
AD—AW 1 980 ACUREX CORP MOUNTAIN VIEW CALIF AEROTE4ERM DIV FIG 21/U
ALTERNATE PETROLEUM BASED FUELS FOR NAVAL FLEET USAGE: POTENTTA——ETC (U) N
JUN 77 L M COHEN. G R OFFEN. L PA SCHALIT N000I4—76—C—0707

- UNCLASSIFIE (’ AEROTHERM FR 77 2U7 NL

_ i 
_ _

_  

_ _ i

_ 
p r  ii i 

_1J!.i_I 1~J— I 
- -



__ —

~~~ 

_ —

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

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

Acurex Corporation/Aerotherm Division

~
i June 1977 ) 

~ 7 - )
— .-. - - 

— - 
___j . —

Aerotherm Project—7232

~ ~ALTERNATE PETROLEUM BASED
FUELS FOR NAVAL ~~~~~~~~~~~~

/ 
POTENTIAL AVAILABILITY , COST,

AND SYSTEM IMPACT .
- - r ~~~~~ ,

t L M )Cohen r: r  -

I —. - I
~~~

(.—
~~
.— 

‘
~~~~ ._.

~~~~ G. R./Offen
L. 

~:IS~~
ht / J~Jft 27 ; 977

~ (I ~ L~u~oi.~u U iS
~~~~~~~~~~~~ ~~~ -

AEROTHERM/~iNAL REPQ~ T 77-247
~

-..--———

-~~~~ 

Prepared for ~~~~~E e
d iOt P

~~~~~~
eieaS0

~~J 

-
4

David W . Taylor Naval Ship Research & Development Center
Annapolis Laboratory
Annapolis , MD 21402

Contract N~~O14-76-C-b7O7

‘ I I  

-

~~~~~___ J

I . .-

_ _ _ _ _ _ _ _ _ _ _  a



TABLE OF CONTENT S

EXECUTIVE SU~?IARY s- i

INTRODUCTION 1—1

2 FUEL AVAILA B ILITY AND COST

2.1 Introducti on 2-1
2.2 Scope of Fuel Availabi l ity and Cost Study 2-2

2.2.1 Fuels Included 2-?
2.2.2 TinE Period 2-3
2.2.3 Data Va riables 2—3

P 2.3 Study Methodology 2-3
2.4 Surr~nary of Fue l Price and Availability Data 2--.

2.4.1 Marine Boiler . Gas Turbine , and Diesel Fuels
2.4.2 Jet Tu rbine Fuels 2~6
2.4.3 Suxina ry 2-b

2.5 Specific Example of Shortages or Increased Availability

2.5.1 JP-5 Spot Shortages 2-8
2.5.2 The Potential E ffect of Switch ing from JP-4 to JP-8 by the IJSAF
2.5.3 Specific Fuel Availability Examples 2-9

2.6 General Conclusions 2- 11
2.7 Add itional Fuel Availability Data 2-13

2.7.1 Data Agg regation by Geographical Region 2-13
2 .1 . 2  Additional Data on DFM , NDF , and NSFO from DFSC 2-14
2.7.3 Additional Availability Data on Comercial Counterpart Fuels 2-25

2.~ Comparison Between Current Study and Patterns of Enerqy Usacie in the U.S.
Nav y 2-27

3 COMPARISONS BETWEEN NAVY AND CORRESPONDING CIVILIAN MA RINE AND AV IAT ION COMBUST ION
EQUIPMENT 3-1

3.1 In troduction 3-i
3.2 Equipment and Applications 3—1
3.3 General Di fferences Between Navy and Civilian Equipment 3-?
3.4 Equipment . Di fferences , and Associated Impacts on Fuel Requirements 3-2
3.5 Sumary 3-12

4 COMPARISONS BETWEEN M !LSPEC AND CORRESPOND ING CIVILIAN FUELS

4.1 Introduct ion 4-1
4.2 Fue l Spec if icat ion Conparisons
4.3 Qualitat Ive Impact of Noncompliance with Specification Elements 4-4
2.4 DFM MILSPEC Comparisons with Corresponding Civilian Fuels
4.5 JP-5 MILSPEC Comparisons with Corresponding Civilian Fuels 4-18
4.6 Experience with Non -M ILSPEC Fuels 4-26
4.7 Sunrary 4-~ R

5 ~P1C FI1 E XAMPLES OF POTENTIAL FUEL FLEXIBILITY - -

~~~~~ 
•—

~~

5 . 1  ‘~~~b r 1 1oq v

5.1.1 Fuel Availabili t y 5-i
5 .1.2 Fuel c In; acts
5.1.3 Fuel nst~ . 7

, (iT . 
~~~

, / 
~

l i i  1~ j



TABLE OF CONTENTS (Cont inued)

Sect ion

5.2 An East Coast Example: Norfolk 5-4

5 .2 . 1  Avai lab i l i ty  5-4
5.2.2 Expected Impacts of Using Ava ilable Alternates for DFM and JP—5 5-4

5.3 A West Coast Examp le : San Diego 5-7

5.3 .1 Avai lab i l i ty  5— 7
5.3.2 Expected Impac ts of Using Available Alternates for DFM and JP-5 5-10

5.4 Fuel Price Data 5-11
5.5 Sumary 5—11

6 CONCLUSIONS AND RECOMMENDATIONS 6-1

6.1 Primary Conclusions 6-1
6.2 Sumary of Results 6-2

6.2.1 Fuel Availabil ity and Cost 6-2
6.2.2 Diffe rences Between Navy an.~ Civ ilian Equipment 6-3
6.2.3 Di fferences Between Characterist ics of Navy and Comparable Civilian Fuels 6-4
6.2.4 Potential Impacts of Variable Fuel on Combustion Equipment 6-5
6.2.5 Rank ing of Fuels According to Potential Impacts 6-5
6.2.6 Specific Examples of Fuel Flex ibility 6-6

6.3 ReconliEndations 6-7

6.3.1 Specif ic Actions to Increase Al ternate Fuel Availability or Acceptability 6-7
6.3.2 Addit ional Fuel Supply Data 6-7

APPENDIX A — DFSC DATA FOR INDIVIDUAL FUELS A-I

APPENDIX B — DFSC LIFTINGS TO THE NAVY BY REGION B-l

APPENDIX C — PETROLEUM REFINERY CAPACITIES IN THE UNITED STATES C-l

APPENDIX D — LIST OF MARINE FUELS SOLD AROUND THE WORLD BY SHELL , CHEVRON , EXXON ,
GULF , AND TEXACO D-l

APPENDIX E — MILSPEC FUEL ADDITIVES E—l

APPENDIX F — SUMMARY OF EXPERIENCES WITH VARYING PROPERTIES OF BOILER , DIESEL, AND
GAS TURBINE FUELS F-l

APPENDIX G — ACKNOWLEDGEMENTS G-l

APPENDIX H — GLOSSARY H- i

REFER ENCES R-l

iv

_ _ _  ..~~~~~~~~~~~~~~~~~~~~~~~~



LIST OF ILLUSTRATIONS

2-1 DFSC and BuMi nes CONUS Region Boundaries 2- 14

2—2 ) F S C Regions Overseas 2— 15

2-3 To tal Quantity of Standard Diesel and Boiler Fuels Lifted to the Navy 2 -16

2— 4 Percent of 1152 L is t ings  Used by Navy and the Distribution of These Liftings
~it et n toe N~vi 2 — 1 1

2—5 Percent of DFSC Listings Used by Navy and the Distribution of These Liftings
,~ithi n the Nav y 2—19

2-6 DFM and Middle 2i st illat e Fuel Oil Prices 2- 2 1

2-7 Price Data for Quantity Lots of JP— 5 and of Coninercial Jet Fuel , Kerosine Based 2-2 2

2-A Refinery Capacity and Crude Runs — Percent of Ut i l izat ion 2-26

5- 1 San Diego and DFSC Norw alk Pipeline Systems 5—9

v



LiST OF TABLES

Tab~~ Page

2-1 Avai labi l i ty of DFM + NDF + NSF 2-5

2—2 Fuel Ava i lab i l i ty : JP— 4 + JP— 5 2-7

2-3 Further Avai labi l i ty  Data (DFM , NDF , and NSFO) 2-18

2-4 Further Avai labi l i ty Data (J P— 5 and JP-4 ) 2-20

2- 5 Procurement Sources for Liftings to DFSC Regions 1—5 During FY 77 2-24

2-6 Ref inery Margin 2-28

2-7 Imported Refined Product Price for Saudi Arabian Crude Oil , Refined in Caribbean
and Transported to USHN for Consumpti on 2-29

3-1 (A) Steam Boilers in Fleet Use by the Navy 3-3

3- 1(8) Distributi on of Boiler Units by Operating Conditions 3-4

3-2 Marine Diesels for Propulsion in Fleet Use by the Navy 3-5

3-3 Mar ine Gas Turbines in Fleet Use by the Navy 3-6

3-4 A irc raft Gas Turbines in Fleet Use by the Navy 3-7

3-5 Navy and Civi lian Combustion Equipment 3-8

4- 1 Categories of Specification Elements 4-2

4- 2 Impact of Elements 4-5

4-3 Civ i l ian Fuel Grades : Characteristics and Applications 4-6

4-4 Specif ications Restricting Flexibil i ty of Preferred Alternates for DFM 4-8

4- 5 Specif ications Restrict iny Flexibi l i ty of Other Alternates for DFM 4 -9

4- 6 Company Spec if icat ions Restrict ing Flexibility of Preferred Alternates for DFM 4-11

4- 7 Measure d Properties Restricting Flexibility of Actua l Fuels (As Delivered):
Preferred Al ternates for DAM 4-12

4-8 Measured Properties Restricting Flexibil i ty of Actual Fuels (As Del ivered):
Preferred Alternates 4- 13

4-8 (A) Headings Legend for Tables 4—7 and 4-8 4- 14 —

4-9 BERC/ERDA Measurements of Properties Restricting Flexibi l i ty of Preferred Alter-
nates for DFM 4 - 2 5

4- 10 Fuel Property Ranges from BERC/ERDA Analyses of No. 2 Diesel Fuel Compared to DFM 4-1 6

4-11 Specifications Restricting Flexibility of Alternates for JP-5 4-19

4— 12 Specif icat ions Restr ict ing Flexibi l i ty of Arco Jet A/Al as an Alternate for JP-5 4-2 0

4- 13 Measured Properties of Specif ic Fuels (By Fuel Supplier) 4-22

4- 14 Average Values of Speci f icat ion Elements Restricting F lex ib i l i ty  for J P-5:
BERC/ERDA Tests 4 -23

4- 15 Fuel Property Ranges of Alternates Compared to JP-5 : BERC/E RDA Tests 4 -2 4

vi



. .~~~j ..

LIST OF TABLES (Concluded)

P~~e

5-1 Companies Who Tra nsm it Product Through Colonial Pipeline Company to the Norfolk
Area 5 5

5-2 Petroleum Companies Which Can Deliver Product Through Sdn Diego Pipel ine Company
to San Diego 5-8

5-3 C iv i l ian  Fuel Prices for Quantity Purchases 5-12

p

.

p

p

vi

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

;-

~
-.-

---
~~

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

‘.-
.~



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

EXECUTIVE SUMMARY

INTRODUCTION

In recent years . narticul a rly since the Oil Embargo of l°73, all major fuel consuming sectors

in the United States Navy have become increasingly aware of the limi ted supply and high cost of

petroleum fuels. Fuel is currently consumed by the Navy at the rate of 230,000 barrels per day .

Energy conservation is one method to reduce this dem .mar.d. on petrole um reso u rces and the res u lti ng

high annual expenditures for fuel. In addition , conserva tion is in the l ong—tern interests of the

country , since it assists nationwide efforts to stretch our remaining oil reserves. Al ternatives

to petroleum-based fuels are another option . One of these, shale oil , is being evaluated by the

Navy in their 100,000 barrel oil shale experiment. Yet another option could be the use of fuels

which do not meet all the requirements of military specifi cations (MILSPECS) for fuels , but wh i ch

could be burned without significantly impairing naval operations. This approach could increase

fuel availability and reduce costs to the Navy.

To assess the feasibility of using non-MILSPEC fuels in Navy combustion equipment , the

David W. Taylor Naval Ship Research and Development Center -~U1i+SR43C) engaged the Aerotherm Division

of Acu rex Corporation to perform a Study with the following objectives:

•~ Determi ne whether there exists a large supply of fuel beyond that currently being pro-

cu red for the Navy, which meets , or nearly meets , military specifications
J

• 
- Determine whether any such comparable nonspec ” fuel is less expensive than the currently

appr oved p roduct ,1

•~ A s s e s s ,  using al l ava i lab le  information , the v iabi l i ty  of storing, handling, and burrminq

comparable nonspec fuels in naval systems , even i f only on a lim ited bas i s
/

/
Using procu rement data obtained from DFSC and production data collected from a variety of

government agencies , this study confirmed earlier investigations whi ch indicated that the Navy s

world-wide consurn~~ion of DFM is about 2 percent of the domes tic~~roducti on of middle distillat e .

For .jet aircraft its total consumption of JP-5 is appr oximately 7 percent of the domestic production

of kerosine-based jet fuel. The investigation also determined that shortages of MILSPEC fuels have

(

F~~C~DI~G ?AGE 8LA~ (..NQT 1IU4~D 
______
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1:

occurred in the past, although they have been localized , temporary , and unpredictable. Moreover ,

JP-5 shortages w i ll become worse if the other services (especially the Air Force ) s w m t c h  to JP-8.

Therefore, it is prude nt to assume that shortages will recur with increasing frequency , even though

availability currently exceeds Navy demand at various times in some parts of the world. Since a

substantial quantity o~ comparable coninercial fuel is available, a Navy program to explore further

any potentia l impacts on their fuel systems and combustion equipment of using these alternates would

be justified.

Because civilian and military procurenment procedures are , of necessity , different , we could

not present any definitive conclusions about cost relationships between MILSPEC and comparable

civilian fuels. Although any incremental costs that could be related to the special requirements

imposed by the M ILSPEC are not predictable , they currently appear to account for only a relatively

small part of the total cost.

To indicate what options might be available to the Navy in a specific situation , Aerotherr~

identified possible substitutes for DFM and JP-5 that could be available to Navy facilities at

Norfolk , Virginia, and San Di ego , California. We then assessed the potential impacts that use of

these readi ly available , comparable civilian fuels mi ght have on the safety , performance , or main-

tainability of Navy ship-based combusti on equipment.

This report contains , in addition to data which substantiates the above statements, a large

amount of detailed information on fuel usage by fiscal year (FY 74 to 76) and location , civ il ian

and military fuel prices , specific examples of additional fuel availability or spot shortages .

refinery capacities , world-wide suppliers of middle distillate fuels , and the like.

To begin to assess the viability of using other fuels Aerotherm first compared naval marine

equipment (shipboard combustion systems and ship-based aircraft) and operating requirements wi th

corresponding civilian systems to determine why these two user groups place somewhat different

requirem ents on their fuel. We then identified differences between the characteristics of fuels

which satisfy the M!LSPECS (Diesel Fuel Marine (DFM) for ship propulsion and hotel services and

J P-5 for ship-based jet aircraft ) and comparable civilian fuels. In each case military fuels were

compared to civilian fuels which (1) satisfy ASTM specifications , (2) satisf y select oil refiners

spec ifi~ at ron s , or (3) have had their properties measured on samples of delivered fuel. These

findi rm m s are summarized here and clearly show the need for a procedure to quantif y the impact on

naval combustion systems of usin g fuels which do not satisf y all elements of the MILSPEC. 

~~~~~~~~~~~~~
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v E u  ~~~~~~~ x i i i :  i i t  on Navy ships to c r c ~~ide both propu ls ive  power and shi u service

w ~ . . .r c  .u ’ m g ,  and . l u c t r i c m  ty). For many years . marine propul sion has been suppl ied

by s teu m : ’ . m r  i r t  large-bore diesel engines.  These two types of combustion equipment c i ii

continue to smrom l .i f leet  marine propulsi on through the foreseea ble future , although more recently

aircraft-derivative n a m e  gas turbines have entered fleet service to provide m arine propulsion.

The use of m arine gas turb ine’; will continue to grow , rela tive to steam s turbines and diesel engines .

but is not expected to be a ma jor factor. The Situation is different , however , for aircraft pro-

pulsion . due to the emphasis on jet aircraft for fleet aviation missions. Here gas turbines are

the major source of propulsion . The smaller aircraf t-d er iv ativu marine gas tu roines are also

beginning to be used for a u v ili ry Dower and hotel services , even thou~ l, small— to -m edium-sized

diesel engines have been the traditional source.

in genera l , Navy equipment and operating requ irements place more stringent constraints on

fuels than do the corresponding civilian equipment and operation s. t avy equipment is more compact

and operates at hi gher combustion intensities than civilian equipment. It also must supply greater

peak power and is subject to larger and sore frequent fluctuations in power level. Moreover . Svv v

equipment must operate more quietly, produce less visible exhaust, and h’~ abl e to perform under

hostile conditions wi thout subjecting personnel to undue hazard. It nmust also be able to handle

contaminated fuel , since naval fleet handling pract ices can result in contamination ef fuels by

water.  In addi t ion , Navy fuels must have a longer storage s tab i l i t y  than c i v i l i an  fue ls ,  because

Navy fuels must be capable of being stored for years without deteriorating.

