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MOBILITY FUELS FOR THE NAVY

THE OUTLOOK FOR MOBILITY FUELS

A decade ago the Navy experienced few problems with the cost and
quality of the fuel its ships and aircraft used. 0il was cheap and
high-quality distillate fuel was readily available and could be allowed

to replace lower quality ship fuels.

During the 1970s, the situation changed dramatically. Crude oil
prices shot up, thereby increasing the relative importance of fuel in
operating and support costs. For example, the percentage of direct
operating and support costs attributable to fuel rose over the period
1973 to 1980 from about 5 to 33 percent for representative ships and
from about 10 to 38 percent for typical aircraft. Also, lower quality
crudes became more prevalent on the world market as the search for oil
began to include heavier crude o1l from new sources, such as Alaska, and
from older fields, through use of enhanced recovery techniques. This
lead to lower fuel quality. Quality here is used to mean the
characteristics of a fuel relative to well-refined petroleum products
that determine how it burns. The trend toward higher prices and lower

quality will continue in the future.
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Another major change in Navy fuels will occur with the introduction
of synthetics produced from shale, tar sands, and coal over the next few
decades. Synfuels will most likely be mixed with petroleum—~derived
products, so that the chemistry of future fuels will be more complex
than it is today. This will have a profound effect on the engines that

burn these fuels.

An even more radical change would result from the widespread use of
other energy sources. Hydrogen and alcohol are two substances mentioned
frequently. Although it would certainly be desirable to supplement
dwindling petroleum reserves with other sources of energy, a number of
problems would first have to be solved before alternative fuels could bdbe
employed on a large scale. Some of these are mentioned in the following

gection.

ALTERNATIVE MOBILITY FUELS

Many substances have been suggested as candidate fuels to replace
oil. Some of the more likely candidates are arranged in figure 1
according to two important properties: energy density by weight and by
volume. For ships and aircraft, the amount of energy that can be
released from a given volume of fuel 18 a more relevant parameter than
the energy density by weight. This is because these vehicles are
primarily volume limited, which means that their drag (and consequently
their fuel consumption) is related more to their volume than their

weight.
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Hydrogen exhibits by far the greatest energy content by weight of
any fuel, because it i1s so light. Although this characteristic makes it
an excellent rocket propellant, that does not imply that it should be
the choice for ships or aircraft. Even in liquefied form, its energy
density by volume 1s so low that a hydrogen—fueled vehicle would require
a fuel tank four times the size of the tank in a comparable petroleum-
fueled vehicle to achieve the same range. Alternatively, the range of
the hydrogen burner would be limited to one—quarter the range of the

latter.

As figure 1 shows, petroleum—derived fuels and the synthetics have
greater energy content per volume than the alternatives. Another
advantage of petroleum and close substitutes lies in their greater
availability. It is true that both hydrogen and alcohol have
potentially abundant resources bases. Hydrogen gas can be released from
seawater, and ethyl alcohol (ethanol) can be fermented from grain.
However, processes used to produce fuels from these sources are quite
energy intensive and are not economically viable at present. Other
substances generally are even less readily available, at least in usable

form.

There are two more problems that argue against the extensive use of
fuels radically different from oil. First, many candidate fuels are
difficult to store and handle. Some compounds are very toxic,
corrosive, reactive, or explosive, while others, such as liquid hydrogen

and liquid methane (essentially liquefied natural gas), are cryogenic
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and therefore require special precautions and excessive insulation.
Second, widespread use of exotic fuels would require adapting or

replacing engines and supporting infrastructure that have been designed

for oil.

A recent study of alternative fuels for the maritime industry by
the National Academy of Sciences [2] concluded that synfuels, which
esgentially mimic petroleum, are the only alternatives that are expected
to be burned in commercial ships and aircraft powered by gas turbines
through the year 2000. The study also predicted that some types of
diesels and steam powerplants could potentially employ solid coal or
coal-oil slurries. However, because of the advantages of petroleum and
synfuels, they will remain the mainstay of both civilian and military
fuels through at least the next few decades. Other energy sources are
possibilities for a more distant future, when the proper Infrastructure

has been built up and engines have been adapted.

LOWER FUEL QUALITY

Although the primary Navy fuels during the next few decades will be
produced from oil or synthetic substitutes, they will not be identical
to today's distillates. The quality of the crude oil on the world
market has already begun to deteriorate, due to a change from
predominantly sweet (low-sulphur), light crudes to a greater percentage
of sour (high-sulphur), heavy crude oil. These lower quality sources
require more extensive processing to yield high~quality distillate fuels

for ships and aircraft (DFM and JP-5, respectively).
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Synthetic crudes obtained from shale oil, tar sands, and coal must
be processed even more than residual or heavy oil. This requirement is
1llustrated in figure 2 by the extent to which the hydrogen—-to-carbon
mole ratios of these hydrocarbon sources have to be upgraded to provide
distillate-~grade fuel. Either extensive hydrogenation (hydrogen
addition) or pyrolysis (carbon removal) steps would have to be
performed, especially to use coal. These completely different
processing techniques would, in turn, require substantial technological

and economic ianvestments.

