MISSION TASK TASK TASK TASK TASK TASK TASK SEARCH OCCUR- HOURLY TOTAL FUEL DURATION TOT
NUMPER PAYLOAD 1 2 3 4 5 6 7 TYPE ENCE COST COS7 ILBS) NHRS) (HR

1.1.1 1289. 50.0 150,0 1.0 0.0 0.0 2000.0 0.0 1 10 $ 751.14 S 4131,25 1718.5 5.50 55.
1.1.2 1269. 50.0 300.0 2.0 0.0 0.0 2000.0 0.0 1 10 S 751.05 9 7135,01 2958,5 9,50 95.
1.1.3 1289. 100.0 200.0 2.0 0.0 0.0 5000.0 0.0 1 10 $ 751.07 4 6384.07 :648.5 8.50 85.
1.1.4 1289. 100.0 300.0 2.0 0.0 0.0 5000,0 0.0 1 10 6 876.54 0 9203.70 32S8.5 10.50 105.
1.1.5 1289, 100.0 200.0 4.0 0.0 0.0 5000.0 0.0 1 10 * 876.54 4 9203.70 3268.5 10.50 105,
2.1.I 734. 0.0 0.0 0.0 20.0 0.0 0.0 0.0 1 10 $ 1083.44 $ 21668.80 6200,0 20.00 200.
2.1.2 734, 0.0 0.0 0.0 35.0 0,0 0.0 0.0 1 75 $ 1083.44 S 37920,40 10850.0 35.00 2625.
2.1.3 734, 0.0 100.0 4.0 20.0 0.0 0.0 0.0 1 25 $ 1083.44 S 28169.44 8060.0 26.00 650.
2.1.4 734, 0.0 100.0 6.0 35.0 0.0 0.0 0.0 1 100 S 1083,44 $ 46587.91 13330.0 43.00 4300.
2.1.5 734, 50.0 0.0 0.0 3.0 0.0 0.0 0.0 1 10 $ 750,94 S 3003.76 1240.0 4.00 40.
2.1.6 734. 50.0 50.0 4.0 10,0 0.0 0.0 0.0 1 50 $ 876.44 $ 14023.04 4960,0 16.00 800.
2.1.7 734, 50.0 0.0 0.0 15,0 0.0 0.0 0.0 1 50 $ 876.44 $ 14023.04 4960.0 16.00 800.
3.1.8 734, 50.C 50.0 2.0 15.0 0.0 0.0 0.0 1 100 6 876.44 $ 16652,36 5890.0 19.00 1q00.
2.1.9 734, 50.0 0.0 0.0 20.0 0.0 0.0 0.0 1 25 s 1063,44 $ 22752.24 6500,0 21.0, 525.

2.1.10 734. 50.0 100.0 4.0 20.0 0.0 0.0 0.0 1 100 s 1063.44 1 29252.88 8370,0 2Y.00 2700.
211.11 ;34, 50.0 200.0 10.0 70.0 0.0 0.0 0.0 2 200 S 1083,44 $ 41531.86 11083.3 38.33 7666.
2.1.12 734, 150.0 50.0 2.0 5.0 0.0 0.0 0.0 1 50 $ 876.44 S 964,.84 3410.0 11,00 550,
21,.13 734, 150.' 100.0 4.0 20.0 0.0 0.0 0.0 1 100 $ 1083.44 1 31419,76 8990.0 39.00 2901.
2.1.14 734. 500.0 50.0 2.0 25.0 0.0 0.0 0.0 1 50 $ 1083.44 1 41170.71 11780.0 3.9.00 1900.
2.1.15 734, 500.0 100.0 4.0 50.0 0.0 0.0 0.0 2 200 $ 1083.44 $ 35392.38 10126.7 32.67 6Z33.
2,1.16 734, ý00.0 200.0 8.0 100.0 0.0 0.0 0.0 2 100 $ 1084.49 S 60008.21 17876.7 55.23 5533,
2.1.17 734. 2000.0 100.0 4.0 25.0 0.0 010 0.0 x 50

FUEL CONSUMED[- 26706.7 GREATER THAN LIMIT *18C42,31
MISOION TERMIHATED IN TAI-K 4
2.1.18 734. 2000.0 150.0 6.0 50.0 0.0 0.0 0.0 1 25

FUEL CONSUMED,- 57774.9 GREATER THAN LIMIT -18842.31
MISSION TERMINATED IN TA3K 4
2.1.19 734. 2000.0 200.0 8.0 100.0 0.0 0.0 0.0 2 50

FUEL CONSUMED,- 39376,3 GREATER THAN LIMIT -18042,31
MISSION TERMINATED IN TASK 4
2.1.20 734. 1000.0 0.0 8.0 15.0 0.0 0.0 0.0 1 300 • 1083.44 $ 46587.91 13330.0 43.00 12900.
2.2.1 734. 0.0 100.0 4.0 20 0 2.0 0.0 0.0 1 25 s 1083,44 $ 30336.32 8680.0 26.00 700.
2.2.2 734. 0.0 100.0 6.0 35.0 2.0 0.0 0.0 1 100 $ 1083.46 S 48755.52 13959.1 45.00 4500,
2.2.3 734, 50.0 50.0 2.0 10.0 2.0 0.0 0.0 1 10 $ 876.44 $ 14023.04 4960.0 16.00 160.
2.2.4 734. 50.0 50.0 2.0 15.0 2.0 0.0 0.0 1 50 $ 1083.44 $ 22752.24 6510.0 21.00 1050.
2.2.5 734. 50.0 100.0 4.0 20.0 2.0 0.0 0.0 1 10 $ 1083.44 $ 31419.76 8990.0 29.00 290.
2.2.6 734. 50.0 200.0 10.0 70.0 4 0 0.0 0.0 2 100 1 1083.44 S 45865.63 13123.3 42.33 4233.
2.2.7 734. 150.0 50.0 2.0 5.0 2.0 0.0 0.0 1 10 4 876.44 $ 11393.72 4030.0 13.00 130.""2.a 734, 50.0 100.0 4.0 20.0 2.0 0.0 0.0 1 0O S 1083.44 S 33586,63 9610.0 71.0 3100.