Table S-i suninarizes those differences betwren Navy and civilian systems which may recent

the Navy from using c i v i l i a n  fuels under normal condi t ions . The major operating or equipment

d i f fe r ences are as fof lows :

• Safe ty :  Requirements are more str ingent for Navy f uels because the ships nay operate

under host i le cond it ions . To reduce the risk of igni t ing leaked fuel , or at least  to

retard ign i t i on , the MI LS PE C for fuel carr ied on ships ( i . e . .  DFM and J P - 5 .  requires a

higher f lash point (6O~C) than do spec i f i ca t i ons  for c i v i l i an  or land-based m i l i ta ry

fue ls  (e .g .  , ‘4cr . 2 diesel or JP-4 . wh ich  can have f lash  points of 40 or l owe r ) .  For

JP-5 , th o MIL SPEC also includes an explo siveness cri terion.

• St orage: The Navy currently storm s ‘ o r e fuel as a reserve for emergencies . S i r  t h s

fuel m u m  5 mt l e :ra le alien Stored for long periods , rcm m . t r i c t i ons have to be p laced on

co m pos it ion mr ’ the fuel and the pe rmiss ib le  a d d i t i v e s .

5.3
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• Bunkering p rac t i ces : Nuv y operations expose t ue l ’. to 5c r  xr - er than do ‘i l i a n prac-

t i c e s .  This p laces l i - i t s  on add i t i ves  to insu re  th.~
t the water  can be r em scr vm-d fç. ,

tively and does not react chemically wi th the additive.

• Equ ip nr ent: Differences between Navy and ci vilian combustion systems which affect fuel

require nrents can be adequately characteriz ed by basic equipment types , as follows :

— Steam boilers : Sn ra ll er tube clearances and hi gher conrbusti on intensities lead to

more stri ngent requirements for allowa ble contamination levels

— Diesel  engines: More severe load var ia t ion requirements lead to s t r i c te r  l imi ts  on

ce tane number

—. Aircraft gas turbines : Higher altitud e operations lead to more str ingent l i m i t .-, on

free ze point

DIFFERENCES BETWEEN CHARACTERISTICS OF NAVY AND COMPARABLE C IV I L 1I t4  FUELS

To compare fuels on the basis of their properties , it is useful to group the s p e c i f i c a t i o n

elements into the fo l lowing three categori es :

• Safety  — elements which specify the hazard potential of the fuel

• Performance — elements which specify the fuel ’ s abi l i ty  to deliver the requi red Ou ’ m- -jt

and i ts  compat ib i l i ty  w i th  handling equipment

• Maintenance — elements which speci fy the contamination leve ls  of the fuel a t , u r u r

i ts  potent ia l  to degrade the performance of the fuel supply or c4rotm u~ t~ mm - ;J mt- - f l ’

Tab le S-2 lists all the elements of the MILSPECS for DFM a nd JP-5 , grouped in ’- : t i ’ -

categories . The performance specifications group is subdivided further into the f~~? Wi  114i su m ’

• Bas ic properties -- those which define the distillation fraction of t b .  :retrolerj  

which the fuel is derived and associated basic physical properties

• Combust ion properties — those which defi ne the heat content and m.crrrmt-ru ~~t io n cha r , ? ,

of the fue l

• Other properties — those which define the abi l i ty  of the fuel to f I w  in t b  l iquid picas -

The mai ntenance specifi cation group can also he subdiv ided for c la r i t y  in h i q h l r j h t i c 4  and

understanding differences among fuels. These sub groups are:

• Cor rosion contaminants — those which induce corrosion , either alon g the 1s t gas path or

w i thin the fuel supply system

4— 5
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TABLE S-2. CATEGORIES OF SPECIFICATION ELEMLNTS

- 

Cateu ory 
- 

— 

Element A PP
1
1i
~
cab1e

Safety Flash point OEM , JP- 5
Exp losive n ess JP-5

Per  f t  r to4 . j n ce

Basic 2r-~~
.
~rties Appea rance OEM

Co l o r OEM
Disti l lation

10 percent fraction JP— 5
90 perc ent fraction OEM
End point OEM , JP-5
Loss and Residue OEM , JR-S
V i scos ity OEM , JP- 5
Gravity JR-S

Combustion Properties Net heat of combustion JP-5
Ce tane n um ber OEM
Smoke point JP-5
Aromat ics JP-5
Ol efins JP-5

Other Properties Freezing point JR-S
Pour point OEM
Cloud point OEM
Demulsification DFM
Thermal stability JR-S

Maintenance

Corrosion Contaminants Sulfur OEM , JP-5
Mercaptans JP-5
Acid number OEM , JP-5
Copper strip corrosion OEM , JP- 5
Neutr ality OEM

Erosion Contaminants Carbon residue OEM
and plugg i ng or Ash OEM
fouling Particulate matter jP-5

- . Existent gum JP-5
Accelerated stability OEM

Other Cont d :in ati on WSIM JP-5
Filtration time jR_s
Additives DFM , JP-5

S — E~
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• Er3sion or fouling contaminants — those which can plug small openings , foul heat ex-

changer su faces , or erode materials that are exposed to the fuel or its products of

comb ust i on

• Other contaminants — those contaminants and additives that can block the fuel flow wi thin

t he sup p ly sys tem or otherw i se compro mi se ope rat i on

Th us . Table S-2 illu strates a framework which can be used to compare fuels by their speci-

fications , showing the di fferences between the MILSPECS and the requirements made of corresponding

civilian fuels , and identifying each di fference as it affects safety , performance , or maintenance

of combustion equipment.

When compar ing fuels it is important to recognize that civilian fuels may meet a number of

specifications. The most general are the ASTM speci fications . Mos t fuels must also satisfy the

specif ications of the company that refines them , and those specificat r ns are frequently m ore strin-

gent than the ASTM , espec ially for some elements . Both of these types of speci fications are limi ts ,

and analyses of actual fuel samples generally show that the fuels surpass even the company specifi-

cation. Therefore , Aerotherm assessed the differences between MILSPEC and corresponding civilian

fuels by a set of comparisons. First , the MEISPECS were compared to the ASTM specifications , then

to several company spec i f ica i ons , and finally to actual analyses of civilian fuel samples . These

comparisons showed:

• How currently acceptable Navy fuels differ from the guarantee’l characteristics of com-

parable civilian fuels (at least most domesti c an many foreign fuels , w h ic h are sold S
.

confo rming to ASTM speci fications)

• How the same Navy fuels differ from the m inimum quality fuel that several petroleum corn—

pv nies will guarantee to supply

• How Navy fuels differ from typical fuels delivered to civilian users

The first two comparisons are based on guarantees and show the biggest possible differences between

Navy arid c i v i l i a n  fuels , while the last comparison shows current differences .

It became evident during the early stages of the study that the distillate fuels , suc h as

the Numbers 1 and 2 fuel oils and diesel fuels, satisfied many of the MILSPEC elements for DFM .

Therefore, these fuels could be used in lieu of DFM , at least for a short time , without having to

replac e or nmodif y equipment. In addition , JP-5 and the corresponding civilian fuel Jet A/Al appear

to be reaco nahl~ simi lar. Hence, these fuels, all middle distillate , were rnnsi dered to be

s -i



preferred alte rnates and were erm pha -4ized in both the availability /cost analyses and the detailed

fuel comparisons. In m ast, ana lyses of actua l fuel samples of preferred alternates for DFM show

that some fuels e f l i s t  whose nmeasur ed properties all sa t i s f y the MILSPEC. However , some propert ies

(demulsi fication time , neutrality, and permitted additi ves ) were not measured and could deviate

from the M ILSPEC.

Anal yses of heavy fuel oil alternates to DPM (t~y. , Numbers 4 , 5, and 6 fuel oi l s ) ,  on the

other hand , conf irm the impression given by the corresDonding ASTM specifications that they devi ate

from the MILSPEC in many areas. The most significant dev ia t ions are viscosity and contaminants

(particulate matter , etc.).

Both fuel suppliers and the Bartelsville Energy Research Center (ERDA ) reported results of

property tests on Jet A. These data showed that several samples from among all those tested satis-

fied all the MILSPEC requ irements for those properti es which were measured. However , explosiveness,

olefin content, acid number , and part iculate matter were not measured , nor was the presence or

absence of any addi tives noted. Although the important f lashpoint cri teria was not satisfied by a

number of sam p les , (i .e. ,  those where a ll the measur ed properties did not meet MILSPECS), all the

fuels ana lyzed met the MILSPEC criteria for dist i l lat ion properties , most combustion properties ,

and a number of contamination levels.

In sunhmm ary , then , certain readily and conunercially available civ ilian fuels in the middle

d i st i l la te  range nearly sat isf y the requirements for MILSPEC fuel. As will be noted in the next

s e c t i o n , the p rec i se  quantitative impact of using such fuels in naval systems is not known , alt hough

the genera l nature and direction of the impact can be assessed. Since these ‘ preferred a lternates ”

are so readily available, prudence dictates that the Navy should conduct a program to quantif y the

potentia l impacts on their combustion systems of using such alternates .

QUAL ITATIVE IMPACT OF NONCOMPLIA NCE WITH SPECIFiCATION ELEMENTS

Table S-3 identifies how each element affects combustion equipment by noting the qual i tat ive

impact on combustion equipment of individual noncompliance wi th each MILSPEC element. These poten-

tial impact(s) are noted separatel y for the three basic types of naval combustion equipment.

For some specification elements the potential impact (s) vary wi th equipment type. For example ,

cetane number has an impact only on diesel eng ines , while explosiveness impacts onl y aircraft gas

turb ines . These variations should be considered when determining the conditions under which a

c iv i l ian  fuel could be substituted for a MILSPEC fuel in a given type of combustion equi pment.

S-Il
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l iP L F S- 3 .  IMF ACT OF ELEMENTS
- - - 

ernest 
- 

bs l l e r s  Diesel s 
- 

Gas ~U rb’ne5

Flash point Safety Safety S a f e t ,

E xplos ivene s s Not app l i cable Not a pp l i cab le  Safety  for a i rc r a f t  on’. turbine .

V iscos i t y  Puritr ab i l ity , lrrc ompl e te Punpabi l i ty . incomplete con - Pur5 ia br l it y , inso r~ le te  c - — t  ~~‘cOritm ust iOn . arc lubr ic i ty bustiorr . Powe r loss due t~ and lut r i : i ty
i r . tec  t o n  pump and inj ecto r
le ak age , and lubr ic i ty

Grav ity Endurance Endurance Endurance/ range

Appearance/ color Pluggin g and/or corros ion Plugging and/or corrosion P l u q c m r c  and/or c o r r o s ic ’

Deaxa ls if i ca t ron  Potent ia l  corros ion . Potent ial  corrosion , clogging Potential corrosion , clogginc a e  t’
clogg ing due to organi c due to Organic slima s organic sline s
sline s

Cetane nunter Not app l i c able Ignition speed — s rrxtke and Not applicable
increased fuel consumption

D i s t i l l a t i o n  tern- Start up Start  up, response to rapidl y Start ut
perature . 10 percent fluctuating load/speed demands
recovered

D is t i l l a t i on  tempera- E l iminat ion of hard to El imina t ion  of hard to Elimination o’ la rd to vatrcmr zfl
ture . 90 percent vapor ize  f ract ions vaporize fractions fractron~
recovered

Dis t i l l a t ion  teirmera- S imi lar  to d ist~ l lat ion Simi lar  to d i s t i l l a t i o n  ten— S imi lar  to d i s t i t l y t i c ” -  tem~mera t -. ~ -
tur.s , end point temperature , 9~; percent perature , 9~- percent recovered . 90 percent recovered

recovered piston ring and contustion
chanter deposits

Freezing point Low temperature formation Low temperature formation of Low temperature forrira t or cm ’ 1 s f  vs .

Cloud point of i c e / w a x  c rys t a ls  car ice/wan c ry s ta ls  can c log cr i’ s t a l s  can clog f m l t e r  a r c  c t ie r
clog f i l te rs  an ’l Other f i l ters  and other small small pass age s
sma ll passages passages

Pour point Low tenperature l imi t  for Los te nmerature l imit for Low tem perature l r m m t  for qra~~m t y
g rav i ty  f low from Storage gravi ty  flow fro m storage f low fro m storage , nc- t a cm c - ?  i ca t - ic

for av ia t ion  gas turb ines

Ole fins Not app li cable Not applicable Aviat ion gas turbi n e ~ae~ s t o ra Te
favorable lubr ic i ty  cb y r a : te rm St i

Sul fur  w ren contmined Corrosion of tute s and Corrosion of in jec tors ,  Hot-gas path corrosion ci v nrn ta ts
w i th sodiu m ., pota s- other hot-side r r*ta l l rc  pistor pins , and rings ;
slum , etc . l  surfaces liner wear ;  deposits

~~rcaptan s Not applicable Not ap ol icable Attacks elastoners; odo rs

Copper corrosion Not app l i cab le  Copper a l l oy  corrosion Copper a l loy  corros ion

Ac id  nunter neut ra l i ty  Corrosion of ima ta ls  Corros ion of netals Corros ion of netals and e ’ as t c ’ ’v -s

Carbon residue Fouling , cloggin g ,  sntke , Foul ing, c logging, srmk e , Fou l1 r r ~~, ci r oc ’n c , sire - I c . ra m t m t ? co
rad ia t ion increases wa l l  radiat ion increases wa l l  in : r e a s e s  wa l l  arm ? 1 ncr t mrmperat ure s
and heat t ransf e r  surface teriVeratures
terrmeratures

Particul ate matter (.c’ion and wea on pulmi s , Erosion on Inject ors , pumps . Fuel system wea ’~ and clooar r - rt . I’m t i n t a?
Ash  deposits on heat transfer pistons , rings , deposits turb i ne corrosion due tc n r csl, r ren,

su rfaces , tube w a l l  of p r o i e s r ve co e t no ’
clogging

Accelerated s t a b il i t y.  Storage s t a b i l i t y  erosion Storage Stat- 1 ta erosion ‘~ts ra 5 t a t - l i t,  Pro m ‘ I ., ? ‘i, -
i n s o l u tles foul int, de pos i ts , fouling, de posits , s tic k i n c  depos i ts , c t ic kmrr ~

St i k  ir m

Water sepa ration Polar mat e r i a l  r’ resent . Polar material pre sent • lo l a’  m a t e r i a l  p re se r  . drca .- r’
ind e, . nmd i f,e d disarms coa lesc er s disarm s coal e scers coalescers

Fue l syste m ic rnq Not applicable Not a p p l i c a b l e  Lowers flash po int , pol ar cha ra cter-
Inhibi tor isti c s can disa ’—i- coalescers

Corros ion Inhibitor Not appli cable Not a p p l i c a b l e  De clrade st ab il i l,  dar ns c i S a i ’

Anti ox id ant Deqrade therma l stabili t y Degrade therma l Stat- l m l y  Degrade t i e r r iW  st~ t ’ l i i

~~tal deactivator Degrade stabilit y dur i r~ Detrade st at - - l i ly  dun m m , tiectrade s l a t ’ 1 ’ ’  st oraoc
storage , source O f S t O r a Q ,  . source ci f n ? r i p , ’ ~~ ’ s.’ r~ m I ’ r j ? r , r ~ t s  I’ ’ ormc ’~ ‘Ci,
nu t r ent ’ . for organi cs  • for org ani cs • s h e  clri q s rm m: s t e  m loc t c m n i i

~l i n’ cloggin g
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A limi ted amount of more quanti tat ive information was obtained from combustion equipment

vendors abou t the impact of variable fuel properties on their combustion and fuel supply systems .

Based on the survey conducted to obtain these data , it appears that the manufacturers and users of

these systems are concerned mainly about a small number of potential impacts . These are:

• The correlation shown between reduced flashpo int and increased instances of aircraft fire

• The importance of being within a prescribed v iscosi ty  range to a’,oid problems wi th

lub ricity , flame stability , pumping , and atomization

• The need to minimi ze sulfur levels to reduce corrosion in all types of combustion

equipment

• The fact that insolubles can foul not only primary combustion equipment, bi t may also

clog fuel flow passages and fi l ters that are designed to remove them

SUMMARY

The main conclus ions o~ Aerother’m ’s study can be sumarized as follows :

• Coirinerc ial fuels exist which are similar to MILSPEC fuels ; these coetnercial fuels are

used in comparable applications and have properties which may differ from those required

of military fuels in only a few areas . Specifically:

— Some civi l ian counterpart fuels, as delivered , satisf y mos t elements of the MILSPEC

— Delivered c iv i l ian fuels vary by supplier , but a gi ven supplier tends to have a

cons ist ent  fue l

— Differences generally are restr icted to the fol lowi ng parameters : ,af, .t, (flash p 01 mm

and explosiveness),  add itives , and properti es for which limits are specified by the

mi litary but not the c iv i l ian  standards ( i . e . , ” unmeasured propert les ”)

• A substantial  quantity of “comparabl e” coninercia l fuel is avai lable , and a ‘~av y progra nm

to explore further any potential i mpacts on their fuel systems and cocnhu stl on e-;ui p iiient

from using these alternates is just i f ied

S- l r l  
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SECTION 1

INTRODUCT ION AND SUMMARY

In recen t years , part icularly since the Oil Embargo of 1973 , all major fuel consuming

sectors in the United States Navy have become increasingly aware of the limi ted supply and high cost

of petro leum fuels. These fuels are essential to operate the Navy ’ s forces a f l o at , i ts a i rc r i~ t ,

and its shore fac i l i t ies,  and they are current ly consumed at the ra te of ?~~fl .1,;)1l barrels per day .