Many feedstocks also contain high levels of containments, such as
sulphur, ash, nitrogen, and heavy metals. The quantities of these
contaminants should be greatly reduced in additional processing
operations, because some can poison refinery catalysts, while others
cause pollution or contribute to engine corrosion. Although additives
are frequently employed to help counteract these and other problems,

additives themselves can produce undesirable side effects.

In theory future energy sources could be processed sufficiently to
produce high—-quality distillates, but in practice this will not be
accomplished, due to prohibitive costs. Since the Defense Department
accounts for only about 2.5 percent of total U.S. oil consumption, it
cannot exert enough influence on the oil market to force producers to
provide high-quality fuel at lower prices for the military. In fact,
many refineries that now supply military fuels are small and cannot

perform the hydrotreating or hydrocracking steps necessary to upgrade
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Note:
SRC 1, Synthoil, and H-Coel are names of representative hydrogenation processes that
convert coal to a higher grade of solid or to liquids or gases.

SRC 1 Synthoil and Petroleum )
Coals H-Coal Shals oil, . " Premium
asphait, and Heavy Light Distiliste products
tar sand t ‘

Coke and l

05 06 0.7 08 09 1.0 1.1 12 13 14 1.5 16 1.7 18 19 20

Hydrogen/carbon mole ratio

| | | I | | | | | 1 | | 1 | | |
40% 48% 55% 63% 7.0% 7.7% 84% 9.1% 9.8% 104% 11.1% 11.8% 12.4% 13.0% 13.7% 14.3%

Hydrogen as percentage by weight of total hydrogen plus carbon
fource: [3]

FISUNE 2:  HYDANGEN COMTENT OF VAPIQUS !iYPR~CARNNM
FUEL STUMCES AMD PPODUCTS
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low-quality sources. Thus, in the future, virtually a.l fuels will be

higher priced but still be lower in quality than they are now.

EFFECTS ON ENGINES

As fuel quality declines, problems with engine maintenance and
reliability will increase. Some of the factors that bring this about
are discussed briefly here. Many fuels have a prevalence of long-chain
hydrocarbons. These chemicals raise fuel viscosity and cause restricted
fluid movement and perhaps clogging within fuel filters or small engine
passages. Furthermore, these heavy hydrocarbons, along with aromatics
and other ring structures, increase corrosion or erosi{ion rates in
diesels and gas turbines, because they do not burn completely. When
they are present in significant quantities, smoking can occur as well.
Contaminants remaining in the fuel after processing can also speed up

the rate of corrosion or erosion.

The engines most susceptible to these problems are aircraft gas
turbines, because their components are very complex and built to fine
tolerances. A study by Pratt and Whitney Aircraft [4], for example, has
concluded that commercial gas turbines would probably be severely
affected by high aromatics levels in distillate fuels. The study also
anticipated that the use of a specific low-quality fuel would increase
smoke and emission levels and drastically shorten the life of certain
engine components—--by about 40 percent for combustor liners and up to
60 percent for turbine airfoils. High levels of sulphur and heavy-metal

contaminants would probably result in additional damage.
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Most other engine types are less sensitive than gas turbine engines
to fuel quality variations. Marine medium- and high-speed diesels can
be designed to be somewhat more tolerant of low-quality fuel. Low-speed
diesels are substantially more resistant, primarily because their larger
combustion zone allows for more complete burning. However, this greater
size, in conjunction with increased weight and noise, is
disadvantageous, especially for warships. Steam powerplants, 1in
particular those ordered since the mid-1960s, are the least sensitive of
all marine engines to low-quality fuels. 1In fact, existing steam plants
could probably be adapted to burm coal-oil slurries, while future ones

may even be designed for pulverized or stoker coal.

An additional advantage of diesels and steam plants over gas
turbines is their greater fuel efficiency during cruise operations (15
to 20 percent of full load). This is illustrated in figure 3. Diesels

are more efficient even at high-power settings.

CHANGES TO FUELS

Interrelationships between the price and quality of fuel have
already been noted. Fuel avallability is another factor in this
equation. The quality demanded by Navy specifications for any fuel type
has quite an effect on the amount of that fuel the refiner can produce
from a given crude. FExxon has estimated that JP-5 production could be
boosted about 40 percent by increasing the freeze point 10°F above the
present value of -51°F [6]). Similarly, a 10°F reduction in the flash

point from 140°F would allow about a 25-percent increase in yield. Of
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FIRURE 3: THERMAL EFFICIENCIES OF PROPULSION
SYSTES
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course, other considerations, particularly safety, impinge on decisions

to change fuel specifications.