2.2,.9 73A. 500.0 50.0 2.0 25,0 4.0 0.0 0.0 1 26 6 1083.44 $ 45504.48 13020.0 42.00 1050.
2.2!I0 734. 500.0 100.0 4.0 50.0 4.0 0.0 0.0 2 100 $ 1083.44 $ 39726.14 11366.7 36.67 3666.
2.2.11 734. 500.0 200.0 8.0 100.0 ,0) 0.0 0.0 2 200 1 1084.,5 0 621913.2,- 1 R7H6. 57.33 11466.

2.1.12 734 2,)r.0 100.0 4.0 1 50 4.) 0.0 0.0 1 50

rUEI CQNCMFi(M[A .1?11.7 GFEATFR THAN LIMI{I ý10U42. 31
MI ;1,),4 T[E M!MArfi IN TASK 4

2,2.13 734. 2000,0 150.0 6,0 50. .3.0 0.0 0.0 1 5
FUEL COH•j'31-ED. 6115"V.9 tihEArER THAN LIMIT =1T542.31

MI513ut' tE-MINPIEU IN TH0K 4
2.2,14 734. 2000.0 200.0 8.0 100.0 2.0 0.0 0.0 2 50

FUEL CONSUMEDI- 41619.7 GREAtL. THAN LIMIT -18N42.31
HMISSI3ON TEr'MINATED IN TASK 4
2.2.15 734, 1000.0 0.0 8.0 15.0 2.0 0.0 0.0 1 ;0 $ 1083.46 1 48755.!2 13959.1 45.00 2250.
2.3.1 734. 25.0 50.0 15.0 15.0 2.0 0.0 0.0 1 2 $ 1083.44 $ 36295.23 10385.0 33.50 67.

S2.3.2 734. 25.0 50.0 2.0 15.0 2.0 0.0 100.0 1 1 $ 1078.46 1 22892.91 7555.0 30.50 30.
_.-. 734. 50.0 100.0 20.0 20.0 2.0 0.0 0.0 1 2 • 1083.46 1 48755.5; 13959.1 45.00 90,
2.3.4 734. 100.0 0 50.0 2.0 0.0 0.0 1 1

'UEL CONSIJrnD- 3052.1I IREATER THAN LIMIT 18842,31
MISIlnN TEPMINATED IN TACK 4
2,- . 734. 1000.0 200.0 !)0.0 50.0 2.0 Q.0 0.0 1 2
F F•' - )N'; ',)I[ ?'926 p r, EA rr THAN LI[MNI -I R47. 51
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27336 4.7A 500.0 0.0 50.0 15.0 2.0 0.0 0.0 1 Z
FUEL CONSUME[' 20086., GREATER TNAN LIMIT 18842.31

MISSION TERMINATED IN TASK 3
3.1,1 1234. 50.0 10.0 0.5 10.0 0.0 0.0 0.0 1 tO0 $ 876.44 1 10254,3- 3627.0 11,70 1170.
3.1.2 1234. Z0.0 10.0 0.5 20.0 0.0 0.0 0.0 1 50 6 1083.44 $ 23510.65 6727.0 21.70 1085.
3.1,3 1234. 100.0 10.0 0 5 10.0 0.0 0.0 0.0 1 t00 S 876,44 1 11130.79 3937,0 12.70 IZ70.
3,1.4 1234. 100,0 10.0 0.5 20.0 0.0 0.0 0.0 1 100 $ 1083.44 $ 24594.09 7037.0 22.70 2270,
3.1.5 1234. 100.0 10.0 0.5 50,0 0.0 0.0 0.0 3 100 S 1083,44 $ 39039.95 11170.3 36.03 3603.
3.1.6 1234. 500,0 10.0 0.5 50.0 0.0 0.0 0.0 3 50 t 1083.48 $ 47749,05 13670,0 44.03 2201.
3.1.7 1234. 1000.0 10.0 0.5 50.0 0,0 0.0 0.0 3 25 1 jn 8 4,57 $ 58603.08 17515.4 54.03 1350.
3.1.8 1234. 200.0 0,0 4,0 0.0 0.0 0.0 0.0 1 100 t 750.94 $ 6007.52 2480.0 4.00 800.
3.1.9 1234. 500.0 0.0 4.0 0.0 0.0 0,0 0.0 1 100 $ 876.44 $ 12270.16 4340.0 14.00 1400.
3.11 1234. 200.0 0.0 4.0 0.0 1.0 0.0 0.0 1 10 S 750:94 # 6758:46 2790.0 9,00 o0.
3.1.11 1234. 500,0 0.0 4.0 0.0 1.0 0.0 0.0 1 10 1 876.44 I 13146,60 4650.0 15.00 150.
3.3.1 1234. 200.0 i0.0 8.0 0.0 0.017000.0 0.0 1 1

FUEL CONSUMED1- 6222.4 GREATER THAN LIMIT 3278.61
MISSION TERMINATED IN TASK 3
3.3.2 1234. 50.0 10.0 2.0 0.0 O.0ot000.0 0.0 1 1 $ 763.03 $ 2823.21 1706.2 3.70 3.
3,3.3 1234. 50.0 10.0 4.0 0.0 0.0 500.0 0.0 1 10 S 751.33 s 4281.44 1780.5 5.70 57.
3.3.4 1234. 50.0 10.0 4.0 0.0 0.0 1000.0 0.0 1 10 $ 751.13 $ 4281.4, 1780.5 5.70 57.
3.3.5 1234. 100.0 10.0 4.0 0.0 0.0 500.0 0.0 1 10 $ 751.10 s 5032.38 2090.5 6.70 67,
3.3.6 1234. 100.0 10.0 4,0 0.0 0.0 1000.0 0.0 1 10 * 751.10 $ 5032.38 2090.5 6.70 67.
3.3.7 1234. 100.0 IC0 8.0 0.0 0.0 3000.0 0.0 1 5 $ 876.54 $ 9378.99 3330. 10,70 53.
3.4.1 1234. 50.0 0.0 4.0 0.0 0.0 0.0 0.0 1 25 S 750.?4 $ 3754.70 1550.0 5,00 125.
3.4.2 1234. 50.0 0.0 12.0 0.0 0.0 0.0 0.0 1 10 4 876.44 $ 11393.72 4030.0 13.00 130.
3.4.3 1234. 50.0 0.0 24.0 0.0 0.1) 0.0 0.0 1 10 1 1083.44 $ 27016.00 7750.0 25.00 250.
3.4.4 1234. 100.0 0.0 8.0 0.0 0.0 0.0 0.0 1 5 $ 876.44 * 8764.40 3100.0 10.00 50.
3.4.5 1234. 100.0 0.0 36.0 0.0 0.0 0.0 0.0 1 5 $ 1083.44 $ 41170,71 11780.0 38.00 190.
4.1.1 4005. 25.0 25.0 0.0 10.0 0.0 0.0 0.0 1 0 $ 876,44 $ 9640.84 3410.0 11.00 0.
4.1.2 4005. 25.0 25.0 0.0 200.0 0.0 0.0 0.0 2 0