Energy conservati on is one method to reduce this demand on petroleum resources and the resul tinst h i m t mm

annua l expend i tures for fuel . In addition , conservation is in the long-term interests of the countr y,

s ince it assists nationwide efforts to “stretch” our P’emaining oil reserves. Alternatives to

petroleum-based fuels are another option , One of these, shale oil , is being evaluated by the Na uy in

its 100,000 barrel oil shale experiment. Yet another option could be the use of fuels which do not

meet all the requirements of military specifications (MILSPECS) for fuels , but which could be burned

without sign ificantly impairing naval operations. This approach could increase fuel availability and

reduce costs to the Navy .

To assess the desir~bi lity and feas ib i l i t y  of using non—M ILSPEC fuels i i-  lavy combustion equ i~-

rnent , the David W. Tay lor Naval Ship Research and Development Center (DTNSROC) engaged the Aerothern s

Divis ion of Acure x Corporation to perform a study w i t h  the fo l lowing object ives:

• Determine whether there exists a large supply of fuel beyond that currentl y being prom: u i ’- ’i

for the Navy, which meets, or nearly meets , military specifications

• Determine whether any such comparable non-spec ” fuel is less expensive than the r ur i ’Pn ti v

a pproved produc t

• Assess , using avai lable information , the v iab i l i t y  of s t i rr in g, handling, a ir ! burninr t

compa rab le “non-spec ” fuels i n naval systems

Ea rly results indicated that substantial quantities of fuel which nearly meet the M ll’ .l’~Ct were , in

fact, be ing produced . These findings justified an evaluation of the viability crf usinq such other

fuels , even if only on a limit ed basis. To provide the background for ‘. r -c h an eva lua t ion . Aerc the rnm

first compared naval marine equ il.rmnnt (s hipboard cont iist inn systems and chip-based a i rc raf t )  and 
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operating requirements with corresponding civilian systems to determine wh y these two user groups

place somewhat different requirements on their fuel (Section 3). We then identif ied differences

between the character ist ics of fuels which sat is f y the MILSPECS (Diesel iue l Marine (DFM ) for shi p

propulsion and hotel services and JP-5 for ship-based jet a i rc ra f t )  and compara ble c i v i l i an  fuels.

In each case , military fuels were compared to civilian fuels which (1) satisfy civilian ASTM specifi-

cat ions, (2) sat isf y select oil re f i n e r s ’ specifications , or (3) have had their properties measured

on samples of delivered fuel . These comparisons are presented in Section 4.

Thus, Sections 2 through 4 present genera l data on ava ilability, cost , fuel cha racteristics

and poten tial impacts. To indicate what options might be avai lable to the Na vy in a specific situa-

tion , Section 5 identifies possible substitutes for DEN and JP-5 that could be ava i lab le  to Navy

‘ac i l i t i es  at Norfolk , V irginia,  and San Diego , Cal i fornia.  It then considers the extent to which

use of these c omparable civilian fuels night af fect  the safety, performance , or maintainability of

Navy ship-based combustion equipment.

As imp l ied above , t h i s  study was restricted to alternates for ship-based combustion equipment:

steam boilers , reciprocating engines , and marine gas turbines for propulsion or Ships service , and

gas turbines in carrier-launched jet aircraft. The boilers and engines now burn mostly DFM , the air-

craft are fueled wi th JP— 5 , and the marine gas turbines can burn either OEM or JP-5. In Section 4,

we will show , in detail , the similarities and differences between the Number 2 fuels (both fuel oil

and diesel fuel) and OEM. Likewise, comparisons w i ll be presented between Jet A (and its arctic

equivalent, Jet Al) and JP-5. The Jet A/Al fuels are used by civilian jet airliners and are compa-

rable to Jci _ 5

This study looks only at the similarities and differences between the military fuels and

existing, conmercia lly availab le civilian fuels; it does not consider possibilities for increasing

fuel availability by changing refinery configurations. In addition , because of the paucity of data

in fuel availability and properties outside the United States , only general conanents and broad-based

rl.i ~ a are presented !~ r the reg ions outside the CONIJS.

The ma in conc lus ions  of this study are summarized below :

• Corimierc i i t fuels exist which are simi lar to MILS PEC fuels; these COnhimecia ial fuels are ~~~~~~

in comparable applications and have properties which may dif fer frrsmm . t i m r’ , ’ requir ed ‘51

military fuels in onl y a few mccii . Specifically:

Some ivi 1 i i’ . ~~r mii ? m ’ r p.lr t fuels,  as del ivered , sa t i d y most elements of the Ml; Sl’t (

Delive remi ci vm tm ia n fuels vary by supplier , but a give n supp lier tends to have a

- nnsi t m - m i ’ f oc i
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— Differences generally are restricted to the following parameters: safety (flash poin t

and explosiveness), additives , and properties for whi ch limits are specified by the

mil,~tary but not the civilian standards (i.e., ”unmeasured properties ”)

• Careful analysis of DFSC data confi rmed the bel ief that the Navy ’ s worldwide consumption

of DFM is about 2 percent of the domestic production of m i d d l e  distillate; for jet air-

cram ’t its total consumption of J P—5 is approximately 7 percent of the domestic production

of kerosine-based jet fuel . Therefore, a substantial quantity of “compa rable ” conine rcia l

fuel is ava i lab le ,  and a Navy program to explore further any potential impacts on their

fuel systems and combustion equipment of using these al ternates would be justified .

• Fuel shortages have been localized , temporary , and unpredictable. The conservative view

is that this problem w i l l  recur with increasing frequency, even though availability

exceeds Navy demand at various times in some parts of the world.

• JP—5 shortages will become worse if the other services switch to JP-8

• Attempts to alleviate future shortages of middle distillate fuels, such as OEM or JP-5 ,

by turning to West Coast refineries which process Alaskan crude will not succeed wit h

cu rrent rcfi,iery configurations; sufficient advanced refinery capacity does not now exist

on the West Coast to process enough of the heavy Alaskan crude to meet the total demand

for middle dist i l late

• Incremental fuel costs that could be related to the special requirements imposed by the

MILSPEC are not predictable; currently they account for only a relatively small part of

the total cost

Based on these conclusions we make the following recoimnendations:

• Develop a standardized procedure to evaluate the impact of using non—spec fuels. This

procedure should be capable of meeting specif ic r,eedc , such as to test the potential

impact on Navy fuel systems and combustors of uling petroleum-based fuels which satisf y

most , but not all of the MILSPECS , as well as the general needs of the shale oil program.

Th is  recommendat ion is based largely on the following findings:

- - Shortfalls in MILSPEC fuels have occurred in the past and are likely to occur again ,

even if only on a temporary and loca l ized basis

- Fuel s wh ich could probably be used in naval combustion systems with litt le or no

impact appear to be ava i lab le  in quant i t ies that greatl y exceed current Navy consump-

t ion

1-3
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— Limited experience wi th  sonme of these alternates ( i .e. ,  No. 2 fuel oil and No. 2

diesel fuel in lieu of DFM and Jet A/Al for JP—5) and/or engineering judgment suggests

that they could be used , if necessary, by Navy shi ps and ship-based aircraft. Data do

not ex is t , however , to v e r i f y this supposition nor to identif y the extent of any

itmpacts that may occur.

- - Characteristics of civilian fuels of a given grade (e.g., No. 2 diesel fuel) vary from

supplier to supplier (even though they tend to be uniform for a given suppl ier for

long periods of t ime). Therefore , each supplier ’s potential alternate to a military

fuel will probably differ from the MILSPEC in a different way than do other suppliers ’

fuels . This means that many fuels n ight have to be evaluated and , hence, a standardized

procedure would be appropriate .

A standardized procedure is especially timely now given the Navy ’ s interes t in shale

oil and the concomitant need for a methodology to identif y any potential impacts of

using that fuel

• Extend the problem definition phase of the fuels availability program to:

— Measure properties of alternate fuels (especial ly foreign) where not known

— Further explore flexibility restrictions on a company-by-company basis. This should

include indentific ation of companies whose civilian counterpart fuel meets, or nearl y

meets , the MIL SPECS and determination of the availability of such fuels.

• Conduct R&D to determine how the Navy could use alternate fuels which are available in

large quantities and nearly satisf y the MILSPEC. Such approaches could include:

— Minor equipment changes to shipboard fuel and combustion systems

— Identification of emergency conditions for which existing alternates can be used now

More detailed conclusions and reconinendations are presented throughout the report and , as a group,

in Section 6.

1 4
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SECTION 2

FUEL AVAILABILITY AN D COST

2.1 INTRODUCTION

Planning — whether for contingencies or long-range purposes — must be based on accurate data .

The types of data required are directly influenced by the planning goals. The goal for this study

was to provide accurate data on fuel f lexibi l ity for future planning. Therefore , Aerotherm sought

answers to the fol lowing questions :

• W hat types and amounts of fue l has the De fense Fuel Suppl y Center (DESC ) been supplying

to the Navy ? To what locations has DFSC del i vered fuel to the Navy? What has DFSC paid

for the fue l?

• Wh ich suppliers in these locations have comparable civilian fuels and in what quantities?

What have been civilian prices at these locations for comparable fuels during the same

time periods?

To answer these questions , Aerotherm col lected and analyzed data from the following sources:

• DFSC

• Platt ’ s Oilgram

• Refineries , both domestic and foreign (through direct queries)

• The Oil and Gas Journal

• Energy Stat is t ics Office , Department of Economi c and Social Af fa i rs , Un i ted Nations

• Federal Energy Administration , Bureau of Mines , Bureau of Labor Sta ti s ti cs and othe r

government agencies and off ices

• Ame rican Petroleum Institute

The selection of data from these sources was based upon data availability and upon Aerotherm ’s ini t i a l

identification of preferred alternative fuels (di m- ussed In Section 4). Thus , althou gh t im’ t y rm’ ’

and quantities of fuel that DFSC has been suppl yin g to the Navy were determined , th m -- o’ data wer e “ ‘h

available In finer de t a il than by OFSC report inu region . Production data on c i v i l i a n  f r m - i s  w i- m m - also

7-I
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avai lab le  only by reporting regions, in this case those of the Bureau of Mines for the U.S. and of

the U.N. for the rest of the “Free World ” . None of these regions corresponded to those used by t im’

DFSC. As a result , the bulk of the availability comparisons are based on aggregate data for the U .S.

3imd /o r the rest irf t im Free Wor l d. These overall data are supplemented by the few specific examples

we could obtain from DFSC and fuel suppliers of known shortfalls in MILSPEC fuels or of potential

local availabilities of equivalent fuels. Together these data enabled us to reach useful conclusions

about the potential for shortfalls and the availability of fuels which could be used w ith l i t t le or

no i mpact on Navy combustion systems iii the event of such shortfalls.

A similar situation was found when attempting to compare cost data. DFSC reports only its

sean cost for each fuel type — i.e., its costs for the product averaged over all prcmcurenents over

the f i s c a l  year . Furthermore , these costs are for products delivered to DFSC tan k farms. DFSC then

charges a user , such as the Navy , this average price plus an additional sum which is the prorated

share (based on volume of fuel obtained) of the total cost of running DFSC — administrative and pro-

curement costs plus those of operating the tank farms and fuel transportation systems . In other

words , when the Navy obtains fuel from DFSC , it pays an amount which is independent of location .

Therefore , it is not meaningful to compare prices between MILSPEC fuels supplied by DFSC to a par-

ticular ship or facility and comparable civilian fuels that are available locally. The comparisons

presented in this section will show , instead , how the seen DFSC cost for each fiscal year compares

with the range of fuel prices throughout the U.S. for comparable civilian products.

The following discussion then , fi rst delineates the scope of the study , as it applies to fuel

availability and cost, and the methodology used to select data. W2 then present sunmiaries of the data

for boiler , gas turb ine , and diesel fuels and aircraft jet engine fuels. Details of the data , with

coimiiments, are presented next , followed by conclusions.

2.2 SCOPE OF FU[L AVA ILAB IL ITY  AND COST STUDY

2.2.1 Fuels Included

This study addresses shipboard-used boiler , gas turbine , and diesel fuels and ship-based

air raft jet engin e fuels , Data for fuels used for posts , camps , and stations are ou tside the scope

of this S t - m u , and were not sought. Because the Navy ’ s boiler an d diesel fuel usage type changed

markedly during the period covered by this stud y (i.e., pre -embarqo to June 30, 1976), data were

col lected for:

2-2
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• Navy Special Fuel Oil (NSFO)

• Nav y Distillate Fuel (NDF)

• Diesel Fuel Marine (DFM)

Howeser , since the tmlavy current ly uses primarily DFM for its diesels and boilers , civilian

fuel av~i l abi l r ty and price data were Sought mainly for fuels comparable to OEM , with in the spec-

trum of potential fuels for civilian boilers , diesels and Shipboard turbines. However , Navy carriers

and iSP ’ Navy gas turbine ships receive JP-5 jet fuel . Since the naval aircraft which use JP-5

also burn JP-4 on certain occasions , data on both of these fuels were collected , as well as for the

closes t analogous civilian fuel to JP-5 , Jet A/Al.

In certain cases , the available data are aggregated for several fuels because they could be

obtained in no other form .

2.2.2 Time Per iod

Data have been collected , where possible , for the 1974 , 1975 , and 1976 fiscal year periods

and for the 1973, 1974 , and 1975 calendar year periods .

2.2.3 Data Variables

For each military specification fuel , data collected from DFSC include c rounts procured ,

absolute and relative amounts lifted * to the Navy , geographical areas to which these liftings took

place , an d the price paid by DFSC for the fuel.

Data collected for civilian counterpart fuels include the amounts stored in countries out-

side the United States , domestic demand , production and import quantity, domestic and overseas

price data , and selected refinery production and refinery-pipeline t ie- in data.

2.3 STUDY METHODOLOGY

Da ta were collected from the records of the DFSC at Cameron Station as written or printed

material or through intervi ews with personnel. (Acknowledgements are provided in the last appendix.)

The DFSC data presented are for the amounts lifted (i .e., product actually transported and

received ) rather than for procmirement amounts. Until FY 1975, DFSC “procurements ” bore little

See Glossary  f or a de f in i t i on  of this term .
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relation to the aimx unt of fuel actually purchased and transported to DFSC receiving stations or

loaded Onto DFSC veh icles at the supply point.

Data on domestic demand , production and imports were a lso used and were obtained froimr the

Mineral Industry Surveys prepared by the Division of Petroleum and Natural Gas of the U.S. Bureau of

Mines . Wholesale price and price index data were obtained from the Bureau of Labor Statistics of

tim e Department of Labor. Supporting data were obtained from reports of the Federal Energy Adminis-

tration (FEA), the American Petroleu m Institute (API), the United States Senate Committee on Interior

and Insular Affairs and its subcomm -mittees. In addition , Platt ’s Oilgram , the Oil and Gas Journal ,

an d various oil company-furnished price and fuel availability lists were used. Overseas data were

obtained from the Energy S ta t i s t i cs  Off ice of the United Nations Research Center in New York , the

United States Bu reau of Mines , various overseas petroleum companies , and the commercial publications

listed above. In addition , much data had to be obtained by direct query of individuals who work for

both domestic and forei gn oil companies.

2.4 SU~’?4ARY OF FUEL PRICE AND AVAIL ABILITY DATA

2.4.1 Marine Boiler , Gas Turbine , and Diesel Fuels

The Navy ’s marine boiler , gas turbine , and diesel fuels during calendar years 1973 , 1974 , and

1975 were NDF , NSFO , and DFM; data for these fuels are summarized in Table 2-1. Although heavy or

“ residual” fuel oil ( i .e . , such as Numbers 5 or 6 fuel oil , which are frequently called “Bunker C”)

are commonly found in ports , distillates are also widely available. Unfortunate ly, the published

UN storage data do not separate residual and d ist i l la te fuel oi ls on a worldwide basis . There is

thus no publicly available source of data on distillate fuel storage. When Texaco , Shell , Mobil ,

Chevron , Caltex , and Exxon were queried about their overseas operations , they would not reveal the

actual quantities of distillate fuel in place at various locations. Typical company responses were :

“This information is proprietary . Tell us what quantities you want and where you want it. We

will quote a pri ce.”