" As fuel quality declines, both specifications and engine designs
will have to be modified to accommodate this change. In addition,
specifications have to reflect the fact that fuel chemistry itself is
undergoing change, so that new problems have begun to arise. Recently,
batches of DFM and JP-5 that passed inspection have been assoclated with
fuel filter clogging and excessive smoking. The mechanisms of these
effects are not clearly understood. As synfuels are introduced, the
variety of chemicals in fuels will be greatly expanded, and this will

cause a new range of problems.

Besides modifying the specifications of current fuels to address
the issues of price and availability, other ways might come from
changing the types of fuel burned. The Navy could attempt to switch to
fuels in civilian use. Number 2 diesel oil is similar to the ship fuel
DFM, while Jet A-l is not unlike the aircraft fuel JP-5. Another
approach could involve the use of just one type of fuel for both ships
and airplanes. This would reduce storage and handling costs, perhaps
enough to offset the modest differential of 5 cents per gallon between

JP-5 and DFM that existed in October 1981.
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These are just a few of the means to deal with changes in fuels.
As fuel quality degrades, the Navy will have to expand its current
efforts in this area. A far-reaching research and development effort
and prudent planning will hedge against uncertainties in the quality,

quantity, and price of future fuels.

.________,4‘_‘_7



(B3

[2)

(3]

[4]

&)

[6]

REFERENCES

Naval War College, Center for Advanced Research, "Production of
Marine and Aviation Fuel by Factory Ships at Sea,” by
Maj. J. F. Bald and Maj. J. P. Kuspa, Jun 1980

National Academy of Sciences, Maritime Transportation Research
Board, "Alternative Fuels for Maritime Use,” May 1980

Whitehurst, D. D., "A Primer on Chemistry and Constitution of
Coal,” American Chemical Society, Symposium 71: Organic Chemistry
of Coal, 1-35, 1978

Lohmann, R. P., et al., "The Impact of Broad Specification Fuels
on High Bypass Turbofan Engine Combustors,” NASA CR-159454, Pratt
and Whitney Afircraft Commercial Products Division, Dec 1978

Naval Sea Systems Command (SEA 313), C. Kenyon, private
communication, 7 Oct 1981

Exxon Research and Engineering Co., "Effects of Refining Variables

on the Properties and Composition of JP-5," by M. Lieberman and
W. F. Taylor, Nov 1980

-]13-

‘ AL A et = A 4 - Vo a1y

il = = . s e e Ll R o




P21
Mizrehl, Maurice M., "On Approximating the Circular Coverage
Function,® 14 pp., Feb 1978, AD AOSA 429

P 212
Mange), Marc, "On Singuler GCharacteristic (nitlal Value
Probiess «Ith Unlque Soiutlon,” 20 pp., Jun 1978,
AD AOBB 535

»m 213
Mengei, Merc, “Fluctustions In Systems with Muitiple Steady
States. Application to CLanchester Equetions,® 12 pp.,
Fob 78 (Presented at the First Annus! workshap on the
inforngtion Linkege fBetwsen Apoiled Methemetics aend
Industry, Naval PG School, Feb 23-2%, 1978}, A AOT1 472

PP 214
welniand, Robert G., "A Samswhat Oifterent Vview ot The
Qptimgl Naval Posture,” 37 pp., Jun 1978 (Presented at the
1976 Convention of the Aserican Polltical Sclence Assocla=
tlon (APSA/IUS Pane! on “Changing Strateg!c Requiressnts and
Militery Posture®™), Ohicago, Ill., September 2, 1976),
A A0 220

P 2%
Colle, Russell C., "Comments on: Principles of information
Retrieval by Manfred Kochen,” 10 pp., Mar 78 (Pubiished as @
Letter to the Editor, Journal of Documentation, vol. 31,
No. 4, peges 296-301), Decesber 1973}, AD A0 426

P 216
Colle, Russell C., "™.otha's Frequency Distridution of
Sclentitic Productivity,” 18 pp., Feb 1978 (Pubiished In the
Journst of the American Soclety for information Sclence,
Vol. 28, No. 6, ppe 366-370, Novesber 1977), AD AO34 425

PP 27
Colte, Russelt C., "Bivilametric Studles of Scientific
Productivity,® 17 pp., Mar 78 (Presented st the Annusl
meeting of the Americsn Soclety for {aformetion Sclence held
H in San Frencisco, Californle, October 1976), AD AOS4 442

PP 218 ~ Classitled

P 219
Huntzinger, Re LaVer, "Mertet Analysis with Rational Expec~
tetions: Theory and Estimation,” 60 pp., Apr 78, AD AOS4 422

PP 220
Meurer, Oonsld E., "Oisgonsilizetion by Groy> Matrices,®
26 pp., Apr 78, MO ADB4 443

P 221

! weiniend, Robert Ge., "Superpower Naval Diplomecy In the
. October 1975 Areb=(sraeil wWer,” 76 pp., Jun 1978 (P ilshed
! in Sespower In te Msditerraneen: Pollticel Utillty aend
Ml iitery Constraints, The Weshington Papers NHo. 61, Severiy
| Hills and London: Sege Pubiications, 1979) AD AOSS 364