FUEL CONJUMED- 29135.2 GREATER THAN LIMIT -15898.41
MISSION TERMINATED N TASK 4
4.1.3 4005. 100.0 25.0 0.0 10.0 0.0 0.0 0.0 1 0 $ 876.44 $ 10955.50 3875.0 12.50 0.
4.1.4 4005. 100.0 25.0 0.0 100.0 0.0 0.0 0.0 7 0 $ 1063.52 1 38626.22 11145.2 35.83 0.
4.1.5 4005. 500.0 25.0 0.0 50.0 0.0 0.0 0.0 2 0 $ 1083.44 $ 29433.45 8421.7 27.17 0.
4.1.6 4005. 500.0 25.0 0.0 200.0 0.0 0.0 0.0 2 0
FUEL CONSUMED- 38796.2 GREATER THAN LIMIT -15696.41

MISSION TERMINATED IN TASK 4
4.1.7 4005. 1000.0 25.0 0.0 50.0 0.) 0.0 0.0 2 0 $ 1083.62 9 40274.41 11603.6 37.17 0.
4.1.8 4005. 1000.0 25.0 0.0 200.0 0.0 0.0 0.0 2 0

FUEL CONSIIMEDI- 52439.3 GREATER THAN LIMT "15698.41
MIj3sIN TERMINATED IN TASK 4
4,1.9 4005, 3000.0 25.0 0.0 50.0 0.0 0.0 0.0 2 0

FUEL CONSUMEDT 23120.9 GREATER THAN LIMIT -15898.41
MISO[ON TERMINATED IN TASK I
4.1.10 4005. 10(1.0 25.0 0.0 200.0 0.0 0.0 0.0 0

FUEL CCNSIJMT[L- 231.20.9 GREATER rTAN LIMIT .15890.41
MIl-.3IUtJ TESMpJATEE IN TASK I
.1.2. 1 41)0. 50.0 0.0 0.0 Ivt 0 0.0 0.0 0.0 4 0 S 750.94 S 3754.20 1'50,O. 5.00 0.
4.2.. 'O00. 50.0 0.0 0.0 50.) 0.0 0.0 0.0 4 0 I 1083.44 1 227, 2.4 6510.0 21 . )0 0.
4.2.3 4000. 100 0 0.0 -).U 50.0 0.0 0.0 0.0 4 0 S 1043.44 s 2W J;..50 1820.0 22.)0 0 .
4.2.4 40'). 100.0 0.0 0.0 100.0 0.0 0.0 0.0 4 0 1 1084.22 f 45037.16 13428.5 42.00 0.
4,2.5 4005. 500.0 0.0 0.0 10.0 0.0 0.0 0.0 4 0 1 U76,44 $ 12270.16 4340.0 14.00 0.

4.2.6 4005. 500.0 0.0 0.0 50.0 0.0 0.0 0.0 4 0 1 1083 44 $ 32503.20 9300.0 30.07 0.

4.2.7 4005. 500.0 0.0 0.0 100.0 0.0 0.0 0.0 4 0
FUEL CONSIIMED- 17098.3 GREATER THAN LIMIT -15898.41

MIS51ON TERMINATED IN TASK 4
4.2.8 4005. 1000.0 0.0 0.0 10.0 0.0 0.0 0.0 4 0 $ I0P3.44 9 26002.56 7440.0 24.00 0.
4.2.9 4005. 10OO.0 0.0 0.0 100.0 0.0 0.0 0.0 4 0
FUEL CONSUiMED= 23120.9 gREATER THAN LIMIT -15898.41

MISiION TERMINATED IN TASK 4
4.2.10 4005. 1000.0 0.0 0.0 500.0 0.0 010 0.0 4 0

FUFL CONSUMED- 1286084 GREATER THAN LIMIT -15899.41
MIS;ION TERMIlt-,TED IN TASK 4
4.2.11 COOS. 7QO.') 0.0 0.0 10.0 0.0 0,0 0,0 . 0 S I'V14, 'I t 47.'21.14 1424.,7 4.00 0.
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FUEL CONSUMED- 42254.5 GREATER THAN LIMIT -15898.41
ISSION TERMINATEL, IN TASK 4

4.2.13 4005, 2000.0 0.0 0.0 500.0 0.0 0.0 0.0 4 0FUEL CONSUMED- %522328 GREATER THAN LIMIT -15898.41
MISSION TERMINATED IN TASK 44.3.1 4005. 50.0 0.0 0.0 0.0 0.0 0.0 200.0 4 0 $ 1068.9.5 1 2442.24 2710. 2)1.00 0.4-3.2 4005, 50.0 0.0 0.0 0.0 0.0 0.0 1000.0 4 0 4 1068.39 6107907.,58 12311.7 i1ol. 0.4,3.3 4005. 100.0 0.0 0.0 0.0 0.0 0.0 1000.0 4 0 $ 1068.54 $108991.05 12622.3 $102. 0.4.3.4 4005. 10).0 0.0 0.0 0.0 0.0 0.0 20v0.0 4 0

FUEL CONSUMED. 24706,4 GREATER THAN LIMIT -15898.41
MISSION TERMINATED IN :ASK 74.3.5 4005. 500.0 0.0 0.1 0.0 0.0 0.0 200,0 4 0 $ 1073.31 $ 32199.20 5500.0 30.00 0.4.3.6 4005, 500.0 00 0.0 0.0 0.0 1000.0 4 0 $ 1069.63 1117659.19 15110.0 1i10. 0.4.3.7 4005. 500.0 0.0 0.0 0.0 0.0 0.0 2000.0 4 0