The domestic production fi gures for dist illate fuel oils include data for Number 1 , Number 2,

and Number 4 fuel oil s * and Number 1 and Number 2 diesel 0115 .
1’ 

Kerosine-typ e distillate use d as - 
-

re t  fuel is  not included. It was not possible to separate data for each individual fuel. However ,

Conforming to ASTM specification 0396
4-

Conf orming to AT T N spec i f i ca t ion  0975

_ _  
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TABLE 2-1 . AVAI LABILITY OF DFM + NDF + NSFO

Un i ts: MMBBL
CV 1973 CV 1974 ~~~~~~__

• Quantity lifted to Navya Unknown 22 24

• Civilian counterpart fuel availability
b

— Amounts of distillate and residual 944 907 Unknown
fuel stored in ‘ Free Wo rld” cou n—
tries outside the U.S.C

— Domest i c p roduct ion , dist i l late fuel 1 ,030 947 968
oi ls d

aMore than 85 percent of the amount lifted by DFSC went to the Navy

b
Ddta for civ ilian counterpart fuel were obtained from Mr . Arthur
Ramsdel l of the Energy Statistics Office of the Un i ted Nations (for
noncommuni st foreign countries), the United States Bu reau of Mines
and from Reference 1

CThe U.N. term inology for Free World’ co untr i es i s “noncent rally p lanne d
econom ies ”

d lnclu des Nos. 1 , 2, and 4 fuel oil and Nos. 1 and 2 diesel oiis
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‘ircp both Sad ‘i and N-rr ~t,m’ r 2 fue l oils or dies el fuels are pote ntial replacements or extender s *

to 5m m ,  OEM s~ppI ies , this da tr r r J5 ic q rm ti o n is deeme d acceptable. (About 12 to 13 MMBBL of Number 4

‘.rc] oi l are also inc l uded in the annual dome stic production aggregate values.)

Tb .’ upL rox irn ate rafm nery yield of distillate fuel oils ma r i ed in the first quarter of 1976 be-

t wm’ m’r - 1 1.5 ;rt r- .r ,- m : t , in PAD 5 , and 28.9 percent , in PAD 4, with a United States sean of approximately

22 percent.

2.4.2 Jet Turbine Fuels

As previously stated , Navy jet planes use JP— 5 for all ship-based operations. JP-4 is some-

times used fcr ’- refueling when flying from land bases, particularly within the CONUS. The civilian

kerosine-based jet fuel corresponding to JP-5 is Jet A/Al , in worldwide use as a comixiercial jet fuel .

Jet B is the corresponding ci -mil ian fuel to JP-4. It is not widely used for fl i ghts within the United

States and is pri m ari l y found and used overseas. Table 2-2 presents a summa ry of recent availability

da ta for these fuels.

The approximate refinery yield of jet fuel from crude varied in the first quarter of 1976

between 2.9 percent in PAD 1 and 12.8 percent in PAD 5, with a United States mean of approximately 7

percent. These variations in refinery yield of jet fuel among the PADs is due largely to differences

in the trades used , the type of refineries in the PAD, and the local demand. In PAD 5 , about 20 per-

cent of the jet fuel produced is naptha-based , and the remainder is Jet A/Al or JP-5.

2. ~t .3 Srm:rm arj

These data show Navy usage of distillate boiler , diesel , and turbine fuels. By themselves ,

they do not show how much , if any, of the middle distillate production not used by the Navy would be

usable (in , m - m r f i r ’- -ia r “with tb~ appropriate mi l i tary fuel specifications or even wi th minor equip-

ment , maintenance , or use modifications) in a fuel shortage. This issue is addressed in Section 4.

The data al s o do not prove that shortages can not exist. Indeed , some evidence that shortages can

exm ~,t is presented in the following section.

2.5 SPECI FI I  E 5A1’~l t i  (iF SHORTAG ES OR INCREASED AVA I LAB IL ITY  - -

In t his ‘-h r ti ~,n several specific examples relating to fuel availabi lity are presented . First ,

we identify two cases where .JP—5 could not be obtained. Then we discuss the potent ia l  impact on J P— 5

Nuiiter 1 fuel oil , for exanmp le , can serve as a blend fuel with c e rt ai n high flash point Number 2 oils

EluMi ne s PAD boundaries arc shown in Fi gure 2-1



_ - . -

TABLE 2-2. FUEL AVAILABILITY: JP—4 + J)~-5

Units : “1MBBL

____  _____ _____ 

CV 74 CV 1975

• Quantity lifted to Nay? Unknown 21 22

• Civ ilian counterpart fuel availability b

— Jet fuel (Naptha and kerosine-based) 97 99 Unknown
stored in “Free World ” countries
outside the U.S.C

— Domestic production , kerosine- 248 234 252
based jet fuel

aSixteeri to eighteen percent was JP-4; the JP-5 lifted to the Navy
represents more than 97 percent of DFSC liftings of JP-5.

bData on foreign noncommunist fuels were obtained from the UN Ene rqy
Statistics office and Reference 1. N~.iptha (Jet B/JP-4 type) and
kerosine (Jet A/JP-5 type) — based jet fuels are aggregated together in
UN data . The data on domestic production from the Bureau of Mines are
for JP-5 and Jet A/Al only. JP-4 production is separately recorded as
“Jet Fuel — Naptha Type .” For calendar year 1975 , the Bureau of V i nes
reported refinery output of 66 MMBBL and a domestic demand of about 77
fTMBBL of JP -4.  (i3uMines reported imports of 11 MMBBL during CV 1975.)
DFSC reported liftinqs of 69 MMBBLs and worldwide liftings of 99 MMBBLs ‘

to all service agencies during this period. - :
C
The U.N. terminolog y for “Free World” countries is “noncentra lly
planned econom i es ”
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availability of the IJSAF switching to JP—8. And last, we cite fuels wh ich either meet iil Tt - i r y speci ’ m-

cations, without being identified as such , or which come close to satisfyin g m ilitary specificat ions.

2.5.1 JP-5 Spot Shortages

Conversations w ith procurenent off icers at OFSC e l ic i ted the information that spot shortages

have already occurred in supplies of JP-5. For example , in a recent attemp t to procure JP-5 for use

in the Indian Ocean , DFSC solic ited the following companies:

• Ca ltex (Ras Ta nura/Bahra in)

• Gulf

• Exxo n

• Chinese Petr ’leum mm Corporation

• Kuwa it

• Banda-Masha r

• and others

Only the Chinese Petro leum Corporation was w i l l i ng  to supply JP-5.

In a second recent attempt to procure JP-5 for use in NATO exercise Kangaroo Rat , neither JF-

5 nor Jet A /Al was procurable, and , accord ing to the information furnished by DFSC procurement

officers , the Navy had to bring in fuel by tanker from Subic Bay to meet its needs . As far as we

could deter min e , there appeared to be no official mechanism which woul d ensure that such information

was transm itted to thE Navy Energy R&D office.

DFSC procurement recently asked prior overseas suppliers whether they planned to respond t-~’

future REP s for JP-5. As of October 1976 , Kuwai t had replied that they would not respond to JP-5

solic itations dur ing calendar 1971 (other replies are not known to us). It can never be predicted

wh ich comp an ies w i l l  respond to an REP , nor can it be predicted w ith  which companies DFSC w i l l  neqo-

tiat e . Howeve r, Kuwait was -iw,rded a contract for 41 percent of the ,lP-5 procured for del i v e i v Irr i ’-

j u g the Jul y ‘brough December ‘17’, period for the Western Pacific (WESTPAC) Area .

The WESTPAC procurements sp rvim ,r n mil itmr y needs in Guam , Japan , the Phillipine s , (m kin aw a , Th ru iland .
Korea , and Diego Ga rc Ia. Of hi’ I ,blO ,00rr barrels mrf ,lP-5 procured t: m  WFSTPAC , I mimi ras t 7 i ,~ D~ C ri ii :
wi ~~i r irwai t r r’r, uremi i(I( rr mrv ‘- ‘i t’’ l

~ 
hSH ,000 barrels. 



2.5.2 The Potenti al Effect of ~~~~~~~~~~~~~~~~~~~~~~~~ ~~i~’ !fl! 
‘A m

The A ir Force uses about 20 percent of the COnl ri ,1 ,.d do m ’ me s t mc r e f i m m e r v  Output f naptha and

kerosine-t~-pe jet fuels and is currently evaluating tbm ’ advisabi lit , ~1f ‘~w i t i i m m n ;  to JP-8 as its ~~~

fuel. If this happens , and if refinery production of JP-8 could di ’-’-’:~ l~ replace refinery pr oduc tion

of JP-4 , the availability of JP—5 would be unaffected. However , this is unlikely. 1 is ‘e re l i k - i y

that the “ teakett le ” refineries (i.e., t hose wh i ch p rima ri ly distill crude oil into ;e1’srate product

fractions and do not have the abilit y to perform major product modifications) will not be able to

provide JP-8 economically in the same quanti ties as they have provided JP_ 4 . Ti n -si . small refineries

provide about one-third of the JP-4 produced in the United States. * If they will no ~r rmoe r provide

f uel , the country ’s capacity for making jet fuel will diminish by about the susie ,,rir - um it as the -~uam r-

tity of JP-5 currently being used by the Navy (see Table 2 -2 ) .  It seems inevitable , tberr fr-re , th - ,t

JP-5 (and JP— 8) availability will diminish if the AF follows through with its proposed conversion to

JP—8. I n addition , the price of JP-5 (and JP—8) will rise (in the absence of artificial constraints ).

A recent unpublished report issued by the FEA (Mr. Rosenberg, Janua ry 11 , 1977) to Mr. Frank A.

Shront z , ASD ( I&L) ,  has been described by Mr. E ugene Pee r , FEA , as agreeing with these conclusions.

2.5.3 Specific Fuel Availability Examples

In cont ras t , souse fuels are more available than heretofore known . Several suppliers have pro-

vided data to Aerotherm on the typical measured properties o’ fuel oi ls for civ i li an usage that a re

produced in their refi neries. These data are tabulated and compared to MILSPEC requirements in Sec-

tion 4; here we note that the ir fuels either completely sa t is f y DEN or JP- 5 speci f icat ions or come

ve ry close to sat i sfying these specifications. In other words , the ASTM spec ifications are substan-

tially exceeded by the measured fuel values.

One exa,nnle of increased availability of OEM is the Number 2 fuel oil produced by Amerada

Hess. Th is refinery in the Virgin Islands is the largest in the Western Hemisphere , with a crude

oil capacity of 700 ,000 barre ls per day. Amerada Hess supplied 30 percent of the “dom es t i ca l ly

*
Accord ing to Frank Wood , Jr. , President of Pride Refineries and of the American ‘n t m ’r ’ i r - rin R e f i i m r m m m -- .
Assoc i at i on , the “tea kettle ” and other small refineries account fo’ about 30 to 15 ni’ rc c’m r t of (hi
JP-4 produced. This is in agreement with the FEA estimates in Reference 2. T1 1~~c, m - ,’~ s r - r i m ’ - , r i s e
product y ields which currentl y average about 9 ]m u ’m ’cent JP-4 aid 1.7 percent le ros in e’-l- ,i’,e ’ i’~ fuel.
DFSC contracted for about 30 percent of the overall IP-4 procurement fr ,,” such small ( i s . ,  50 ,000
BBLs/day) refineries during fiscal 1977 . It is these refineries wh i m Pm are l i k e l y  t o  ‘m lvi ’  ll m it, ’ l
production c a p a c i t y  for JP-8 and JP-5. 
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produced” DFM dur ing IV 1976. They have informed* Aerothersi that if a solicitation for more DIM is

initiated by DISC , Hess can use their Flumnber 2 fuel oil stock to fill the order meeting all spec i 4 i-

cat ions.

In addition , A rco ’ s Number 2 diesel fuel is an example of a fuel which nearl y sat i sf ies the

requirements for DIM. This c iv i l ian fuel reportedly meets all MILSPEC elements except flash point.

(The Arco spec i f ica t ion is 130°F; MILSPEC is 140°F.)  Arco fuels often surpass their own specif ica-

tions and are thus even closer in flash point to the MILSPEC. Arco makes six times as much diesel

fuel as C, M.

These and other suppliers whose product is of equivalent utility to the Navy , wi l l  be a b le to

cont inue to produce usable fuel as long as the crude stocks (or closely similar ones) used to supply

these refineries remain unchanged. Substantially greater quantities of MILSPEC , or very-nearly-

MILSPEC, fuels , therefore , actuall y exist in the nmarketplace than either DISC or the Navy could de-

termine simpl y by knowing the amounts of these fuels actually del i vered to DISC. Al though measured

(i.e., actual) fuel property data are ordinarily highly confide ntial , Aerother iui was able to obta in

data from some suppliers by promising to maintain the data in a proprietary manner. Aerotherm be-

l ie -es that an extensive and thorough i nvestigation of the actual fuels available is needed to estab-

lish more carefully the important aspects of availability , both with domestic and selected forei gn fuels.

A second category of examples of “hidden ” fuel ava ilability is provided by examin ing the addi-

tives required by military specification and additi ves used commerciall y. The curre nt s pec ifi cat ion

for JP-5 requires the addition of an anti-icing additive which lowers the flashpoint of the distillate

by 6 to 8°F. thus , to meet the MILSPEC , the base for the final product must use a higher f lash—

poin t cut (i.e., less of the l ight end of the cut). For some refineries , this requi res an a dd iti onal

distilla tion stage, which ra ises cost , and at the very least, produces less JP-5 from the input feed-

stoc k , wh~ch reduces the fuel ’ s ava ilability . However , the Navy is currently examining another anti-

icing addi t ive which wi ll not lowe r flashpoints by the same amount. If use of this add i t i ve  proves

greater fue l a v a i l a b i l i t y  w i l l  result.

In ~, 1- l i t i rmn , Ae rotherm im learned that in add i t i v e customari ly used in SoCa l ’ s Chevr o n Sunihi’r 2

i s,’] Fuel to remln j c , ’ -~n,i- ’ forinati on , corrosion , etc. rapi dly disables the coalescers used in Navy

chip s to se j ’,m nate sea water t m (mnIn fuel. The use of this additive means less MILSPEC fuel is av a il,ul ’ti ’

u rn tim,’ ‘ ,, i ’ Fran, i c m ~cm Bay Area . since SoCal m imust make specific arr anqe mneui tc for tank , lin e , and

Persona l m m li ’ njnl m ca i  ‘m n
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lightering fac i l i t y  cleaning and use before any ~FN] - u rn be supplied to DISC. (Althouqh the adr i it i e

ra ises time cost  of the commercia l  fuel , leaving out the add i t i ve  does not lower the overa l l  cos t ,

— s ince the couumpany has to charge for cleaning the tanks , etc . to insure no cont anminatior , of MILSPEC

fuel.) In this instance , the military fuel spec ification does not forniuallj cover coalescers ,

although the prov isions wh ich disallow nonspecification additives would prevent this additive from

being used . Two points can ]‘e made :

• The lac~ of a qu i c k , use-related test prevents Navy ships from determinin g whether fuel

taken on as buskers anywhere in the world will have an adverse effect on equipment

• An examination of the requirement for separatin g water from fuel fronn a “systems” viewpoint

mi ght provide relief from the problem , thereby definitely, albeit sli ghtly, increasin g

ove rall fuel ava i lab i li ty

2.6 GENERAL CONCLUSIONS

During this portion of the study , Aerotherm reached the fol l owing general con ,lusion s :

• Previous studies which indicated that the Navy cu r ren t ly  uses only a few percent ‘f ~irc’

domestic production of boiler , diesel  and turbine fuels (--2 percent of boiler , diesel v i m :

nar m ne gas turbine fuels , -7 percent of keros ine-typ e jet fuels) have been veri fied . This

verification was obtained by compilin g and analyzing data not previousl y used for this

purpose.

• More distillate fuel that meets DIM o m i l i t a r y  fue l spe ci fi~ ,i~ ions is ava il ,L~c’ than t’-

quantity delivered to DISC by suppliers ; the “excess ” amm ’ourm t available s: , lmsiu m rt i a l l y

exceeds current Navy usage of DFM . An even larger amim oun t is available wh i m h sl iv in t ly

misses meeting mil itr ry specif i ca tions for DIM (e.g.. by about S F  on fla shp oint ’
~. 

‘er -

therm recommends that se lec ted  data charac te r iz ing  the MILSPEC-r equire d ‘ ro;e ri es 01

actual market—place fuels from g iven refineries (and their fcs”l’~t r n ’ I ) I’, - r m L ia ined t’ r ’ r i

within and outside the United States , so that t m  r~~l r n J r r , m m r j s~nc” Is of ‘- , ‘l avai iu t ’ il i v

can be characterized m ourn r drC f jlly . *

• If the 10—percent r’lls t i ll a t loi , fraction ( i .e . ,  the light end) of -h ’’ ~I is d i .  vr ,(r

the rem ainder is (appromdmately ) the ‘ 1mm- - i’ a sample ‘ 1  JP—5 . i ’nus S r i - I, a t - I r s  i m mn ~ t ion

*Much of the speci f i c  fuel rr nl ’, ’rt m i - . I n fm mr mmna t I In n ’ i s cons idered propru”] mr by i ii rm r ’r m ’ s  . ‘~~w

based on our exper ience, wi Jmin l qi ’ th ,u t it w ill be made availabl e , - - ‘,l ‘c t  Pm d ’ - .,.‘ m u i r , ,  re. ’’ m -

t ions , to responsible Navy pe rsonnel .