O PROFESSIGMAL. PAFERS - 1978 TO PRESENT®

PP lud

Mlzrent, Meurice M., "Correspondence Rules anc Path
integrats,” 30 pp., Jun 978 (Invited paper presented st the
CNRS mpeting on "™Methematicel Probiems In Feynman's Psth
integrais,” Marsellile, France, May 22-26, (978 (Puwiished
In Springer verleg Lecture Notes In Physics, 106, (1979),
234-253) AD AOSS 536

223
Mange$, Marc, “Stochastic Machanics of Moieculelon Molecule
Reactions,® 21 pp., Jun 1978, AD AOSE 227

224

Manger, Marc, “Aggregation, Blturcation, and Extinctlon in
Explolted Animel Populations®, ™ 48 pp., War 1978,
AD A038 536

*Portions of this wrk were started at the institute of
Aoplied Mathemetics ond Statistics, University of 8ritish
Columbla, Vancouver, B,C., Canada

22%

Mangel, Merc, “Osciliations, Fluctuations, and the Hapt
8l turcation®,” 43 pp., Jun 1978, AD AO58 537

*Portions of this work were compieted at the Institute of
Applied Mathemstics and Statistics, Unlwersity of Brit.sh
Columbla, VYencouver, Canada.

226

Raelston, J. M. and Jo W. Mann,® “Temperature and CQurrent
Dependence of Degradation In Red-Ewmitting GeP LEDs," 34 pp.,
Jun 1978 (Pubiished In Jasrnal of Appiied Physics, 30, 3630,
Mey 1979 AD AO38 938

“Bel| Telephane Lavorstorles, Inc.

P73
Mangs|, Marc, "unlform Treatwment of Fluctuations &t Critical
Polnts,® 50 pp., Mey 1978, AD AOS8 939

228
Mange|, Merc, “Relaxstion at Criticel Points: Deterministic
and Stochastic Theory,”™ 54 pp., Jun 1978, AD AO38 540

229

Mange!, Merc, "Diffusion Theory of Reaction Rates, I:
Formyiastion aend Einsteln-Smoluchowsk]l  Approximation,®
30 pp., Jen 1978, AD AQSS 341

230

Mange!, Marc, ™Diffusion Theory of Resction Retes, |I
Ornstein-Uhlenbeck Approximation,® 34 pp., Fedb 1976,
AD ADS8 342

™
Wlison, Desmond P., Jr., "Neval Pruojection Forces: The Case
for & Responsive MAF,® Aug 1978, AD ADS4 343

232

Jacobson, Lauls, "Can Pollcy Changes Os Made Acceptebie t©
Labor?® Aug 1978 (Submitted for pudlicetion !n lndustrisi
ang Lebor Reiations Review), AD AOS1 528

SO0 Professions! Papers with sn A0 nusber asy be obtained fraom the National Technicel informetion Service, U.S. Depertment of

Comsrce, %ringfleld, Yirginla 22151, Other papers e svalisdble fram the Minegement information Office, Ownter for Nevatl

] Anaiyses, 2000 North Seeuwrsgerd Street, Alexandris, Virginie

2231t.  An index of Selected Pwlications is also awellsbie on

rogest. The index includes & Listing of Protessions) Papers; vith sbstracts; Issued from 1969 to June 1981,




o

PP 233

Jacobson, Louls, "An Alternative Explanation of the Cyclical
Pattern of Qulits,” 23 pp., Sep 1978

234 - Revised

Jondrow, James and Levy, Robert A., "Doss Federsl Expendl-
ture Displece Stste and Local Expenditure: T™he Case of
Construction Grants,® 23 pp., Oct 1979, AD AO6E 329

235

Mizrehi, Maurice M., "The Semiclassicel Expansion of the
Anharmonic=Oscillator Propagetor,® 41 pp., Oct 1978 (Pub-
Iished In Journal of Methematical Physics 20 (1979) pp. 844~
859), AD AOG1 538

2

Meurer, Oonsld, "A Metrix Criterion for Norwal Integral
Beses,” 10 pp., Jen 1979 (Puwiished In the Iiiinols Journal
of Methematics, Yol. 22 (1978), pp. 672-681

238

Utgott, Kethlieen Classen, “Unemployment insurence snd The
Employment Rate,” 20 pp., Oct 1978 (Presented at the Con-
terence on Economic indicators end Performance: The Current
Dl lemme Facing Government and Business Leaders, presented by
tndlena University Graduste School of Business). AD AO61 327

%

Trost, Re P. and Werner, J. Y., "The Etfects of Milltary
Occupationsl Tralalng on Cilvillen Earnings: An Income
Selectivity Approach,® 38 pp., Nov 1979k, AD AO77 831

0
Povers, Bruce, "Goals of the Center for Navel Anslyses,®
13 ppe, Dec 1978, AD AQG3 739

24

Mengel, Marc, ®Fluctustions at Chemical insteblilitles,”
24 ppe, Dec 1978 (Pwiished [n Journsl of Chemical Physics,
vol. 69, No. 8, Oct 15, 1978). AD AD63 787