FUEL CONSUMED- 27219.0 GREAIER THAN LIMIT -15898.41
MISSION TERMINATED IN TASK 74.3,8 4005. 1000.0 0.0 0.0 0.0 0.0 0.0 200.0 4 0 q 1075.84 $ 43033.59 8600,0 40.00 0,4.3.9 "005. 1000.0 0.0 0.0 0.0 0.0 0.0 1000.0 4 0

FUEL CONSUMED. 18226,2 GREATER THAN LIMIT -15898.41
MISSION TERMINATED IN TASK 74.3,10 4005. 1000.0 0,0 0.0 0.0 0.0 0.0 2000.0 4 0FUEL CONUUMED- 30366.7 GREATER THAN LIMIT '15698.41
MIFSIUN TERMINATED IN TASK 74.3,11 4005. 2000.0 0.0 0.0 0.0 0.0 0.0 200,0 4 0 1 1078.70 $ 64722.25 15046.3 60.00 Q.4,3.12 4005, 2000,0 0.0 0.0 0.0 0.0 0.0 1OO000 4 0FUEL CONSUMED. 24725,2 GREATER THAN LIMIT -15898.41
MISSION TERMINATELI IN TASK 7
4.3.13 4005. 2000.0 0,0 0.0 0.0 0.0 0.0 2000.0 4 0FUEL CONSUMED- 36931.1 GREATER THAN LIMIT '15898.41
MISSION TERMINATED, IN TASK 74.4.1 4005. 50.0 50.0 1.0 10.0 0.0 0.0 0.0 4 0 $ 

7
50.94 s 5256.56 2170.0 7,00 0.4.4,.2 4005. 50.0 10,0 1.0 50.0 0.0 0.0 0,0 4 0 $ 1093.44 $ 24052.36 6882.0 22,20 0.4.4.3 4005, 50.0 50.0 1.0 50.0 0.0 0.0 0,0 4 0 $ 1003.44 $ 24919,12 7130,0 23.001 0.4.4,4 4005, 100.0 10.0 1.0 10.0 0.0 0.0 0.0 4 0 $ 750.94 4 5406.77 2232.0 7.20 0.4.4.5 4005. 100.0 50.0 1.0 10.0 0.0 0.0 0.0 4 0 $ 750.94 $ 6007,52 2480.0 8.00 0.4.4.6 4005, 100.0 50,0 1.0 50,0 0.0 0.0 0.0 1 0 $ 1083.44 $ 26002.56 7440.0 24.-)0 .4.4.7 4005. 500,0 10.0 1.0 10.0 0.0 0.0 0.0 4 0 S 876.44 $ 13321.6S 4712,0 15.20 0.4.4,8 4005. 500.0 50.0 1.0 50.0 0.0 0.0 0,0 4 0 S 1083,44 1 34670.08 9920.0 32.00 0.4.4,7 4005. 500,0 10,0 1.0 100.0 0.0 0.0 0.0 4 0

FUEL CONSUMED- 17729.0 GREATER TIAN LIMIT -1SdU0.41
MIS';ION TERMINATED IN TASK 4
4.4.10 4005. 500.0 50.0 1.0 100.0 0.0 0.3 0.0 4 0FUEL CONSUMED- 16162.3 GREAIER THAN LIMIT x'.696,41
MISSION TERMINATED IN rASK 44,4.11 4005. 1000.0 10.0 1.) 10.0 0.0 0.0 0.0 4 0 $ 1083.44 s 27302.6? 7812,0 25.20 0.I.4.12 400:, 1.ooo.o zo"o 1.0 100.0 0.0 0.0 0.0 4 0FUEL CONSrME[5= 24S,8,6 OkEATER THAN LtIMIr -'1y1.,4lj
MI"SSI N ILF*MINATE~i IN TAUt I4.I,13 4005. 1000.0 50,0 1 .0 500).e 0.0 0.0 3,) 4 0

PUPL CON'"4b. 1J018346 ,3t,%rtEk THAN LIMI1 'I 'WU,41
MI 3' nN TEMIA'LL IN rASK 44.4.14 400$. 1000.0 10.c 1.0 100.0 0.0 0.0 0.0 4 0FUEL CONSUMED- 239/J.1 GREATER THAN LIMIT -1699.41
MISSION rERMrNArETL iN TASK 4
4.4.15 4005. 2000.0 50.0 1.0 10.0 0.0 0.0 0.0 4 0 $ 1084.99 $ 40909.69 15153,1 46.30 0.4.4.16 4005. 2000.0 50.0 1.0 100.0 0.0 0.0 0.0 4 0FUEL CONSUMEr. 44879,5 GREATER THAN LIMIT -15898.41
MISSION TERMINATED IN TASK 4
4.4.17 4005. 2)00.0 50.0 1.0 500.0 0.0 0.0 0.0 4 0

FUEL CONSUMED, 1554738 GREATER THAN LIMIT -1589U.41
MISSION TERMINATED IN TASK 44.5.1 4005. 50.0 50.0 1.0 0.0 0.0 0.0 200.0 4 0 $ 1070.22 9 24615.12 3330.0 23.00 0.4.5.2 4005. 50.0 10.0 1.0 0.0 0,0 0.0 1000.0 4 0 1 1063.57 *109207.75 12664.4 1102. 0.
45.3 4005. 50,0 50.0 1.0 0.0 0.0 0.. 1000.0 4 0 $ 1068.68 $110074.55 12931.,0 103. 0.4.5,4 40CS. 100.0 .0.0 1.0 0.0 0.0 0.0 200,0 4 0 4 100P).34 $ 24CI 1,0 . 192.o 21.20 0.
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4.5.6 4005. 100.0 50.0 1.0 0.0 0.0 0.0 1000.O 4 0 % 1068,83 1111156.05 13•43.8 1104. 0.

4.5.7 4005. 500.0 10.0 1.0 0.0 0.0 0.0 200.0 4 0 $ 1073.20 $ 33499.32 5872.0 31.20 0.