2-Il -
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Suggests that there is a substantial production capacity for JP-5 in the ‘m uted States in

i° i - , ’ ’ ,5  ‘f ‘la y - ? require - r e n t s .

• Spo t shortage s of JP-5 have occurred overseas , however , and are likel y to reoccur. We

are not aware of any me chanism at DISC to cormmiunicate such prospect ive shortages to the

‘lavj . DISC b.i ~ begun to gather such data , bu t , because of the short- term nature r’f r tm n ve r m m-

mont petroleum product procurements , no supp l ier can or w i l l  provide more than ten ta t i ve

future p l ans , subject to the mul tiple, indetermi nate , and complex future influences of

the marketplace upon each individual supplier.

• T’mi’ “cu r -k m ’tp la: e for petroleum products is neither a “sel ler ’ s market”  nor a “buyer ’ s

°,i rk~’ - “ ,n i , . ’rni’Cirt ,m~ tion s - .  such as introducing a new specification for jet fuel and

‘re~e otmi:q ‘re sale f lea d-containing gasoline — wi l l  influence segments of the petroleur

product m arke t p la ce ( e . g . ,  a swi tch  to JP-8 may encourage some sma ll refineries, such

as Pride , to add r e f o r ’ i m , t  capability , and then produce only ~ac e~ . The effect of

:Imrve rnm rie nt actions ripp les out t~ rmm u q b the finan cial market , the plant const ruction market,

the ca ta lys t -producer  market , and so on. No individual at DFSC suggested that DFSC had an

~r rIai mi zed po licy-reco isin ending body consider ing these matters and their im p lications for

DISC ’ s m iss l ’ mi m ,

• ThCr,.. is ,i l - i , k ‘~~ detai led data publi c ly  ava i lab le  in compiled form on the location and

~ m ‘e -I ‘ ,,- 5tmo r .i ’~i’ 
t a ii - t ies ou t s ide ESC Uni ted States. Many of the necessary data

i’ ’ ’ a’ the ‘nt ~ and O her l i i i ]  ~nc in piecemeal form. There is also a qeneral conron:mta nt

-n ~ - mm m t ml l e d data about the qualit y of the fuels available (e.g.. will the ~et fuel

‘rr’ lina r i l v  ‘u comparable to Jet S or Jet B; w i ll the Marine Gas Oil (MGO ) be comparable to

‘i i”’ - 2 * riu .l oi l , WI th what add i t iv es , e t c . )  These data a lso ex is t , but in fragmenta ry

~1me procureuiEfl requiremEnt goals of DISC to date have not necessi tated th~ gather-

m imo ~f ‘m~’ci’ ‘ n vr ’r’;,’ic - lu t .m in a compiled form which would be useful to the Savi .

• iber.’ 1’~ e m’ genera l s r u ’ re  of data on , or tes t procedure for studying, the effects of

add i t iv e ’, in naval shipboard boilers , diesels , and turb ines . Many comm ercial equ ivale nf .s

to rr M (I.e.. N,jn t ,pr  2 fuel oil or Nuruter 2 dIesel fuel ) conta in suc h additives. Except

In Px i r a m , rnl ii ml rv cases (e.g., SoCal Chevron ’s antigum /anticorros ion add itive), their

Inu ien ui al ef t em t upon ‘luvy fuel-l ine , countiustor , stora ge, and fuel—transfer equipment u s
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unknown and cannot readil y be determined at the present ti xme . To resolve fuel ~.--m m l - n P , , ’i ’ ,

questions requir es iuufo rmation on such potent ia l  e f f ec t s .  These data should also be u - . --

fu l to Navy captains who require fuel.

• Refineries which can be supplied by pipeline from CONUS oil we l l s  w i l l  have to supply

the Navy if forei gn crude supplies or foreign product supplies are un available. Refineries

tied into the pipelines which go to , or close to , the major Navy lice’, wn , ’d ~,rs- ,’ m de ‘ E m ’ -

most i iuvnediate source of supply. (Product from refineries not tied i t o  ‘, ‘o ,n pipelines

would have to be tankered or trucked to Navy bases. ) Therefore . ‘:,i N i v ~ ‘r,i( ’ : ’ c  i d - ’

fling, it would be useful to know which refineries could readily rCn e -m,- ‘nmn .1 P ’ S

oil wells and the ordinary product mix they produce from- the Uni t si States c r ’umt e . , as ~
as the maximum potential production of DIM and JP-5 at these refineries.

All these data on refineries and products referred to above vru ’ known or are de te rm ”i ’m ,i]i e

Some data are available at the Bureau of Mines, but have not been compiled and p u b lism ,— i , am :m ,ie m i

because no one has ever asked the Bureau of Mines to do so. Aerotheru~m recosemends t5 m ’ u p ~p’,. - 1 , m t i  tie

com piled and published ; the compilation should also include refineries whose ordinary rodu ’ t 1’

actua l ly marketed exceeds , meets or comes close to M1LSPEC requirements for t.,~ , ,nFM cc lu - s.

2.7  ADDIT IONAL FUEL AVAILABILITY DATA

Th is  sect ion w i l l  expand and provide oackground for mate rial presented in Sections 2.4.1 and

2 .4 .2 , to give the reader a better understanding of the “fuels business ” . This section t el i t ’

aSsociated appendices wi ll also make ava i lab le  to the Navy some of the data w h i c h were compiled f mr

the first time during this study . The discussion wi l l  focus on fuel quantil i data provided by ) FS (

and BuMines and fuel cost data from DFSC , the Bureau of Labor S ta t i s t i cs  (BLS) of the Department - m E

Coniwse rce , and Plat t ’ c Oi lgram.

fla t i for DFSC are ava i lab le  for each calendar quarter w i th im r t m i i ’  quoted vi’ir . ‘hi’ s,’ d a f t  jr,

prone to uncertaintie s or Inaccuracies ( from causes described in ‘- m i b s e c t i o n  2 .7 .2 . 2 )  and , fter dis-

cussion with DISC personne l, only the year ly aggregates are reported her,’.

2 .7 . 1  Data Aggregation by Geographical Region

Data from DISC were co l lected both as regional and worldwide aggregates. The DISC r i - m e n  - - mr ’

shown in Figures 2-1 and 2-2 for the CONUS and overseas , respectivel y. The Mi nes -‘ -i’s dii f e r re t

‘ “ m mn i r , u im hi ,  il boundaries for m t c  Petroleum A l l oca t i on  for Dvf ,Tn ce (PAD) regions 1,11’ F m - s r i  2-1 ) .

: j w m n m e c  has s t i l l  rmth i ’ r  boundaries for ref inery regions (too t ~h~ w m m 1 - ‘ m o m ,’ ‘ rJ ~’i r m ’ - ~ ~uirI DISI data

7- 13



- ,in mm ’ t re ,,nii ly be set arated and reassembled , comparisons are cited only for the United States as a

~f l m l , . . , imn , m, ,r l y dat . ,  re,.e:, enl from the Energy Statistics office of the United Nations are presented

r u 1  as w r i ,Iw ’ d. ’ l’ m’ ; ’ t’ m i t C s , si n ce the UN reg iona l aggregations do not correspond to the DISC

ri m s Outs i-i, t Int’ C m IS S

F

IN ,“fr rp °etr leo” Pi,J ri u ’m m~ trat1 on for CONUS: DISC Reporting Dis trict ~
mIe 1ensm ’ (05p) Ci str , ‘c

Figure 2-1. DFSC and BuMines CONUS region boundaries .

~~‘d Addj nal Da ta,_on DIM, MDI, and NSFO from DFSC

?. ‘.2.1 Lif t lngs an Costs

‘m j’,re 7-3 sir-ow , how DISC l i f t ings of various boiler , mar ine gas turb ine and diesel fuels

i,i’-ied between if  J974 , 1975 , and 1976. Fi gure 2-4 shows the percent of DISC lift ing s which went to

‘re “ - i v y  m e l , f’,r f uels  received t ’y the Navy , also how liftings were distributed between vessels and

rr ,n ~~is ; e l s  ~ihle 2-3 provides further aggregate data on marine fuel costs and ava i lab i l i t y .  (Tab-

- i l i ’  ‘la ’t for each o f these fje l s are provided separately in Appendix A . )

(c m m op.’nbl e da ta for JP-4 and JP-5 jet fuels are provided in Figure 2—5 and Table 2-4.  (Tabu-

l - i ’ l i e ,, for i’ n— ’ tm o ,f th~~ e fuels are also provided separately In Appendix A . )

Comparison cos t data between DIM and conanercial distillate fuel oils are shown in Fi gure 2—6.

CorTrpari’,rt ( m ) ’,t ,l , m f .s  f m m r  JP-5 and Jet A/Al are shown in Figure 2-7 . Coruinercial fuel cost ’. are for

,n, l k deli ver’es m i mi we”r’ obtained p fiuuia rily from Platt ’s Oil gram . Confirming data cam e f i o r m  verbal

n t j t m O f l 5  supplied by var ’ou ’, p’ t ro leu m co mpanies and front the Bureau of Labor i r t , m t m ’,t i c s  of the

te ’j ’  t nment Of r mnc ’ r m: ’ “ - T nt ’ data on c i v i l i an  fo e Is in Fi gure 7-6 were developed try a ve raqinq ~m’ p r , ,r, itel

the highest and lowest pr ices ri’Im,, rt c - d for various locat ions throughout the United States on January

and July 1 , r e spe c t iv e m ,, o f  each -,‘i’ ,ir , Price data for the intervenin g periods wee,’ scanned t m  ensure
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TABLE 2-3. FURTHER AVAILABILITY DATA (DFM , NDF , AND NSFO )a

FY 1974 FY 1975 FY 1976

• Quantity procured 66 38 11
(CONUS)

- 
• Quant i t ies l i f ted to Navy

—. Vessel 22.6 16.6 17

Nonvessel s 16 8.4 5.7

Total 38.6 25.1 22.7

• Quantity lifted , all serv i ces 45.5 29.2 26.2

• Percent of all service liftings which 85 86 87
went to the Navy

• DFSC mean cost , $/BBL
h 

3.20 7.25 10.61

• Civilian counterpart fuel availabil ity CY 1973 CY 1974 CY 1975

— Stored quantities of distil lates 944 907 N .A .
an d residuals in “ F ree World ”
countries outs ide the U.S.

-‘ Domestic demand , distillates 1 ,129 1 ,076 1 ,0~0
— Domestic production , distillates 1 ,030 974 968
-- Imports to U.S., dist ill a tes 143 106 56

‘3Units MME3BL except where shown
b

DFSC mean cost obtained by dividing total dollar s paid by DFSC to
suppliers for all DFM , MOE , and NSFO purc hase d by the total amount
of these three fuels received by DFSC.
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TABLE 2 -4 .  FURTHER AVAILABILITY DATA (JP— 5 AND j p_4 ) ã

~~
Jp.,4 + Jp.,5 IV 1974 FY 1975 FY 197

~~ 1

• Quantity procured 154 134 94
(CONUS)

• 5’r ua i -rtmti e s li~ tei to Navy

- Vessels 6.1 4.6 4.1

— Niovessel 22.3 21.6 20.4

— Total 28.4 26.1 24.6

• Quant ity lifted , all services 132.8 
, 

119 l1~~.2

• Percent of all service liftings which went to the Navy 21 22 21

• DISC cost, $/BBL
b 4.11 8,44 12. 91

• Percent of Navy jet fuel lifted which was JP-4 18 19 16

• Civilian availability of counterpart fuels CV 1973 CV 1974 CV 1975

— Stored quant ities - - f rot fj& in “Free World”
countries outside the U.S. 97 99 N.A.

— Domesti c demand , kerosine-based jet fuel 307 281 289 est

— Domestic product ion , ke rosine-hased jet fuel 248 234 252 est

- Imports to United States , kerosine-based jet fuel 64 49 38 es t
] 