242

Slepson, Witllem R., *"The Analysis ot Oynsmicelly inter~
sctive Systems (Alr Cosbet by the Nusbers),"™ 160 pp.,
Dec 1978, AD A063 160

243

Slapson, wiillam R., "A Probadliistic Formulation of Murphy
Oynemics ss Applled fo the Anelysis of Operstional Reseerch
Probless,® 18 pp., Dec 1978, AD ADGS 16)

44

Shermen, Allan end Horowltz, Stenley A., ™Msintenance Costs
of Complex Equipment,” 20 pp., Dec 1978 (Published 8y The
Amsricen Society of Nevel Enginesrs, Naval Englneers
Journal, Yol. 91, No. 6, Dec 1979) AD AO71 473

245

Simpson, Witiiam R., ®*The Accelerometer Methods of Obtalning
Alrcratt Pertormence fram Flight Test Dats (Oynamic Per-
formence Testing),® 403 pp., Jun 1979, AD AOT5 226

246

Brechiing, Frenk, "Leyoffs and Unemployment insurence,” 33
ppe, Fad 1979 (Presented &t the Nber Conference on "Low
Incoms Labor Markets,® Chicago, Jun 1978), AD AO96 629

%40
Thomes, James A., Jr., "The Transport Properties of Dliute
Qaess In Appiled Flelds,” 183 pp., Mer 1979, AD AO9S 464

PP 249

Glasser, Kenneth S., "A Secretary Probles with a Random
Nusber ot Cholces," 23 pp., Mar 1979

250
Mangel, Merc, "™Mbdeting Fluctuations In Macroscoplc Sys-
tons,” 26 pp., Jun 1979

2%
Trost, Robert P., *The Estimation end Interpretstion of
Sevarsl Selectivity Models,® 37 pp., Jun 1979, AD AOTS 941

2%2

Nunn, welter R., "Position Finding with Prlior Knowledge of
Covarlence Paramsters,® 5 pp., Jun 1979 (Pwiished In (EEE
Transactions on Aerocspace b Electronic Systems, Vol. AES-13,
No. 3, Mer 1979

253
Glasser, Kenneth S., “"The d=Cholce Secretery Probiem,”
32 pp., Jun 1979, D AOTS 225

2%4

Mangel, Morc end Quanbeck, David B., “Integration of
Biveriste Normal Over an Otfset Circle,™ 14 pp., Jun 1979,
AD A096 471

233 - Classitied, AD BOST 441L

256
Maurer, Donsld E., “Using Personne! Olstribution Models,®
27 pp., Fob 1980, AD AD82 218

Fi 1
Theler, R., "Discounting and Fiscal Constralnts: Why Dis-
counting Is Always RIght,” 10 ppe, Aug 1979, AD AO7S 224

2%
Mengel, Merc S. and Thomss, Jemes A., Jr., “Aelyticsl
Methods in Sesrch Theory,® 86 pp., Nov 1979, AD AO77 832

2%9

Gless, Devid V.; Hsu, In=Ching; Nunn, Walter R., end Perin,
David As, "A Class of Commutetive Merkov Matrices,” 17 pp.,
Nov 1979, AD AQ77 833

260
Mengel, Merc S. end Cope, Devis K., "Dstection Rete and
Sweep WIAth In Visual Seerch,® 14 pp., Nov 1979, AD AO77 834

261

Vile, Carlos Le; Zvijec, Devid J. end Roms, John, “Frenck-
Condon Theory of Chemicel Oynamics. Vie Anguler Olstribu-
tions of Resctlon Products,™ 14 pp., Nov 1979 (Reprinted
from Journsl Chemicel Phys. 70012}, 13 Jun 1979),
AD 076 287

PP 262

Petersen, Cherles C., "Third Worid Wi |itary Eiites In Soviet
Perspective,® 30 pp., Nov 1979, AD AO77 833

PP 263

Robinson, Kathy l., “Using Commerciel Terkers end Contsiner-
ships for New Undervay Replenisheent,” 239 pp., Nov 1979,
AD AOTT 036




PP 264
Welnland Robert G., "The U.S. Navy In the Paclfic: Past,
fresent, and Gilliwses of the Suture,” 3) pp., Nov 1979
(Dellvered at the Internstional Symposlus on the Sea,
sponsored by the Internstional Institute for Frategic
Studles, The Brockings Institytion and the Yomlurl Shimbun,
Tokyo, 16~20 Oct 1978) AD X066 837

PP 265

weinland, FRobert G, "War end Peace In the North: Some
Political implications of the Qhanging Miltary Situstion In
Northern Eurcpe,™ 18 pp., Nov 1979 (Prepared for
presentation to the ®nference of the MNordic Batence In
Perspect ive: The (haenging Mliltary end Polltricel
Situation,” Gnter far Svretegic and internstional Studles,
Georgetarn University, Jun 15-16, 1978) AD A077 838