4.5.6 4005. 500.0 50.0 1.0 * 0.0 0.0 0,0 2000.0 4 0
FUEL CONSUMED- 27847.6 GREATER THAN LIMIT =15898.41

MISSION TERMINATFD IN TASK 7
4.4 4005 . 5000 0.0 1.0 0.0 0.0 0,0 2000.0 4 0

FUEL CONSUMED- 27596.4 OREATER THAN LIMIT =15898.41

mISSION TERMINATED IN TASK 7

4.5.10 4005. 500.0 50.0 1.0 0.0 0,0 0.0 2000.0 4 0
FUEL CONSUMED- 27847.8 OREATER THAN LIMIT =15a98.41

MISSION TERMINATED IN TAFK 7
4.5.11 4005. 1000.0 10.0 1,0 0.0 0.0 0.0 200.0 4 0 $ 1076.06 $ 44333.73 8972.0 41.20 0.

4.5.12 4005. 1000.0 50.0 1.0 0.0 0.0 0.0 2000.0 4 0
FUEL CONSUMED- 30997.3 GREATER THAN LIMIT -15896.41

MISSION TERMINAT.ED IN TASK 7

4.5.13 4005. 1000.0 50,0 1.0 0.0 0,0 O.0100.OO0 4 0

FUEL CONSUMED- $112670 GREATER THAN LIMIT '15696.41

MISSION TERMINATED IN TASK 7
4.5.14 4005. 1000.0 10,0 1.0 0.0 0.0 9.0 2000.0 4 0

FUEL CONSUMED- 30745.2 GREATER THAN LIMIT =15898.41

MISSION TERMINATED IN TASK 7
4.5.15 4005. 2000.0 50.0 1,0 0.0 0.0 0.0 200.0 4 0 6 1079 0 6 66902.66 15837.3 6•.00 0.

4.5.16 4005. 2000.0 50.0 1.0 010 0.0 0.0 2000.0 4 0
FUEL CONSUMED- 37734.5 GREATER THAN LIMIT '15898.41

MISSION rERMINATED IN TASK 7

4,5.17 4005. 2000.0 50.0 1.0 0.0 0.0 0.010000.0 4 0

FUEL CONSUMED- $13996n GREATER THAN LIMIT -15999.41
MISSION TERMINATED IN TASK 7

4.6.1 4C05. 50.0 100.0 2.0 1.0 0.0 0.0 0.0 1 0 7 750.94 1 4505.64 1860.0 6,00 0.

4.6.2 4005. 50.0 200.0 3.0 1.A 0.0 0.0 0.L 1 0 $ 750,.4 S 6750.46 2790.0 9,00
4.6.3 4005. 50.0 200.0 7.0 5,0 0.0 0.0 0.0 1 U 0 876.44 $ 10511.28 3720.0 12,00 0.

4.6.4 4005. 200.0 100.0 2.0 1.0 0.0 0.0 0.0 1 0 s 750.94 1 6758.46 2790.0 9.00 0.

4.6.5 4005. 200.0 200.0 2.0 5.0 0.0 0.0 0.0 1 0 $ 676.44 S 13146.60 4650.0 15.0U 0.

4,6.6 4005. 400.0 100.0 5.0 5.0 0.0 0.0 0.0 1 0 1 1063.44 $ 21668.80 6200.0 20.00 0.

4.6.7 4005. 400.0 500.0 10.0 5.0 0.0 0.0 0.0 1 0 1 1063.44 S 3!753.52 10230.0 33,00 0.

4.6.8 4005. 400.0 1000.0 10.0 5.0 0.0 0.0 0.0 1 0 S 1064,39 $ 46/21,75 13EI0.4 43.00 0.

4.6.9 4005. 400.0 1000.0 20.0 10.0 0.0 0.0 0.0 1 0
FUEL CONSUMED- 16096.4 GRE,)rER THAN LIMIT '15898.41

MISSION TERVINArED IN TASK 3
4.6.10 4005, 400.0 1000.0 10.0 10.0 0.0 0.0 0.0 1 0

FUEL CONSUMED- !6096.4 GREATER THAN LIMIT -15897.41
MISSION TERMINATED IN TASK 4

4,7,1 A005. 50.0 100.0 2.0 1.0 5.0 0.0 0.0 1 0 $ 876,44 $ 9640.84 3410,0 11.00 0.

4,7,2 .005. 50.0 200.0 3.0 1.3 10.0 0.0 0.0 1 0 $ 876,44 1 16652.J6 5890.0 19.30 0.

4.7.3 4005. 50.0 200.0 2.0 5.0 10.0 0.0 0.0 1 0 $ 1083.44 1 23k35,60 6920.0 22.')) 0.

4.7.4 4005. 200.0 100.0 2.0 1.0 5.0 0.0 0.0 1 0 1 976.44 $ 122'0.16 434.0.0 14.00 0.
4.7.5 4005. 200.0 200.0 2.0 5.0 10.0 0.0 0.0 1 0 $ t0)$..14 S 2)q6.)() 175).0 25.0 0.

4. '.6 400- . 400.0 100.0 5.0 5.) 5,0 0.0 0.0 1 0 $ 1OU3..4 S 27) 0.05 7753.) , 5. )0 0.
4.7.7 40-l,. 400,.) 50' . 10.0 Sd) 25.' 0.0 0.0 1 0

VUFL COW. JM!1- 19118.8 OFFA UEk THAN LIMI I -1 t/,I 41

Ml,,I,) 'ErMINATE(. IN TASK 5
4,.7.3 401)". 400.0 I'100.0 101. 5.1 50.0 0.0 C.0 1 0

FUEL C0NS:jMEb- 53772.6 GkFATER THAN LIMIT I15598.41

MIO:IION tIMrINArED IN TASK 5

4.7.9 4005. 400,0 1000,0 20.0 10.0 50.0 0.0 0.0 1 0
FUEL CORSUMED' 1.096.4 GREATER THAN LIMIT =15898.41

MISSION TERMINATED IN TASK 3

4.7.10 4005. 400.0 1000.0 10.0 10.0 20.0 0.0 0.0 1 0
FUEL CONSUMED- 21767.1 GREATER THAN LIMIT -15098.41

MISSION TERMINATED IN TASK 5

4.8.1 4005. 0.0 500.0 5.0 10.0 0.0 0.0 0.0 1 $ $ 1083.44 $ 27086,00 7750.0 25.00 0.
4.8.2 4005. 0.0 100.0 10.0 10.0 0.0 oo 0.0 1 0 1063.44 1 23835.68 6820.0 22.00 0.
4.8.3 4005. 0.0 200.0 10.0 ;,0. 0.0 0.0 0.0 4 0 S 1083.45 1 36087.29 10544.1 34.00 0.