- .

~~~~~ MMBBL except where shown

bDFSC in. mm cost obtained by divid ing total dollars paid by
[SFSC to SJ10 ~ 1 ieu ’s for all JP-4 and JP-5 purchased by the I
total ,ur - smmm u nt on t’m ’-se two fuels rece i ved by DISC.

_ _ _
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that no peaks occurred during toe half—year intervals. In Figure 2-7 an overall earr ~ 5 Shown for

FY74 , FY75 and FY76 as well as high -low ranges for the January through June 1971 period at a number

of hcat ions. In this case the overall mean was computed on a monthly basis and plotted accord irr’ j]v ,

As shown on Figure 2-7 , these trends are generally smooth except for a few changes. L i f t ings to DISC

ove rseas Reg 4 ons I through 5 are provided by suppliers which vary frost one procurement period to

another; Table 2 -5  shows some recent suppliers .

2 . 7 . 2 . 2  DISC Data Uncer ta i nt ies

Navy utilization data can differ from DISC lifti ogs data by as much as 15 to 25 percent on a

short-term (monthly or quarterly) basis. However , on an ann ual bas i s , spot checks done at DFSC*

suggest about a 5—percent uncertainty . The uncertainties are caused by:

• Excluded information , e.g.,  the DFSC data presented do not include :

— In—to—plane fuel contracts (direct purchase of fuel by aircraft from suppliers at

civilian airports)

— Fuel exchanged by the Navy with allied or other friendly navies (on a casual basis)

— Fuel furnished by the Navy to allied navies for use in joint maneuvers

— Fuel sold by the Navy to allied or other friendly navies for shipboard use

— Certain specialized fuels

— Bunker fuel contracts (direct sales from commercial suppliers to ships)

— Fue l sold by the Navy to a l l ies for nonshipboard use

• Changes in record keeping or other procedures , as shown by the following examples:

Before  the embargo , DFSC procurements bore little relationship to actual fuel l i f t m m r m s s ;

differences were as large as a factor of two . Post-embargo procurements n_ c rrm -ecpond

much more closely to actua l liftings (factors of 0.8 to 0.95).

- V ietnam—c losedown records are suspect

- Korean refinery diesel fuel shows up as DIM in 1973 throuqh 1rr4

— ‘~1JF which met ~F~’l specs was relabeled in January 1975 (30 percent rf 1i~~~mnm , s)

~s ‘hr ’ assi ’.t. Irm r e 0’ Et . Cdr , ‘
~~, Wh itt - ,’

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___-rn -,’ - ’ -
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TABLE 2-5. PROCUREMENT SOURCES FOR LIITINGS TO DISC REGIO~IS 1-5 DURING FY 77

Contractor , Refinery Location Product Destination

Caltex Ever’~reen , Ras Tanura /Rahrain JP-4 U.K.
Azor es
Ko rea
Spain
Donges
Ascens ion
Norwa y
Turkey
Ita ly

OEM , JP-4 Japan
OEM , JP.-4 Philippines
DIM Ok i nawa
OE M D i ego Garc ia

A gip , Italy JP-4 Spain
Motor Oil Hellas , Greece F54a Don ges
She l l , Curacao JP-5 Scotland

JP-5 Portugal
JP-5 Spain
JP- 5 Guan tanamo

He ss , Virg i n I s la n ds OEM Guan tanamo
OEM Azore s
OEM Scotland
OEM Ascension

Kore a O i l , Korea JP-4 , OEM Korea
Guam O i l , Gu anl JP-4 , OEM Guam

DFM Kwajalein
OEM , JP-4 Ja pan
OEM , JP-4 P hi l ipp ines
J P—4 Ok inawa

Chi nese Pe troleum Compan y 1P-5 Japan
JP-5 Diego Garcia

Phil i ppines
JP-5 Gualll

Honam Oi l  , Korea OEM Japan
OEM , JP- 4 Korea 

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

_, .

a FC4 is the NA TO de si n in r~tion for  o fuel which is the C loses t  NATO fuel
corres ponding to U.S. ‘lrade DF- O (~~u’i’ NAVS EAIN S ’T lQ’l~

’) .l , N A V A J R J N ~1 1r-300 .2,
SEC 6 101F / ECT , ‘r ”r ‘I-r n ’ , AIR 5364C , dated 14 January 19 76) ;  th is  fuel is
ca l l pd “ D IES II  lUL L : 

---- -~~~ --- -.,~~~~~~~~~~~ “---“ -—---~~~-- ——_‘-- --- - - . - ‘ ,
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— The Navy lift s fuel and then somet inr~-s return s it

— in 197 3, Cherry Po i nt , N.C. used UP-S for heating for several m ’ rorm5 ’ , (c m r mc ’~- - rdd ’ ’i e s

are also buried in the records)

— Some DISC data are not assignable ~1r geog raph ical regions , ro we/I-, , this ,n’

nas diminished markedly for Navy vessel use and d im i n i - ,h e -1 somewhat 1P~~. ~m r ’ ~~~ non-

vessel use. Detailed (region by reg ion) liftings data are pr ’’~err ’u ’ d in t I -n_’I’mr (1 m 5  B.

2,7.3 Additional Availab li t,~, Data on Conmierci al Count~!part Fuels

This section descri bes additional data on civilian fuels correspondin g tr r ~)FM am r.~ ,JP_ 5 , Thp -s u~

data will g i ve the reade r a be tter unders tand i ng of the “fuels rnma rket” and a/d~ la b le nl~~t,, sources

than was previously presented.

Appendix C contains a 1973 BuMines compilation for the United States -r~ the dail y refin /-ry

ou tputs of jet fuel and of Nueter 2 heating oil and diesel fuel (combined). (Details - - ‘!rm ’ Irms -CI ’ ‘,/‘S

avai lable at each United States refinery are publi shed annually by BuMines.) l h m s table was ;muLiis hr ’-i

in 1976 by the Special Subcomittee on Integrated Oil Operatiors of the Coninittee on Interior ,,ori

Insular Affairs of the U.S. Senate . BuMines continues to Ilect certain of these data at th,’ r,--

quest of the FEA , but does not publish it. These data w ill be made ava i lab le  to the Navy Enerqy ~‘-t

Offi ce if a suitable request is made to Mr. Jarim s Peterson of the FEA (202) 254-5147. The data in

Appendix C are di rectly relevant to the needs of Section 5.

Appendix 0 lists marine fuels sold around the world by Shell , Chevron , Exxon , Gulf , and i e~_i mr . .

(These are not the only possible suppliers.) The fuel labeled Marine Gas Oil (MOO) is closest to mC ~ ’

Storage fac ilities exist at many of these ports , but the ir size and precise location are not known

to us.

Figure 2-8 shows temporal change s in United States refinery capacity and percent utilization.

These data roughly indicate the potential increase in refinery output i~~ cru de were available. Re-

finery capacity appears to be Increasing at . sout the same rate as demand, i.e., at about  4 to S

percent per year, These da ta suggest that fuel availabi l ity is limi ted mere by crude supply tl m ,j ’ r by

refinery capa ity. Since these data are country-wide averages , they do not preclude local ized

d if ferences between produc ti on ca pac ity and demand , nor do they address inter-regi on distribution

difficulties. 
-
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The avo,dr ~e mixed barrel pr o ,~* is compared to the average crude - omsi and Ste re fi nr ’ ,- y di s tr st - ’jt-,rr

gro ss margin in Table 2-6. At the beg inning of this tin’r,’ period , gross em argins were t y r i c a l of industries

w ’n1 ~ ts pi ’ocesse’~ or “rolified lac e volumes of natural products. Alth ou nb pu rr Pn’ ma rg ins  r d V e  S~rrU fl k con-

sider ab l , ~nr -jn’ ” price cori n rol , ic t ual margins in ~/ROL have increa ’ n’j  i’r’le: erm mie ,nt ly  c f OPEC prices . Ttes~
iin .- e,ss~’s reflect general In f l at i r ,rn and , to s ome 1c~~r € ’e , the economic hea lt rm - f  the petroleum companie s.

21,’ - er’t marg ins  nay return slowl~ towards their °r -ner levels after decontrc , i , subject to the conf lic tmng

press- jr€ ’s of stockholders , toe ,1PEC ‘r itio n s , the m u b li c and toe Jni t ’d States government.

No understanding of the fue l production and supply economy is complete without consider ins

the p crtan r ,u jf transportation on delivered cost of the fuel . Table 2-7 provides comparison figures

for costs s f Saudi Ar abian crude and costs of transportation and refining during January , 1976.

According to this table . tran sport atm on , at $l.9 4/BBL , is nearly double the cost of refining, and

cc- r i mmt ’ f-it about 13 percent of tn , total price of refining rn - slur Es from a forei gn crude .

In sunilla ry , Aerothersn has found that the BuMines and the FEA have amassed information abr ut

the capacit ies , confi gura ti on , and throughput s I’m the United States petroleum indus try . We believe

that thesm ’ data woul d be useful to the Navy in formulatin g program plans on fuel availabilit y, and

should be obtained, We recomend tha t liaison be initiated with the Division of Petroleum and

Natural Gas is-rd the Division of Fuel s Data of BuMines. Further , since questions of fuel d is t rib u-

tmrm n capab ilit y are also iri~ortant , such data directly related to Navy needs should be compiled.

?, .R COMP~R15O N BETWEEN CURRENT STUDY AND “PATTERNS 01 ENERGY USAGE IN THE U.S NAVY”

The data sathored during this study from DISC for lift snn ’.s were compared to those reported in

“Pat terns  o f  ‘ m m ” r m ”  Ucane I’m tbs’ U.S.  Navy. ’ T h iS  “s’- r n ’r was ,- epuro ’I by the Ermerqy ~~~~~ ~~~~~ n c r

OWT NSRDC to show how energy usage had changed in the , rious fuel consuming sectors of the Navy be-

tween the pre- and post-embargo pe r iods.  Fuel r, ’,ap -  data were co l h r  f r i  from fleet , air , and shore

5. - i i t  ‘“s records and aggregated to show consumption by each major som - tor Is ’ .a. , 1i rt  hag t s r  r

5 5 - ~p I o r t  shi p ’,, shore fad ii ties , etc.) and fuel . Thi’ report has been issued annual l v I -m- cever l

t’ m c’ o’s’~ used for comparison w i th  the prese s mt study being da m ’d Nov s’ml c’r 1915. lIm e essen ’ lxi

di f ference ‘m , f w ” o , i  the “Pat te rns ” report and t he present study is t h l  the former USS r) consu mers ’ l i i

usa ” re m r i c  w ’ m ’ ’ , ”  . 5  t m m i  s study used 0151 lif t inqs data.

A mnixed barre l r r m r r t a i n s  c m,’ “ .imm )nifrl S t a f m - , s ’s - f m mmo rv yiel 1 ,‘ ,“ ‘mr S o f  each mmmi m r  produc t for a
C i  yen v~’ - I” , 

- . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -, .~- .-‘...--- ‘ — --- ‘ ‘
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TABLE 2—7. IMPORTED REFINED PRODUCT PRICE FOR SAUDI
ARABIAN CRUDE OIL , REFINED IN CARIBBEAN
AND TRANSPORTED TO THE UNITED STATES FOR
CONSUMPTI ON

(January 1976)

Crude price at Saudi Arabia $ 11.51
Trans. to Car ibbean 

- 
1.42

Landed Cari bbean crude cost $12.93

Refining costs 1.00

Middle distillate cost at
the rofinery $13.93

aTrans. to U.S. .52

Landed price Sl4.45
Price per gallon .3440

License fee .0150

Total per- ga l l o n  pri ce of
middle distillate .3590

aFor the purpose of this example , transportation
costs from the Caribbean to the U.S. were taken as
those to the Northeastern seaboard (North of Cape
Hatteras , N.C.).

Sources: Crude price — - market price for 34°
gravity Arabian light

Trans po rta ti on cos ts — WS 100 —

Pla tts Oil g ram , January 14 , 1976 ;
AFRA In dices ‘— Petroleulll
Economist, January 1976

License fee — - FEA oil import
admi ni stration

Refining costs —‘ FEA study

2-29
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The c o m p i la t i u m r s  presented in the two reports were compared by fuel type (DIM vs.  DIM , NDF

s’,. 1101, etc.). Although they are not strictl y comparable , since no allowance could be made for

materials in trans it or any po ssible changes in stockpile quantities during this time period , they

Show adequate ,spree’ e’,t over the 3-year period Fl’ 1973, FY 1974 , and Fl’ 1975. For examp le , the

IV 1915 data for 31-4 and JP-5 agree to within 0.3 percent and those data for DIM and NDF and NSFO

aqree to w i th in  10 percent.  Hence these t ransients in the supply system do not appear to af fect

comparison between DISC l i f t ings  and f leet usage data.

The separate data for DFM and NDF , however , Show major difference , but these diminish markedly

when these two fuels are grouped together. There is some justi fication for this;  in Subsection 2 . 7 . 2 . ? ,

we no ted that a substan ti al qua nti ty of NDF was relabeled as DIM during January , 1975.

We believe that if allowance could be made for materials in transit and poss ible changes in

stockp ile quantit ies , agre ement between the two data sources would be excellent for all of these data .
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SECTION 3

COMPARISONS BETWEEN NAVY AND CORRESPONDING

CIVILIAN MARINE AND AVIATION COMBUSTION EQ UIPMENT

3.1 INTRODUCTION

As discussed in Section 2 , shortfa lls may occur in the avai lab i l i ty  of MILSPEC fuels used in

nava l fleet operations . However , the Navy uses only a small percentage of the fuels produced do-

mest ical ly (only about 2 percent of the domestic production of middle dist i l lates for combustion in

marine equ i pment , and on ly about 7 percent of the domestic production of keros ine-type jet fuels

for combust ion in aircraf t ) .  Far greater percentages of domestic producti on are used as fuels in

c iv i l ian counterparts of Navy marine and aviat ion combustion equi pment. In a fuel shortage , these

civilia n fuels could theoretically be diverted for Navy use. Although shortages have occurred ,

civi li a n  fue ls, to date , ha ve not been used. This section wi l l  examine the reasons why the Navy

does not burn c iv i l ian fuels.

This sect ion , then , wi l l  identify the differences in design , operat ing conditions , storage

and hand ling requirements , and app l ication between Navy and corresponding c i v i l i an  combustion equi p-

nient , and will describe how these differences affect fuel requirements for Na vy systems . An over-

v iew of equipment types and applications is presented In Section 3.2. Section 3.3 discusses the

general d i fferences between Navy and civilian equipment , while Section 3.4 deta ils specific differ-

ences and the impacts of these differences on fuel requirements. Section 3.5 sumarizes the discus-

sion of this section .

3.2 EQUI PMENT AND APPLICATIONS

Combustion equipment is used on Navy ships to provide both propulsive power and ship serv ice j

(hot water , space heating , and e lect r ic i ty ) .  For many years , marine propulsion has been supplied

by steam turb ines and large-bore diesel eng ines . These two types o ’ combustion equipment w i l l  Con-

tinue to supp ly f leet marine propulsion through the foreseeable future , although more recent ly ,

a ss’ cro ft-der iv ative marine gas turbines have entered fleet service to provide marine propulsion .

The use of marine gas turbines w i l l  continue to grow , re lat ive to steam turbines and diesel enrhnes ,

3 —1
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For a ircraft propulsion , the emphasis on jet aircraft for f leet av iat ion missions has establ ished

gas turbines as the major Source of propu lsion.

For auxiliary power and hotel services, small — to medium-si zed diesel engines have been the

trad itional source , but the smal ler  a i rc ra f t -der iva t ive  marine gas turbines are now beginning to

be used.

3.3 GENERA L DIFFERENCES BETWEEN NAVY AND CIVILIAN EQUIPMENT

In genera l, Na vy equi pment and operating requirements place more stringent constraints on

fue ls than do the corresponding c iv i l i an  equipment -and operations. Navy equipment is more compact

and operates at higher combusti on intensities than c iv i l ian equi pment. It also must Supply greater

peak power and is subject to larger and more frequent fl uctuations in power level .

Moreover , Navy equ ipment must operate more quietly, produce less visible exhaust , and be

ab le to perform under hostile conditions without subjecting personnel to undue hazard . it must

a lso be able to handle contaminated fuel , s ince naval fl eet handling practices can result in the

contami nation of fuel s by water.

In add ition , Navy fue l must have a longer storage stabi l i ty than c iv i l ian fuels , because

Na vy fuels must be capable of being stored for multi-year periods without deteriorating .

3. 4 EQU IPMENT , DIFFERENCES , AND ASSOCIATED IMPACTS ON FUEL REQUIREMENTS

To better appreciate the potential for impacting naval operations when using c iv i l ian fuels ,

it is useful to know what combustion system s the Navy uses , how many they have of each k ind , and how

the se naval systems differ from their civi l ian counterparts. The avai lable information on types and

quantit ies of combustion systems used by the fleet Is presented in Tables 3-I through 3_4~* In most

cases comparab le data were not readil y avai lable on c iv i l ian usage, and an extensive compilat ion of

such information was not possible within the scope of this program. It is known , however , that vi r-

tu al ly all of the boiler and diesel models used by the Navy are also used by the civilian sector , al-

thou -tb a few of the components may vary ~e.g . ,  tube spac ing , fuel nozzle s i ze .  etc. - - see Tab le 3-5

below , and its associated discussion ). The marine gas turbines are either derived from airc raft en-

gines or have a c iv ilian counterpart.

The steam boi lers used by the Navy in the f leet are identi f ied in Table 3 - 1 ( A ) .  Thi s table

a lso sh ows t t c - i r  distr ibution by type , while Table 3—1 (B)  indicates the distribution by major opera-

t ing parameters pressure and temperature . Those c lass i f ied as superheat control or as one of the

Each ot these t - sbl ” S ‘ia ,  a sl i ghtly different forma t , ref lecting the data avai lable to us.
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TABLE 3 - 1 (B ) .  DISTRIBUTION OF BOILER UNIT S BY OPERAT i NG CONUITION Sa

Pressure Range (ps ia )  Temperature Range (- °F)

<400 577 2

400 - 500 719 - 765 130

500 - 600 850 460

600 - 700 “ 675 - 875 229

>1000 940 - 950 462

TOTAL 1283

a j ofor plat ion provided by DTNSRDC .
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TABLE 3-2. MARINE DIESELS IN FLEET USE BY THE NAV Y a

Manufacturer b Approximate

Al l is-Chambers (4) 8

Alco (4) 122

Cooper-Bessemer (4) 12

Cummins Engine Company (4) 14

Davy Paxman (4) 12

Detroit Diesel (2) 2

Fa i rbanks Morse (2) 43

Genera l Motors (2) 85

Nordberg 2

Packard 34

Waukesha (4) 52

Total 386

àlnforn lation provided by DTNSRDC .
bFiqure in parentheses shows the number of
strokes per cycle of the engines supplied
by that manufacturer.
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TABLE 3-4. AIRCRAFT GAS TURB INES IN
FLEET U SE BY THE N A V Y a

Manufacturer Unit

A l1 i~ on 333

156

T F4 1
Garrett T76

General Electric 379
385

T 58

T 64

TF34

Lycow ing 153
Pratt & Whitney Aircraft 348

352
J57
360

JT3D

JT8D

TF3O

[401

F 402

West inghouse 334

150

Wright 365

a ln for,nation provid ed by DTNSRDC .
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var ious 2 drum units account for more than 65 percent of the total . Bab cox and W i lco x  and Foster

Wheeler su pplY most iI f the f leet ’ s boilers. The majority (54 percent) of these operate at , or

above , 600 ps ia and f- 7 5 F .

Marine diese ls are used for both propulsion and ship serv ices , and are either 2- or 4-s t roke

and medium or high speed .

The high speed units are generally used only for ship services and the low speed for propu l-

sion. Data were not ava ilable to show which ones are turbocharged, but all of these types of en-

gines can be equipoed with turbochargers . The distribution by manu facturer of marine diesels in

the Navy is presented in Table 3-2.

At present , there are 37 marine gas turbine units used by the Navy for ship propulsion (Table

3-3). Of these , 51 percent are supplied by General Electric. In the case of auxiliary power , 18 ci

the 20 units are Supplied by Garrett.

Table 3-4 shows the manufacturers of a i rcraf t  gas turbines and their respect ive models.  No

data were ava ilable to indicate the number of units per model or per Iranufacturer.

Tables 3-1 through 3-4 indicate that there are a large number of typ es as we ll as a larqe

number of suppliers of combustion units used by the Navy Fleet. Howeve r, in each table , only a few

types comprise most of the units. These same generic types are used in civilian ships and ai rcraft

as wel l as in the Navy. More important ly, dif ferences between naval and :ommercial units can be dde-

quatel y characterized on the basis of basic types, rather than on specific models.

Table 3-5 su iuar izes those d ifferences which may prevent the Navy from using c i v i l i i n  fuels

under normal conditions. Probabl y the most important of these differences concerns sa fe ty ,  s i n c e

Ni vy equipment nay come under hostile fire. As a resul t, fuel tanks and supply lines may rupture ,

allowing fuel to leak into ships ’ compartments and possibl y i gnite . The fuel /a i r n iiv tu ” s ’ s environ-

ment would Ir (,l--j bl- , also be hot , from fire or exploding ordinance , creat ing even more ca fh t s IrOt1C4 )I ’- .

To reduce the - ri sk of ign i ti n g l eaked fuel , or at least to ret .)rI l  igni tion . t 1 - - M JL tP UC f~

fuels carried on slips i.e., DII and JP-5) requires a pi qher flash p o i n t  tbac do specif i s t  1 I I s I ~~ f r

ci vi lian ~r nti - ’, i - ’.’~ rnlr ta’ - -, ‘ij” ls (e.g., No. 2 diesel or JP-4). F I S ,  JP.5, the “t it~f , il ~ o

l f l C l I II,’ , an ex p losr v e-n e0S cr i t e r ion.

I\neth~-’, iniCortdnt - difference wh ich may prevent the Navy tr ol l u slnq civilian fuels ! ( “ s I j T t S

from the Navy ’ s i~’ & i s i o n  t~ - u’,-~ 1PM fuel in i l  5 , I - urine eonIt u c t i ’ C  (‘I4u11m54 ’i’t - Al l t i  s’. tr’s ~--

board shius now PisI W~~’~ that are des ll r I, ’Il t i  .,n dle ce- sl y l i g h t t I  (hlI ldie d i ’ - t s l  It I  . riot

- i  - is ’ I ‘.- ‘sp ’s h ,s S - Ifl handle 4 1e,v  er fuels are re t . 1 , Si nu’ t hey are flOt I lit’ ! I - l I  ‘ -I

- - - -  - -
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adequately by li ght or lid ils’ di stillate fuel , such as OFM. in addition , pumps for heavier fuels

re- p uir e greater cli’ -lS - a rI: es than those used for DFM or corresponding civilian distillates -, therefore ,

cu r se - It pumps vOuisC iiave ti be replaced to use the heavier fuels.

w i re- C - l y e , ~5 M  f u e l, - i iili k e heavier fuels, does not require preheating, and hence , preheaters

n,,ve been deactivated or removed from ships that once used them when burn ing NSFO fuel. Therefore ,

no , r ip s  in the 5’_ iv~ fleet, C-vIe those once capable of burning NSFO fuel , are currently able to burn

~-e4v4e r fuels , onless preheaters are used and appropriate pump changes are made.

StedIll Bn il er- .

The d i f~ ersrice s between Navy and c iv i l ian steam boilers l is ted on Table 3-5 cover equipment

des1~ n . l-ia te r i 4 s , and operatin g conditions. Tue impact of these differences on requirements for

Sue f u l  ri- d l  SL1iOst ’d below.

Tile s’Jrai - e (S) between tubes in the superheater is less in the Navy boilers , Less clear-

ance renders tble Nav y boilers more susceptible to fouling and cloggin g from fuel contariinents , and

appears to be one of the major reasons that the MILSPEC requires the carbon residue and ash levels
*in the fuel to be about one-ha lf the amount al lowed by c iv i l i an  spec i f ica t ions.  In addit ion , the

absence of soot blowers on some N_ ivy ships requires fuels to have low carbon residue and ash levels.

In contrast to civilian prac~ ic’_i , the Navy opera tes i ts bo i lers at feedwa ter temperatures

below the dewpo int of sulfuric acid. Thus , the economizers are subject to corrosive- attack if the

sulfu r level and/or the ac i dity of the fuel are too hi gh. Allowable sulfur levels in the civilian

distillate which corresponds to OEM are l ower than sulfur levels for DIM , but the sulfur content of

the heavier fuels can frequentl y be higher. Al so , unlike the MILSPECS , civilian specificat ions place

110 1 - x ” l icit requirement on acidit y of the fuel ,

I’i addition , Navy bo i lers -~- n t a~n from 50 to 400 percent more refractory and are operated at

greater I)lnbJs tio n intensities than corresponding ci vilian boi lers . This combination can lead to

-- 10( 1 ‘‘.e - r -r~ i1 I 
~~- ii - Iuced s a ll at ion and ~e -- t (ir-r Is ion -f refractory material - Therefore, sulfur levels

51 i- I ’ t / cluO t ‘ (a i r ,  be kal t _i~ I~~ as possible.

Is  I I C ’  13 l i l t -  -

j iese l t’!glT , In the - ~av y -  are virtually the same as thee -- i n  civ i l Par fleets , differing only

C C l  ‘ S I  I ’  S I :s’ I f  ‘ 3 t S  ‘ 5 -  l~ i’ . I ! ,’5lP!1 5 ‘hi ‘so:ji e S iz p  II ’ injector s in 5111:11- tl, v5 die ,el

ii led - - S n 5 , 5’ t w - - - ii n i I it, , r~ ii: I c i vilian I ~j -  1 ‘,pec i t  I i t  1 Ins w i ll be pr- y-sIe P0 - i Ii
s’ 1 t  Ion -~~ .
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engines is 30 percent smaller than that in correspo nding c i v i l i an  equi pment. Therefore , Navy d iese ls

are more pron e to c logging and c u~~iniy at the ir lJel  te r  tops it carbon residue and ash levels are tec:

high.

r oW ,.,. rC’Iuirements also d i f fer , because Na vy ships must be able to change their power s e T t i n g

frequently ord rapidly. Moreover, power fluctuations span a greater range (from cruise at about

30 percent :~f the engine ’ s Continuous rated output to peak steamin g conditions at appr ’~:xima tel y

110 percent rated load ) than those on civilian ships . Hence the fuel must have good ignition ch ar- c-

3 t e r i s t i cs .  In particular , if the fuel cetane number is too low . ignition may be delayed too long to

permi t complete combustion of the fuel. This can degrade engine output and also cause excessiv l

stack smoke . Because the civilian specification for cetane number is lower than the ‘- t J L T i ’ E T t , the

direct substitut ion of civilian fuels (e.g. , No. 2 diesel oils) may not be feasible. However , the

military allows ignition improvers , and therefore this problem may be eliminated .

Gas Tu rb i nes

Navy marine gas turbines in fleet use differ from the corresponding civilian equ lç ’i- -i-n t only

with respect to operatin g conditions: Navy engines operate at hi gher power levels and greater

combustion intensities . The higher levels promote corrosion of materials along the hot gas path ,

a problem which can be min imized by using fuels w i th low sulfur and acidi ty leve ls .

Av iation gas turbines in the Navy fleet also must be able to sustain operation at hi gher

power leve ls than their civilian counterparts and , hence , also requ i re fuels w i th low sul fur an d

ac idity levels. In general , comparable civilian fuels meet the military ’ s requirement for sulfur

and a c i di ty

Additional differences may arise, howeve r , because Navy aircraft may operate at hi gher alti-

tudes , and (unlike civilian aircr aft) may have more than one fuel nozzle per burner. To fu lla t iosl

prooerly at high altitudes , fuel must be able to flow freely ,it l ower ambient teniperature s, i.e.,

the freezing point must be lower in fuels for t~,1~~y jets . Also , since Na v y aviation qas turbin e--

may have more than one fuel nozzle per burner , the orifices in the Navy nozzles will he smaller .

Smaller or ifices are more susceptib le to cokin g and plugging , and therefore , need a t~ el which ii,

low in particulate matter and existent gum. Typ ical  cun,niercially ava i lable a l t e rna t iv e - s  f i r JP-5

(i.e., Jet A) sa t i s f y  the Navy s qum requirements , and probably a lso s a t i s f y  thi ’ ~l ji ticu l at e ’ lim it ’ - ,

although these c i v i l i a n  fuels are usually not tested spec i f i ca l l y  for par t icu late matter.

3-1 1 
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Fuel Hand li~~

The differences in fuel handling pract ices between Navy and c i v i l i an  operators of coffi bust ion

equipment also affect the differences between MILSPEC and civilian fuel requirements. The Navy fuels

may be stored for multi-year periods , while civilian fuels are usuall y burned wi th in  months of nianu-

facture . OEM (lust, therefore , have long-term storage stability (as checked by an accelerated s tab i l i t y

test), which is not needed in civilian operations. OEM may also require antioxidants , and these must

be selec ted caref u lly to insure that they do not cause equ ipment ma l function (e.g., di sarm in g coa lesce rs ,

as d iscussed below ).

Moreove r , since the Navy ballasts their ships by plac ing sea water in the fuel tanks , some

wate r and other forei gn matter contamination will occur in the fuel stored in those tanks. Therefore ,

fuel such as JP-S , destined for aircraf t  which fl y in env ironments where the temperature is below

thtn freezing point of water , must be easi ly separable from the water (as measured by the water re-

ac tion requirements). This fuel must also contain only low levels of sulfur and acidity to reduce

water soluble corrosive agents. And , since water is removed from the fuel by coalescers which are

disarmed by polar materials , ad ditives for MILSPEC fuels must be nonpolar.

3.5 SUMMARY

This section has identified the various models of steam boilers , diesel engines , marine - gas -]

turbines , and aircraft gas turbines that the fleet uses for propulsion or shi p service. Civilian

counterparts were also identified for some of the gas turbines , but this was not done for steam

boilers and diesel eng ines because both Navy evid civilian models carry the same designation .

Differences between Navy and civilian combustion equipment and operating conditions lead

to different requirements for respective fuels. Fuel safety requirements differ because the Navy

may operate under hostile conditions . Different fuel storage requirements and bunkering practices

between Navy and civilian fl eets lead to different requirements for fuel stability and additives .

[quipeenit differences between Navy and civilian combustion systems which affect fuel require-

- - .t i lt s  1._i n be adequately characterized by bas ic equipment types, For steam boilers , these differences

lei d to v r ”  st r i nC l ’ n r.t requirements on allowable contamination levels. For diesel engines the dif-

t ,r f SII (-’, lead t i ‘tri ter limits on cetane nuniber . and for aircraft gas turbines more stringent

1 i,,i ts ‘III ~r s - e -~ ,- point - , e required.

r I o f I llowiri l section looks in detail at differences among the fuels themse lves. The specifi c

di~~t .’ ru-n I “ . between MILSPEC -j i l l  civilian fuels arc -liscussed to dete rmine the possibilit ies of using

c ivu I I  ( ‘ h j ’ l s  in Nt ivf , irh u st ion equipment.

-- 
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SE C TION 4

COMPARISONS BETWEEN MILSPEC AND COR~ESPONDIN G CIVILIAN FUELS

4.1 LNTRODU~T ION

In the previous section , Navy combustion equi pment and operational requirements were ce -r~~aI-po

to those for s imi lar  c i v i l i an  systems to exp la in  why differences exist between military and civilian

fuel spec i f i ca t ions .  In this sect ion , the disparity between c i v i l i an  fuels and fuels which confo rm

to the MILSPEC S w i l l  be examined. Section 4.1 explains fuels speci f icat ions and defines the bas is

and methodology for comparing specif ications for different fuels. Section 4.2  discusses qua l i ta t ive l y

the potential impacts on military combustion equipment when MILSPECS are not met. In Section 4 .3 , t h e

OEM MIL SPEC is compared wi th specif icat ions for c i v i l i an  fue ls , while in Sect ion 4.4 a comparison is

made for JP-5. Section 4. 5 briefly discusses manufacturers ’ experi ences wi th  c iv i l i an  fuels of vary-

ing propert ies , as well as reports on these fuels in the literature. Finally, Section 4.6 sumeiar izes

the whole discussion.

4.2 FUEL SPECIFICATION COMPARISONS

A fuel specification lists the acceptable va l ue (s) for fuel properties or contaminant levels ,

and may list the types and amounts of approved additives.

To compare fuels on the basis of their properties, it is useful to group the specification

elements into the fo l lowing three categor ies

• Safety — elements which specify the hazard potential of  the fuel

• Performance elements which spec ify the fuel abi l i ty  to del iver  required output and

the fuel ’ s compatibility with hand linq e q u i pment

• Maintenance - elements which specify the contamin at ion levels  of the’ fuel,  and hence i t s

potent ia l  to degrade the performance of the fuel suppl y or combust ion equipment

Table 4-1 categorizes the specification elements for OEM and JP-5. The perfo rmance ca tego ry

includes the fo l lowing subgroups:

• Basic properties — those which define il l , - d i s t i lla t io n  f - al . t IIIn of the pe tro leunl tr im

which the fuel is derived arid those with associated ph y s ici l i r I lp’ - r t ie s