PP 266
utgotf, Kathy Clessen, and Brechling, Frank, “Taxes and
intiation,” 2% pp., Nov 1979, AD X081 194

PP 267
Trost, Robert Ps, snd Vogel, Robert C., "The Response of
Sate Government Recelpts to Economic Fluctuations end the
Allocation of MunterCyclicsl Revenue Sharing Grants,”
12 ppe, Doc 1979 (Reprinted trom the Review of Economics and
Statistics, Yole LXi, Nos 3, August 1979}

PP 268
Thomason, James S., "Seeport Dependence and Infer-State
Maoperstion: ™e ise of Sub-Sheran AMrica,” 141 pp.,
Jan 1980, AD AO81 19)

PP 269
Welss, Kenneth G., "The Soviet Invoivement In the Ogeden
war,® 42 pp., Jon 1980 (Presented at the Southern Mdntference
on Slavic Studles In October, 1979), AD ADB2 219

PP 270
Remnek, Richard "Soviet Pollicy In the Horn of Africa The
Decision to Intervene,” 32 pp., Jan 1980 (To be pwiished In
"The Soviet Unlon in the Third World: Success or Fellure,*
ed. by Fobert H. Donaldson, Westview Press, Boulder, Co,
Summer (9807, AD AQ8I 193

PP 211
McConne{l, James, "Soviet and American Strateglc ODoctrines:
One ore Time,” 43 pp., Jan 1980, AD 81 192

PP 272
Welss, Kenneth G., "The Azores {n Oiplomacy end Stretegy,
1940-19453, 46 ppe, Mir 1980, AD X085 094

PP 273
Nekads, Micheel K., "Labor Supply of Wives with Hisbands
Employed Elther Fuli Tims or Pert Time," 39 pp., MIr 1980,
AD A082 220

PP 274
Nunn, Nalter R., "A Result In the Theory of Spirsl Search,”
9 ppe, tar 1900

PP 215
Goldberg, Lawrence, "Recrulters Advertising and Navy Enilat-
mnts," 34 pp., Mr 1980, AD 082 221

PP 276
Goldderg, Lawrence, "Dsiaying en Overhaul and Shlp's Equlp-
mnt,” 40 pp., May 1980, AD 2085 095

PP 217
Mangel, Marc, “Small Fluctuations In Systems with Multlipie
Limlt Cycles,” 19 pp., Mar 1980 (Pwilished In SIAM J. fppl.
Mathe, Vol. 38, No. 1, Feb 19800 AD A086 229

PP 278
Mizrahi, Maurice, "A Targeting Probiem: Exact vs. Expected-
Value Approaches,” 23 pp., Apr 1980, AD 2085 096

PP 279
Watt, Stephen M., “Causal inferences and the Use of Force: A
Titique of Force Wthaut War,® 50 pp., My 1980,
AD A08% 097

PP 280
Goldberg Lawrence, "Estimation of the Effects of A Ship's
Steeming on the Felilwe Rate of Its Equipment: An Mpplice=
tlion of Econometric Analysis,® 2% ppe, Apr 1980, AD ADBS 098

PP 281
Ml zrah], Maurice M., "Commant an ‘Discretization Probiems of
functional Integrals In Fhase $Dace'," 2 pp., My 1980,
published 1an ™Pnysical Review 0% VYole 22 (1980},
AD K094 994

PP 283
Dismukes, Bradford "Expected Demand for the U.S. Nevy to
Srve as M Instrumnt of US. Foreign Policy: Thimnkiag
About Politlcal and Ml i 1tary Enviromeental Fectors,” 30 pp.,
fpr 1980, AD X085 099

PP 284
Jo Kollson,® We Nunn, and U. Sumitas,®*® "The Laguerre Trens-
torm,® 119 pp., Msy 1980, AD ADB5 100
*The Graduate School of Mpnagement, Unlversity of Rochester
and the Gnter for Naval Aalyses
¢*The Graduate Schoo! of Management, University of Rochester

PP 2895
Remnek, Richard B., ™Superpower Security Interests In the
Indfen Ocean Ares,™ 26 pp., Jun 1980, AD X087 113

PP 286
Mizrehl, Maurice M., "On the WKB Approximation to the
Prapagator for Arbitrary Hami [tonlans,® 25 pp., Aug 1900
(Pubiished in Journal of Mathe Phys., 221) Jan 1981},
AD 2091 307

PP 287
Cope, Davis, *Limit Cycle Solutions of ReactionOlttusion
uatlons,™ 3% pp., Jun 1980, AD X087 114

PP 208
Go'men, Walter, “Don't Let Your Siides Fllp You: A Palnless
Qide to Visuals That FReslly Ald," 28 pp., Oct 1980,
AD A092 732

PP 209
Robinson, Jeck, “Adequate Classitication Quldence - A
Solution and a Problem,” 7 pp., Aug 1980, AD X091 212