4.6.4 4005. 0.0 500.0 20.0 50.0 0.0 0.0 0.0 4 0
FJFL O IMq1)mfE'- L7090.3 GFFAtFR THAT L(MIT I I5 1fj.41

1 -~ '''1' ).
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4,.a5 4005. 0.0 200,0 2..0 100.3 00 '3.)0 0.0 4 0
FUEL CONSUMED- 2.085.5 GREATER THAN LIMIT =1589641

MI[SS1mN TERMINATED IN TASK 4
4,1..6 4005. 0.0 500.0 40.0 100.0 0.0 0.0 0.0 4 0

'UEL ONSLMED 1709b.3 GREATER THAN LIMIT =15859.41
4131C0N TERMIN4TE:D IN TASK 3
4.9.1 4005. 50.0 0.0 0.0 0.o 0.0 500.0 0.0 1 0 s 751.66 s 1127.49 479,5 1.50 0.
4.7.2 4005. 50.0 0.0 0.0 0.0 o.0 25.0 0 0.0 1 0 $ 

7
551.56 t 112'.49 476.5 1.50 .

4.9.3 4005. 50.0 0.0 0.0 0.0 0.0 5000.0 0.0 1 0 $ 751.66 $ 1127.49 476.5 1.50 0.

4.9.4 4005. 500.0 0.0 0.0 0.0 0.0 500.0 0.0 1 0 $ 876.54 $ 9203.70 3268.5 10.50 0.

4.7.5 4005. 500.0 0.0 0.0 0.0 0.0 2500.0 .).') 1 0 * 876.54 $ 1203.70 3268.5 10.50 0.
4.9.6 4005. 500.0 0.0 0.0 0.0 0.0 5000.0 0.0 1 0 s 876.54 $ 9203.70 3268.5 10.50 o.
4.9.7 4005. 2000.0 0.0 0.0 0.0 0.0 500.0 0.0 1 0 4 1084.35 f 43916.35 13018.0 40.50 3.
4,9.2 4005. 2000.0 0.0 0.0 0.0 0.0 2500.0 0.0 1 0

rUEL CONSIJMEDl 13944.2 GREATER THAN LIMIT -1364a.41
MISSION TERMINATE[' IN TASK.
4.9.9 4005. :000.0 0.0 0.0 0.0 0.0 5000.0 0.0 1 0

FUEL CONSUMFE, 1I.572.5 jREArER THAN LIMIT :11I90.41
MISSION TERMINArTED IN TASK I
4..10 4005. 5000.0 0.0 0.0 0.0 0.0 5000.0 0.0 1 0

FUEL CONSUME['I $410458 GREATER THAN LIMIT =11390.41
MISSION TERMINATEL- IN TASK I
4.10.1 4005. 10.0 1)0.0 2.0 1.0 1.0 500.0 0.0 1 0 6 751.10 1 5032.36 2090.5 6.70 0.

4.10.2 4005. 100.0 10.0 2.0 0.5 0.0 500.0 0.0 1 0 $ '51.15 ! 3905,..' Ia 5.5 5.20 0.

4.10.3 4005. 200..) 200.0 2.0 0.5 1.0 500.0 0.0 1 0 I 576.53 $ 10519.36 3733.5 12.00 0.
5.1.1 1'34. 0.0 0.0 1.0 25.0 0.0 0.0 0.0 I 100 0 1083.52 4 28171.60 8087.0 26.00 2600.

5 1.2 1734. 0.0 0.0 1.0 50.0 0.0 0.0 0.0 2 100 V 9/6.44 $ 15486.77 5476.7 17.67 176o.
5.1.3 1734. 200.0 0.0 1.0 25.0 0.0 0.0 0.0 1 50 S 10j.3.44 $ 32503.20 9300.0 30.)0 1500.
5.

1
.

4  
1734. 200.0 0.0 1.0 50.0 0.0 0.0 0.0 2 50 $ 1083.44 I 23474.53 6716.7 2!.67 1063.

5.2.1 1734. 50.0 0.0 0.0 50.0 0.0 0.0 0.0 2 25 $ 976.44 4 15483,77 5476.7 17.67 441.

5.2.2 1734. 100.0 0.0 0.0 25.0 0.0 0.0 0.0 2 25 % $76.44 6 9056.55 3203.3 10.33 2119.
5.2.3 1734. 500.0 0.0 0.0 25.0 0.0 0.0 0.0 2 50 $ 876.44 I 16068.07 5683.3 18.33 116.

5.3.1 1734. 0.0 100.) 0.0 0.0 0.0 100.0 0.0 1 2 $ 751.37 $ 167B.43 798.5 2.50 5.
5.3.2 1734. 0.0 200.0 0.0 0.0 0.0 100.0 0.0 1 2 4 751.18 $ 3380.31 1403.5 4.50 9.
5.3.3 1734. 0.0 500.0 0.0 0.0 0,0 100.0 0.0 1 2 4 876.54 $ 9203.70 3260.5 10.50 21.

5.3.4 1734. 0.0 1000.0 0.0 0.0 0.0 100.0 0.0 1 2 s 108O.49 s 22211.60 6368.5 20.50 41.

5.1.1 565 50.0 20.0 3.0 0.0 0.0 0.0 0.0 1 00 1 750.94 $ 3304.14 1364.0 4.4C 440.
6.1.2 565. 100.0 50.0 6.0 0.0 0.0 J.0 0.0 I 100 I 750.94 $ 6758.45 2790.0 9.00 900.