- ~~~ - L
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TABLE 4-1. CATEGORIES OF SPECIFICATION [LEMENTS

- 

Category Eleme nt A
~~
l
L
i
Sc;EbG

le

Safe ty Flash point DEM , JP— 5
Ixp los- ! veness 1JP—5

Performance

Basic Propert ies Appe a rance DIM
Color DFM
Dist i l ldt ion

10 percent f ract ion JP-5
90 pe rcent fraction DIM
End point DIM, JP-5
Loss an d Resi due DFM , JP- 5
Viscosity DFM , JP-5
Gravity JP- 5

Combustion Properties Net heat of combustion JP.-5
Ce tane n u mber DIM
Smoke point JP-5
Ar oma tics JP-5
Olef ins JP-5

Other Properties Freezing point JP-5
Pour po i n t DIM
Cloud point DIM
Demulsification DIM
Therma l stability JP-5

Main tenance

Corrosion Contaminants Sulfur DFM , JP- 5
Mercaptans JP-5
Acid number DIM, JP- 5
Copper strip corrosion DIM , JP- 5
Neutrality DIM

Erosion Contaminan ts Carbon residue DFM
and plugg ing or Ash DIM
foul i ng Particulate niatter JP-5

Existent gum Jr-5
Acceler a ted st ab i lit y DIM

Other Cont amination WSIM JP-5
Filtration time Jp-5
Add i t ives  DIM , JP -5

4-2 
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• Combustion propert ii” those which define the heat ce- tent and combust ion characte ri stics

of ‘he fuel

• Other properties tile - se - which define the ability of the fuel to flow in t h e  li qu i d

phase

The maintenan ce category subgroups are:

• Corrosion contaminants - those which induce corrosion , either along the hot gas path or

within the fuel supply system

•‘ Erosion or fouling contaminants - - those wh i ch can p l ug small openings , foul heat exchanger

surfaces , or erode materials that are exposed to the fuel or its products of combustion

• Other contaminants - those contaminants and additives that can block the fuel flow within

the supply system or otherwise compromise operation

Thu s , Table 4— 1 illustrates a framework which can be used to compare fuels by their specifica-

tions , showing the differences between the MILSPECS and the requirements made of corresponding civil-

ian fuels , identifying each difference as it affects safety , performance , or maintenance of combus-

tio n equipment.

With in this framework , the methodolog y used to compa re fuels cons i ders that c i v i li an fuels

may meet a number of specifications , not onl y ASTM specifications , but even more str i ct company

spec ificat ions. Moreover , analyses of actual fuel samples generally show that the fuels even sur-

pass company specifications.

Therefore , the di fferences between MILS PEC and corresponding civilian fuels will be shown

through comparisons. F i rs t  the MILSPECS wi ll be compared to the AST M spec i f ica t ions,  then to several

company sp eci f icat ions , and final ly to actual analyses of c iv i l ian fuel samples. These comparisons

will show:

• How currently acceptable Navy fuels differ from the guaranteed characteristics of compar-

able civilian fuels (at least most domestic , and many fore i gn fuels , which are sold con-

forming to ASTM specifications)

• How the same Navy fuels may differ from the minimum quality fuel that several petr oleii~-

companies wi l l  guarantee to suppl y

• How Navy fuels differ from typ ical fuels delivered to civilian us’ rs

The first two comparisons are based on guarantees and show the hiqqest p o ss i bl e - differences between

Navy and c i v i l i a n  fuels , w h i l e -  the las t  comparison shows current d i f f e rences .

_ _



It became evident during the early stages of the study that the distillate fuels, such as the

Nos. and 2 heating oils and diesel fuels , sa tisfied many of the MILSPEC elements for DFM. Therefore ,

these fuels could be used in lie u of DFM , a t leas t for a s hor t t ime , without having to rep lace or modif y

equipment. Similarly, rnu~ h of the Jet A/Al sold conmiercially differs from JP-5 in only a few speciti-

cation elements (and possib ly also in some properties not measured on civilian fuels). Hence , these

fad s , all m iddle disti llate , were considered to be favored alternate s and were emphasized in both the

av ailability/cost anal yses of Section 2 and the fuel comparisons in this section . -
~~

;.3 Qv ~[L ~ P’r.’E iMPACT OF NONCOMPL 1~ NCE W i TH SPECIFICATION ELEMENTS

Before looking at element-by-element differences between the MILSPECS and the corresponding

ci~ i lian fuels , it is desirable to identify how each element affects combustion equi pment. Table 4-2

presents this information by noting the qualitative impact on combustion equipment of individual

noncompliance with each MILSPEC element (see Sections 4.3 and 4.4 below). These potent ial impact(s)

are noted separately for the three basic types of naval combustion equipment.

For sore specificat ion elements the potential impact(s) vary with equipment type . For example ,

-:etane num ber h-aS an Il - p a c t  on1 y on diesel eng ines , while explosiveness impacts only aircraft g~s

tli rh lneS .  T’iese variations shoul d be considered when determining the  conditions under which d ci-

vilian fuel could be substituted for a MIESPEC fuel in a given type of combustion equipment.

4.4 OEM MILSPEC COMPARISONS WIT H CORRESPONDING CIVILIAN FUELS

The DFM MILSPEC fue l (MIL-F—l688 4G) has been designated by the Navy for use ir, all nonaviati on

Cofr~~a s t ill ’ l equipment in the fleet , i .e., s team bo i le rs , diesel engines , and marine gas turbines.

dim s M ILSPEC defines a very clean middle distillate petroleum fraction , to which ignitio n improvers ,

ii t i L ’ ~~imj in ’ s , and/or ‘le -t al deactivators may be added.