PP 290
watson, Gregory H., "Evalustion of Computer Softwsre In an
Qerstional Environment,® 17 pp., Aug 1980, AD 091 213

PP 291
Maddala, Gv S.* and Trost, R. P., "Some Extenslons of the
Nrlove Press Node!,® 17 pp., Oct 1980, AD 091 946
®university ot Floride

-3~




PP 292
Thamas, James A., Jr., "The Transport Propertles of Binary
Gos Mixtuwres In Npplled Msgnetic Flelds,™ 10 pp., Sept 1980
(Published 1n  Jowrnal of Chemical Pnysles T7210),
15 May 1980

PP 293
Thomas, James A., Jr., “Evaluation of Kinetic Theory Colli=
sion Integrals Uslng the Generalioed Fhase Sift Approach,”
12 pp., Sept 1980 (Printed in Journal of Chemicel Physics
1200, 15 My 1980

PP 294
Roberts, Stephen S., 'French Naval Pollicy Qutside of
Europe,” 30 pp., Sept 1980 (Presented at the Materence of
the Sectlon on M )itery Studies, International Studies
Msocietion Kiswah {siand, S.C.2, AD XO9! 306

PP 295
Roberts, Stephea S., "An Indicator of Informal Ewplre
Patterns of U.S. Navwy Oruising on Owerseas Nstions, 1869~
1897," 40 pp., Sept 1980 (Presented at Fourth Neval History
Sympos | um, US Naval Acadeny, 26 October 1979, AD A091 316

PP 296
Dismukes, B-adford and Petersen, hariles C., ™aritme
Factors AMtecting lberlan Security,® (Factores Mritimos Que
Afectan La Secur lded Ibeica 14 pp., Oct 1980, AD A092 733

PP 297 « Classitied

PP 298
Mizrahl, Maurice M., "A Markov Approach to large Misslle
Mtacks,” 31 pp., Jan 1981, AD A096,159

PP 299
Jondros, James M. and Levy, Robert A., "wage Leadership In
Onsteuction, 19 pp., Jan 1981, AD X094 197

PP 300
Jondros, James and Schwidt, Peter,® "On the Estimation of
Tachnical tnetficiency In the ochastic Rontler Production
Functlon Mode!,” 11 pp., Jan 1981, AD A096 159
*HMchligan State hiversity

PP 301
Jondrow, James M,; Levy, Robert A. and Hughes, Claire,
“Technical OGwnge and Employment In Feel, Atos, Aluminum,
and iron Ore, 17 pp., Mar 1981, AD AO99 394

PP 302
Jondrow, Jemes M. and Levy, Robert A., "The Effect of
imports on Employmsnt Under Retlonal Expectations,™ 19 pp.,
Apr 1981, AD AOS99 392

PP 303
Thomeson, Jjames, “The Rfarest Qmmodity In the Ooaing
fosource Wrs,” 3 pp., Aug 1981 (Pwiished in the Washington
Star, April 13, 1981)

PP 304
Dufty, Micheel K.; Greemood, Michael J.® end McOowe!l, John
M., %% "A Qross-Sectional Model of Mmnual Interreglonal
Migration end Employment Growth: Intertewporal Evidence of
Structural Qhange, 1958-197%,% 31 po., Apr 1981, AD 2099 393
*Universlty of Coloredo
**arlmne Sate University

\

PP 305
Nunn, Laura He, "An Introduction to the LIterstue of Sesrch
Theory,® 32 pp., Jun 1981

PP 306
Anger, Thomes E., "What Good Are Warfere Modeis!™ 7 pp.,
May 1981

PP 307
Thomason, Jewes, “Dependence, RIsk, and Vulnersblllty,*
43 pps, Jun 1981

PP 308
Mizraht, M.M., "Correspondence Rules and Path Integrals,®
Jul 1981, Pwlished In "Novo Cluento B®, Vol. 61 (1981)

PP 309
Welnlang Robert G., "An (The?) Explanation of the Soviet
Invasion of Atghenistan,™ 44 pp., May 1981

PP 310
Stenforq Janette M. and Tal Te Wu,® "A Predictive Method
for Qetermining Possibie Tree-dimnsional FRidings of
Immunogiotul In Backbones Around Antibody Combining Sltes,*
19 ppe, Jun 1981 (Pwiished tn . theor. Blol. (1981) 88,
421-439
"Northwestern University, Evanston, IL

PP 311
Bowes, Msrlenne, @rechiing, Frenmk P. R., and Utgott,
Kathlaen P. Classen, “"An Evailuation of Ul Funds,® 13 pp.,
May 1981 (Published In Netiona! Commlission on Unemployment
Cospensation's lnemploymnt Cowpensation: Studles and
RAesesrch, Volume 2, July 1930)

PP 312
Jondrae, Jemes; Bowes, Merisnne and Levwy, Robert, “"The
@timm Deed Limit,” 23 pp., May 1981