6.1.3 565. 100.0 100.0 12.0 0.0 0.0 0.0 0.0 1 10 $ 676.44 4 14023.04 4960.0 16.00 1600.
5.1.4 565. 200.0 50.3 6.0 0.0 0.0 0.0 0.0 1 100 4 876.44 $ 9640.94 3410.0 11.00 1100.
6.1.5 565. 200.0 103.0 12.0 0.3 0.0 0.u 0.0 1 100 4 876.44 4 15775.92 5510.0 10.00 1900
6.2.1 565. 0.0 50.0 4.0 0.) 0,0 0.0 0.0 1 0 t /50.94 1 3754.70 1550.0 5.00 0.
6.2.2 565. 0.0 100.0 4.) 0.0 0.0 ).0 0.0 1 0 $ 750.94 $ 4505.5e 160.0 6.0)0 0.
6.2.3 565. 0.0 5).0 7.0 J.0 0,0 ).0 0.0 1 6 r 750.94 $ 6007.52 2480.0 8.00 0.

6.2.4 565. 0.0 100.0 7.0 0.3 0.0 0.0 0.0 1 0 $ 750.94 4 6754.46 2790. ) 9.00 0.

s.2.5 565. 0.0 100.0 10.0 0.0 0.0 0.0 0.3 1 0 s 876.44 $ 10)17.21 3720.7 12.00 0.
6.3.1 !¶65. 0.0 0.0 4.0 0.0 1)10 100).) 0.1) 1 1 S 75'..19 11 3 !;W.I I14%G0¾5 4 .50 4.1

. T -2 56¶ , 3.0 ).,, 4.0 Q,0 0, 2 ') ,) 0.'.) I 1 6 753.10 o 4 33;j09 .?, 1 "516 , . 4.S.) 4.
3. 3 tS, 0.0 0.0 20.0 0. ) 3.) 1').)) 0) 1 1 S 109i.sO t 22254,4') 6c7')*A.5 7'¾', 1) -'),

.3.' 565. ).0 0.) 20..) 0.0 0.0 20.. 1 0. S i IORS.SO $ :2,!4.4) 5'")U. 2')..) .20.

6.3.' Se,. 100.) 0.) 4.0 0.-v 0,0 10 0.0 0.0 1 1 s 
7
5L.1i $ .41302.:' 2')243. .5 0 o.

6.3.6 565. 100.) 0.0 34.0 0.0 0. 2")00') 0.0 1 1 $ 751.11 S 4832.,9 202q.5 6.,.o 6.
"-.3.7 565. 101.0 So1 20.0 0.0 0.0 100.0 0.0 I 1 1 1033.49 $ 24313,49 67V.8.5 22.50 22.

6. 3. 565. 1.:0.O 0.0 20.0 0.0 0.0 270,3.0 0.0 1 1 * 1083.49 4 241479.40 i'qfl.
5  

22.50 2.
7.1.1 776. /0.0 0.0 0.0 1.0 0.0 0.0 0.0 1 2000 $ 750.94 $ 1501.08 A20.0 2.30 4000.
7. .2 776. 50.0 0.0 0.0 5.0 0.0 0.0 0.0 1 500 S 750.74 $ 4505.64 18H0.0 6.00 3000.

7. .3 776. 50.0 0.0 2.0 2.0 0.0 0.0 0.0 1 100 0 750.94 $ 3754.70 1"50,) 5.00 j0".
7.1.4 776. 50.0 0.0 4.0 2.0 0.0 0.0 0.0 1 100 $ 750.94 4 5256 58 2170.0 7.00 700.

'.1.5 776. 100.0 0.0 0.0 1.0 0.0 0.0 0.0 I 500 1 750.94 4 2252.ý;2 930.0 3.00 15.

7.1.6 
7

7o. 100.0 0.0 0.0 5.0 0.0 0.0 0.0 1 100 s 750.94 $ 5256.58 2170.0 7.00 700.
7,1.7 776. 100.0 0.0 2.0 3.0 0,0 0.0 0.0 1 '0 # 750.94 4 5256.59 2170.0 7.00 350.

7.1.8 776. 100.0 0.0 4.0 3.0 0.0 0.0 0.0 1 '0 9 750.94 $ 6758.46 27790.0 9.00 "9o.

7.1.9 77o. 100.0 0.0 10.0 5.0 0.0 0.0 0.0 1 5 4 876,44 $ 14,179.40 5270.0 17.00 65.

7.1.'n 776. 500.0 0.0 0.0 1.0 0.0 0.0 0.0 1 200 1 676.44 4 9640,J1 34 .3-.0 11.0)0 21200.
-.1 ' 5. ' . ' 0.3 0.0 5.0 0,0 0.0 0.0 1'00 S 874.44 $ 1314.I.S 0 '|)44 .'ý . II 00) 3,)",
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7, .13 776. 500.0 0.0 10.0 5.0 0.0 0.0 0.0 1 25 6 1083.44 4 .7086.00 
7 7