PP 313
Roberts, Stephen S., "The U.S. Navy in the 1980s,“ 36 pp.,
Jul 1981

PP 314
Jehn, Christapher; Horowitz, Staniey A. ond Lockman,
Rovert F., "Examining the Oratt Debate,” 20 pp., Jul 1981

PP 315
Buck, Raiph V., Qapt., "Le Oatastrophe by any other
name .. ,”" 4 pp., Jul 1981

PP 316
Roberts, Stephen S., ™estern Eurapean and NATO Navies,
1980," 20 pp., Aug 1981

PP 317
Roberts, Stephen S., "Superpower Nave! Crlsls Mansgesent in
the Myditerranean,™ 3% pp., Aug 1981

PP 318
Vego, Milan N., "Yugosiavia and the Soviet Polloy of Force
Tn the Mditerranesn Since 1961, 187 pp., Aug 198t

PP 39
Smith, Michee! W., "Antisir werfere Osfense of Ships et
S08," 46 pp., Sep 1981 (MThis talk was delivered st the Neval
warfare System and Technology Conference of the Americen
Institute of Msronsutics and Atronsutics in Wmshington on
December 12, 1980; In Boston on Janvary 20, 1981; and In Los
Angeles on Jne 12, 1991,)

bl oad o




PP 320

Trost, R.°.; lurie, Pnllip ang Bgrger, Edward “A Note on
Estimting @ntinuous Time Dacision Models,* 13 pp.,
Sep 1981

PP 32}
Ouffy, Michae! K. and Ladman, Jerry R.,* "The Simultanecus
lotermination of Income and Eaploymnt In lnlted HFates--~
Mp x| co Border Reglon Economles,™ 34 pp., Sep 1981
*Msociate Professor of Economics, A 1ons Rate thiversity,
Tempe, AZ.

PP 322
waraer, John T., *"issues In Navy Menpower Research and
Pollcy: An Economist's Perspective,” 66 pp., Dec 1981

PP 323
Bomse, Frederick M., "Generation of Correiated Log-Norwal
Sequences for the Simulation of Clutter Echoes,”™ 33 pp., Dec
198}

PP 324
Horawltz, Stanley A., "Quantifylng Seapower Readiness,”
6 pps, Dec 198! (Pwlished In Defense Minagesent Journal,
Vole 18, No. 2}

PP 327
Hammon, (oiln, dpts, USN and Greham, ODevid R., DOr.,
“Estimtion and Malysls of New Siptuliding Rrogrom
Disruption Costs,” 12 pp., Mar 1980

PP 528
welnland, Robert G, "Northern wWeters: Thelr Strateglc
Slgniticance,” 27 pp., Doc 1980

PP 330
Lockman, Robert f., ®Alternative Approaches to Attrition
Mnagement,” 0 pp., Jan 1982

PP 333
Les, lung-fFel and Trost, Robert P., “Estimation of Some
Limted DOspendent Varlable MNdels with Application to
Housling Demand, ® 26 pp., Jan 1982, Published In Journal of
tconomtrics 8 (1978) 357-382.

PP 334
Kenny, Lawreénce W., Lees, Lung-Fel, Maddala, GeS., and Trost
RePs, "Returns to dllege Education: An Investigation of
Setf-Selection Blas Based on the Project Talent Data,* 15
ppe, dJan 1982, Pwilshed In Internationat Economic Review,
Yol. 20, No. 3, October 1979,

PP 33%
Lee, lung-fFel, G.S. Maddels, and R.P. Trost, "Aswmptotic
Mverlance Mtrices of Two-Stage Froblt end Two-Stage Tobit
Mo thods for Simul taneous Equations Models with Selectivity,”
13 pp., Jan 1962, Pwilshed In fconomtrice, Yol. 48, No. 2
(March, 1980) .

PP 336
O'Nelll, Thomes, ™obliity Fuels for the Navy,” 13 pp.,
Jan 1982. Accepted for puwlilcation In Nevel institute
Proceedings.

PP 337
Warner, John T. and Goldberg Matthew S., "The Influence of
Non-Pecunlary Factors on Labor Qpply,® 23 ppe, Dec 1981

PP 339
Wilson, Desmond P.,, "The Persien GQu!t end the Nationsl
Interest,”™ 11 pp., Feb 1982

PP 340
Lurle, Pniilp, Trost, RFP., and Berger, Edward ®A Mathod
for Malyzing Multipie Dell Dsation Oete,” 34 pp., Fed
1982

PP 341
Trost, Robert P. and Vogel, Robert C., "Predictlon with
Pooled @ross-Sction and Time-Sries Dete: Tw  Orse
Studies,” 6 pp., Feb 1982

PP 342
Lee, Lung-Fe!, Maddale, G.S., and Trost, R.P., "Testing for
Structural (hange by D-Mthods In Switching Slmultaneous
Equations Models,® 5 pp., Feb 1982

PP 343
Goldberg, Matthew S., "Projecting the Navy Enlisted Force
Lsve!,” 9 pp., Feb 1962

ittt

R