50,u 25.00 625.
7.1.14 77o. 1000.0 0.0 0.0 1.0 0.0 0.0 0.0 1 100 $ 1083.44 4 22252.24 651).0 21.00 2100.
7,1.15 776. 1000.0 0,0 0.0 '10.0 0.0 0.) 0.0 1 50 4 1083.44 4 32503.20 9300.0 30,00 1500.
7.1.16 776. 1000.0 0,0 2.0 5. 0 .0 c.0 0.0 1 25 4 1083.44 4 9252.36 0 370.0 27.00 o75,
7.1.17 776. 1000.0 0.0 10.0 5.0 0.0 0.0 0.0 1 5 $ 1083.44 27920.40 10850,0 35.00 175.
7.1 776. t0.0 0.0 2.0 1.0 0.0 500.0 0.0 1 10o 1 751.18 3300.O1 1408.5 4.50 450.
7.2.2 776. 50.0 1,)0 2.0 5.0 0,0 500.0 0.0 1 50 1 751.07 6384,07 2640,5 8.50 J25.
""2,3 776. 50to . c.0 2,0 5.0 0.0 1000.0 0.0 1 100 t 751,07 f 6384.07 2648,5 9.50 850.
7.2.4 776. 100.0 0.0 2.0 3.0 0.0 500.0 0.0 1 20 $ 751.08 1 !633.13 2238.5 7.50 150.
7.2.5 776. 100.0 0.0 2.0 3,0 0.0 1000.0 0.0 1 20 1 751.08 s 5633.13 2338.5 7.50 150.
7.2,6 776. 500.0 0.0 2.0 3.0 0,0 500.0 0.0 1 10 % 876,5• $ 13585.90 4818,5 15.50 155.
'.2.7 776. 500.0 0,0 2.0 3.0 0.0 1000.0 0.0 1 20 $ 876.51 $ 13585.90 4818.5 15.50 310.
7,2.8 776. 1000.0 0.0 2.0 5.0 J.O 500,0 0.0 1 10 $ 1083.48 $ 29791.68 8538.5 27.50 275.
.3,1 776. 50w0 C.O 2.0 1.0 1.0 500.0 0.0 1 5 $ 751.14 4 4131.25 1718.5 5.50 27.
7.J.2 776. 100.0 0.0 2.0 1,0 1.0 500.0 0.0 1 5 $ 751..1 $ 4882.'9 2028.5 o.50 32.
7.3,3 776. 510.0 0.0 2,0 1.0 1.0 500,0 0.0 1 5 6 816.51 12709,46 4508,5 14.50 72.
7.3.4 776. 1000.0 0.0 2.0 1.0 1.0 500.0 0.0 1 5 $ 1083,48 t 26545.36 7608.5 24.50 122.
7.4.1 776. 50.0 0.0 2.0 1,0 1,0 0.-1 25.0 1 100 $ 745,87 $ 5594.05 1850.0 7.50 750,
7,4,2 776. 50.0 0.0 4,0 1.0 1.0 500.0 25,0 1 50 S 872,75 9 3727.48 2638.5 10.00 500.
7.4.3 776. 100.0 0.0 2.0 3.0 1.0 0.0 50.0 1 25 4 870.59 t 11317.72 3080.0 13.00 325.
7.4.4 776. 100.0 0.0 4.0 3.0 1.0 500.0 50.0 1 5 $ 971.61 $ 13509.90 3868.5 15.50 77,
7.4.5 776. 500.0 0.0 2.0 3.0 1.) 0.0 250.0 1 5 1 1074.17 t 44041,03 7960,0 41.00 Z05.
7.4,6 776, z00.0 0.0 4.0 3.0 10 500.0 250.0 1 5 $ 1074,73 $ 46750.72 8748.5 43.50 217.
7.5.1 776. 50.0 0.0 :.0 1.0 1.0 0.0 0.0 1 1500 4 750.94 $ 3754.70 1550.Q 5.00 7500.
7.5. 2 776, 50.0 0.0 4.0 1.0 1.0 0,3 0.0 1 500 1 750.94 S 5256.58 2!70,0 7,00 3500.
7,.:3 776. 100.0 0.0 2,0 3.0 1.0 0.0 0.0 1 200 $ 750.94 $ 6007.52 2480,0 8.00 1600.
7.5.4 776. 100.0 0.0 4,0 5.0 1.0 0.0 0.0 1 100 S 876.44 $ 10517.28 3720.0 12.00 12)0.
7.5.5 776. 500.0 0.0 2.0 5.0 1.0 0.0 0.0 1 100 $ 876.44 S 1 5 77 5 .q 2  5580.0 18.00 1800,
7.5.6 776. 500.0 0.0 4.0 3.0 1.0 0.0 0.0 1 50 $ 876.44 S 15775.97 5580. 0 18 00 00.
7.5.7 776. 1000.0 0.0 2.0 3.0 1.0 0.0 0.0 1 100 $ 1083.44 $ 23'69.44 8060.0 26.00 .1600,
7.5.8 776. 1000.0 0.0 4.0 3.0 1 0 I.O 0.0 1 50 4 1083.44 $ 30336.32 8680.0 28.00 1400.
7.6.1 776. 50 0 0.0 1.0 1.0 0.0 0.0 25.0 1000 $ 744,03 S 4092.17 1230.0 5.50 5500.
7.6.2 776. 50.0 0.0 4.0 1.0 0.0 0.0 25.0 1 20 4 746.47 : 6344.99 2160.0 8.50 170.
7.6.3 776. 100.0 0.0 1.0 3.0 0.0 0.0 50.0 1 100 $ 869.53 4 "564.84 2460.0 11.00 1100.
7.6.4 776. 100.0 0.0 4.0 3.0 0.0 0.0 50.0 5 4 871.01 4 12194.16 33o0.0 14.00 70.
7.6.5 776. 500.0 0.0 1.0 3.0 7.0 0.0 '50.0 1 25 S 1073.70 $ 41874.16 7340,0 39.00 975.
7.6,6 776. 1000.0 0.0 1.0 3.0 0.0 0,0 500.0 1 2 $ 1073.17 $ 79414,56 13440.0 74.00 148.
8.1.1 1734. 0.0 0.0 0.0 IC.) 0.0 0.0 0.0 1 25 $ 750.94 S 2503.13 1033.3 3.33 93.
9.1.2 1734. 0.0 0.0 0.0 15.0 0. 0.0 0.0 2 30 4 750.94 4 3754.70 1550.0 5.00 150.
8.I.3 1734. 0.0 0.0 0.0 60.0 0.0 0.0 0.0 2 100 $ 1083,44 4 21668.80 620,1.0 20.00 2000.
8.1.4 1734. 1(.)0 0.0 0.0 30,0 0.0 0.0 '.O 2 25 % 8V6,44 s 10517.28 3720.0 12.00 300.
8.1.5 1734. 400.0 0.0 0.0 30.0 0.0 0.0 0.0 2 25 4 876,4A $ 15775.92 5580.0 .8.00 450.
8.1.6 1734. 500.0 0.0 0.0 12.0 0.0 0.0 0.0 1 50 $ 1083.44 S 23835.60 6820.0 22.00 1100.
8.1.7 1734. 800.0 0.. 0.0 100.0 0.0 0.0 0.0 2 75 • Iu84.10 s 53482.45 15702.6 49.33 3700.
8.1.8 1734. 1200.0 0.0 0.0 60.0 0.0 0.0 0.0 2 75 t 1083.55 4 47676.41 13703.2 44.00 3300.

9F PRU¼ ."m I

OU4A[r:N M13'AO•l rIMl NUMF.Lk LF F4cOF[LE5 NUMPFR OF MlA31UNS
1 10 235,00 3 30

20 210,00 2 20
30 0.00 0 0
40 0.00 0 0

- 50 7.00 0 0
60 0.00 0 0
20 0.00 0 0

90 0.00 0 0
90 0.00 0 0

100 O.00 0 0

100 0.00 30 18117
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