Ci v i li a n  f ’ i’ls similar to the DFM fuel are classified as heating oils , diesel fuel oils , and

ia’, ‘mir e- n f i ’’ oils. Tab le .S-3 presents a breakdown of these classifications by in l ivid ua l fuel

grade and in Il i l S f ,ihl characteristics and norma l app l ications . On the basis of distillate fractions .

re- I - ’ I and 2 in i i -  b c i j il ian fuel classification are li ghter (lower viscosi ty ) o i ls iv rorr e c l -m -

c lm ms ’ l y -w ’ b  ~~‘- f I ( ’ l , wh i l ’. t i - i -  ‘ t b i - r  grades are heavier frictions or residuals. The viscosity of

the oils is arm - nt reniel y ‘l’liIl, m t ‘_ im tm j r we- -n consider ing alternates for DIM , because the use of

Grades I and 2 oils W’ (t - l  n , t r e - si r e ’ m odit t i - n ’  to combustion equipment (i .e. the addition of

4- -I
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TABLE d _ 3 ,  CIVILIAN FUEL GRADES : CHARACTERISTICS AND APPL ICATIO NS d

Classi f ication Grade Descript ion and Use

iieatin mn O i ls ~l Light d i sti l late; app l ic at ’le ’ to vaporizin g type bur nert -

w ’ Heavier distillate; app l icab li - to atom i zing type burnie n ’s,
dom estIc burners and medium capacity com ercia l /industr ia l
burners.

Heavy distillate or li ght residual; applicable to atoir l :‘i re-s
burners desi gned to handle mere viscous fuels than burners
for w2 fuel oil; viscosity range such that no preheatin g
unless subjected to extremel y cold weather.

Residual of interm ediate viscosity; applicable to burners
able to atomize without prehe atin ct ; however , prehe ating
permitted in colder climates.

#5H Residual of higher viscosity than #5L; similar app li cab il i t - ,-
a nd handl i ng.

af- H i gtm viscosity residual (bunker C); applicable in conivm ercia~
and industrial heating; require preheating for pumping
and additional preheating for atomizing.

Diesel Fuel Oils a l_ D KerOsifle to middle distillates -, applicable in engines sut-
jected to frequent , wide variations in loads and speeds;
also used in regions of very low temperatures , desi gnated
a s O F-A.

‘2-D Midd le to lower dist il lates; app licable in engines oper atioq
at hi gh loads and uniform speeds ,

‘4-0 Lower d i stil l ates and residuals; applicable in engines of
low to medi uim i speeds subjected to sustained loads at
consistant Speed.

Gas rtmi re Fuel Oils GT— l Lig ht distillate; sui table for nearly all gas turbines ;
l ike #1 and el_ D .

GT-2 Heav ier distillate , less clean burnin g ; prehe atin’i may be
required depending upon fuel system and/or ani~~ient ten t ’ ,
like #2 and ~2-D.

GT-3 Heavier than GT-2 , may be a blend of d is t i l l a t e ’ residual or
res idual that meets Ash spec requirement; ap r ’li c a ti ,r :
turbine inlet temperature below 649°C; van adiun , Isa ” ,
requirements can be wa i ved , p r e - vided that a silicon-based
additive (or equivalent) is used to inhibit ash forina ’.ion;
prehe atinq is necessary.

GT-4 Siii~i lar to GT-3; no ash restr iction , vanadium spec rela ne st
t b  include nearl y all residual fuel oils , bu m a ds l l t iv€ ’
required to inhibi t Va corrosi on ,

a ThP ac tua l  spec i f i ca t ions for these fuels are compared to the spec i f i c a t i on  for DIM on
Tables 4-4 and 4-5.

4.1
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preheaters to current equipment or the replacement of solne pumps), whereas f r i  heavier grades could.

Hence. Grades 1 and 2 oils wi l l  oe referred to as preferred al ternates.

A SIM specifications for the preferred alternate ’s are conipat’ed with t i l l -  M IL iIP LC for ‘t M

Table 4-4. T t iv s  first column on the table l i sts those elements found in the MILSPEC which are r mm ’ ’

satisfied by corresponding requirements for one or itmore of the alternates on the table , The ele-

ments are acm ’ording to the yrou hm s established in Section 4.1 (see Table 4-I). The second COlutlii in

Table 4-4 lists the MILSPEC cr iteria for the elements of the first column . The following colu ’ :’mi s

list time corresponding inform ation for an alternate fuel. In t fme sm - columns , a check (, ) shows that

the alternate fuel nmeets or exceeds a particular MILSPEC requirement , a number designates the va l ue

of an element criter ion istlic h does not satisf y a corresponding MILSPEC req jirenn- n t , and an “p ’ Siiclw ’

that nj alternate fuel information exists for a MILSPEC element. The final column lists those

MILSPEC elements , alonq with their cri teria , which are satisfied by the correspondinq requ i re cL- i ,t

for all alternates on the table. Other symbols in the table are explained in the legend; detailed

information on additives exists in Appendix E. (All remaining comparison tables are sim i lar le- ’

Table 4-4, including those for JP-5 MILSPECS comparisons.)

Table 4-4 shows that preferred alternates to [)FM which just satisf y the ASIM s(w- i f ications a

Show differences from DFM in the following se-ecification elements: (1) flash point , (2) ce tane

number , (3) several elements in the ma i nitenance group, and (4) a number of MILSPE C elm- c ent s fl: c - wh ich

there are no corresponding ASTM requirements. Inability to meet the flash II)i m , t  spec i tica r ion cdO

be a serious problem , but a fuel with a l ower cetane numi m ber than required by the MIL SPEC ~ ‘ o ld ‘n’

used without innpact in a boiler or gas tm irb ine. The n -f’,d,slrements for additives not- b tan considered

carefully to avoid materials which would disar i m ,  cod l e s s e r  e q u i ls c le r t ,

The preferred alternate and DFM are compatible for two ext n’ enmel s- important element ’ , t i m , - g~i pi- r - 
—

cent f ract ion recovery temperature and v iscosity , as we ll as for a c r ’ t t c a l  :~ainten a nce element, t I m -

sulfur contamination level. In fact , sat isfaction of the 90 ;l Crc m ’lc t fraction n- e m cm v en ’y temperature

s trongl y s uggests t ha t the ap pearance , color , end point, and loss mild residue Mil i.Pt .’ ri teria ,mn -e j -r , -t -

ita ly a lso s a t i s f i e d , since these cr i ter ia  are a measure of the qu a l i t y  and - l u u ’ t ~~ty of ih’-  hit - t v ,’ l r i m ’ ’ n’

in the fuel . Moreover , satisf y ing the sulfur conta lsination level criterion is a ,s ,u or ii, t o n , I

sulfur-induced corrosion has been i denti t ed as a primary nma i nte n c ,nr ,, ,‘ m r, m hlem- -

T ,m l ’ le 4~~li ccm n impar m ” , the’ f,’5 7 ’ -t S p e c l f b c , i t i~ m ml - I, t im, ’ (m ’ ” m ’ ’  ai Im-n - m , n t m -s W i ’ ’  l~ o ~~~ 1 1Pl I -

m ie n -c, vi r I ,m,m i ly no i i~’”pa ~i bi lit  i es ‘uist - In m i n t  c l i i , , , ’ , t i l l  - h i ‘ii’ vi SCOS It  i m ’ ’- Sugges t i i i  ~c m Ti l l

t h e ’ , ’ a l tm _ - n rm,, t’ - - wil l involve costly ,r - ,-t m l’d t n’ m S inlIl ‘ ‘ ‘ y , d i f m ,  m l  i m , i I ’ . ‘ II ‘ limlitb IflO is mii; lcb m { ’nl t , mIl ‘ , ‘m u -

The i nforni~ t ion presented n-n - - been condensed ~r~ ,’ t h ’  A l -TM ‘e-n’ m ’ ’ i I , I t lIl fl 5 b r  11 .1 r - il ‘ -si - ’
prod um I’-, - F,,r ful I details , ii ,, reader shcmu l d m r,ml ,11l I t b m ’ m ’  s - m i  : - m - ’ - a ’ i mn’ ,
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potential for high contani lnation levels (see the maintenance elements ), particularl y sulfur . li s l il e s

that increased maintenance would be needed to avoid equipment deterioration .

No further cotml parbs ons between alternate gas turbine fuels and DEM will be presented after

Table 4-5. This decision was based on: (1) the degree of similarity between these alternates and

other fuels , particularly ~be di esel fuel o i l s , (2) the relatively small production of gas turb ine

fuel oils compared to that of heating oils or diesel fuel oils , and (3) the lack of readil y avail-

able company specifications or actual anal yses for these fuels.

Di fferences between selected company speci ficat ions for the imreferred alternates and the 5F”

specificat ion are shown in Table 4-6. Comparing this chart with Table 4-4 shows that some oil

supp liers produce fuel oils and diesel oils according to company product specifications which

come c loser to meeting the MILSPEC for OEM than do o i ls  that are sold in accordance w ith  ASTM

speci f icat ions.  W ith the exception of cetane number and demulsif ication time , vir tual ly  all

MILSPEC performance elements are sat is f ied , (The cetane number disparity is not a problem be-

cause cetane improvers are permitted ,) Within the maintenance group, only the ash contamination

level can be identif ied as a potential problem , bu t fewer of the elements in th i s gro up are unmeas ured

than i n the co r respond in g ASTM spec ifications. Ilote that flash point remains a potential probl ennn .

Results fronmm measuring the properties of actual fuel samp les from the group of preferred al-

ternates are compared with the DFM MILSPEC in Table 4-7 (See Table 4-8(a), follow ing Table 4-8, for an

explanation of the column headings). While there is less compatibility between the actual sample

and the DFM MILSPEC than that between the OEM MILSPEC and the company specifications as illustrated

in Table 4-6, this result is somewhat mis lead ing. There are many inure fuels listed in Table 4-7

thain in Table 4-6; the apparent lack of compatibility is due to the subset of Table 4.7 formed

fr um m ’ the identifiable conm npan ies.

On the other hand , fuels from the anonymous companies are at least as compatible as the corn-

pany specifications of Table 4-6, This is illustrated in Table 4-~ by the diesel fuels of Company “5” ,

where there are no definite proble m s (assuming that cetane improver is permitted) and very few

potentia l problems . Company “ V ’ die sel fuels are also similar to the OEM MILSPEC. Wi th  a few

exceptions where either flash point , ash , or carbon residue do not satisfy the military requirements,

the fuel s shown on Table  4-7 could be used in Navy systems wi th  no adverse impact , if their unmea sured

i’ nm ) pertii’ s al s o sa t i s f y the MILSPEC criteria ,

Table 4-it shows that the measured ‘ri le I e’ of other alternates con form Cl m )Si-1 ~ w ith the i r

rurrr’spondinq AST M si rr.i fl ‘ii l l l n h ’  shown on Tabl e 4-5 , lJnl ike the 1 m qb mt e r frarti ons , the heavier

-I - 1
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TABLE 4-8(a). HEADI NGS LEGEND FOR TABLES 4-7 AND 4-8

Symbol 
______ - - - 

Headings 
- ‘  - —

CH—2 Chevron heating Fuel #2, Cl Segundo Refinery

EX-02 Exxon Di esel 2

CH-D Chevron Diesel Fuel

CH-l Chevron Heating Fuel #1 , El Segundo Refinery

EX-D l  Exxon Diesel 1

CH-D1 Chevro n Diesel Fuel #1

E X_ 4*  Exxon #4 Fuel Oil , 0.3 percent Sulfur

EX-4 ’
~ Exxon #4 Fuel Oil , 1.0 percent Sulfur

E X — 4  Exxon #4 Fuel Oil

+EX—5 Exxon #5 Fuel Oil , 1.0 percent Sulfur

EX-5 Exxon #5 Fuel Oil

CH-LF Chevron Light Fuel Oil , Richmond Refinery

EX_ 6* Exxon #6 Fuel Oil , 0.3 percent Sulfur

EX_ 6 **  Exxon #6 Fuel Oil , 0. 5 percent Sulfur

E X-6 ’
~ Exxon #6 Fuel Oil , 1,0 percent Sulfur

EX-6 Exxon #6 Fuel

C H - I F  Chevro n Industrial Fu~’ Oil , El Segundo Refinery

BNKR Chevron Bunker Fuel Oil , El Segundo Refi nery

XD
A 

#2 Diesel  Fuel  from “A” Refinery of Company “X ” (a fuel producer wishing
to remain anonymous )

XD
~~ 

#~~ Diesel Fuel from “B” Refinery of Company “X”

Diesel Fuel from “A’ Refinery of Company “V ’ (another fuel producer wishing ‘11
tim remain anonymous)

VU 8 Diesel Fuel from ‘8”  Refinery of Company “I”

Y2 ~? Heating Oi l from Con~any “V ’

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

4-- -
~~~~.
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TABLE 4-10. FUEL PROPERTY RANGES FROM BERC/ERDA ANALYSES
OF NO. 2 DIESEL FUEL COMPARED TO DFM

Element DFM #2-0
I-

Flash Po int (°C) 60 (47.78 — 98.89)

Color 5 (0 — L3.5)

10% Fraction (°C)

90% Fract ion ( °C) 357 (245.56 - 332.22)

End Point (°C) 385 (271 , 11 - 37 1.11)

Residue + Los s ( Vo l  ~) 3.0

V iscos i t y  (cS t )  1.8 - 4 .5  @ 38°C (1.2 — 4.30)

Grav it (°API) _ _ _ _  -_ _ -

Net Ht, of Comb , ( Btu/ lb)

Cetane Number 45 (40 - 61)

Smoke Point (niiii)

Aromatics (Vol i) - - - —  — -— -

Olefins (Vol  ~) ----
Freezing Point (“ C )  ----
Pour Point (° C) -6 .7  (- 53 ,89 - -3 .89~
Cloud Point (“ C)  -1. 1 (-51 - 10)

Therma l Stability

~p ( r,aii Hg)

depos it code - - - -  - - -  -

Sulfur ~~ ~) 1.0 
— 

(0.005 - 1.1)  
-

Mercaptd~ s (Wt ~)

Acid # 5 in~~~~~~~~IJ~ 0.3 x

Copper Str~~ Corrosion Index 1 ( la - lb)

Carbon R~s iduC (Wt ‘
~~

) 0.2 (0.009 - 0,25)

Ash (Wt 0.005 (0 - 0 . 0 1 )

Ex istent ~ uc~ (mg/ 100 ml) - ---
Wat er ~a’ ‘I t ion

Interface Rating -- --
~,e~-,irat ion Rating --- -

WI S M ---- -

4- 16 



;mrrm mlis t ’. del ive r€ ’d by fuel suppliers do not d i f fer I uch f i - u m - - !~~ II~ m r l f l h i I I u r n  requirements for tnese fuels

set forth in the ASTM specifications. Therefore , prehea ters , pumps and additional maintenance will

be needed when using heavy fuel oils (see discussion of Table 4-5). The MILSPEC f lash point specifi-

cat i on is sat is f ied by all the heavy fue ls reported here ,

To cc niplein€’nt the analyses shown on Table 4-7 , Table 4-9 presents the results of analyses

performe d by the Ba rt lesville Ener~jy Research Center (BERC ) of the Energy Resea rch and Developv i’im t

Adm inistration (ERDA ) on samp les of preferred alternates taken from many suppliers across the coun-

try. These BERC/ERDA results are averages of analyses of 100 to 200 individual fuel samples; thus ,

i n one sense , Table 4-9 represents a typical situation , However , one must be careful in using this

table , si nce the values shown are averages for each measured property , not the property values of a

typical fuel. Table 4-10 has been included , therefore , to illustrate the extremes present in the

i nalyses of the BERC/EROA fuel samples w ith an examp le (#2—D). With the exception of distillat i on

recovery temperatures and copper strip corrosion index , measurements on all the remaining MILSPEC

elements of these fuel samples were found to include extremes that did not satisf y the MILSPEC cr1—

teria (a lthough no one fuel sample exhibited the full set of extreme propert ies). The BERC/CRDA

ana l yses are characterized as follows :

• A number of DFM MILSPEC criteria were not measured: appearance , de rn uls ification t!~ e ,

loss and residue , ac id number , neutral ity, and the add i t i ves requ ir eme nt s

• About 25 percent of the fuel samples passed a l l  OEM MILSPEC cr i ter ia  mea su i’ed , as shown

in Table 4—10

• Approximately an additional 25 percent of the fuel samp les passed a l l  OEM M I L SPEC c r i ter : , I

measured , but their copper strip corrosion indi ces were not measured

• An additional 12 percent of the fue l samples passed all other OEM MILSPEC criteria mea-

su red , but had cetane numbers in t he range : 40 — cetane number < 45 ;  these samples ,lso

inc l ude some for wh ich the copper strip corrosion index was not measured

Th us , these comparisons of analyses of fuel samples with t h e  DFM MILSPEC lead to the follow-

ing conclusions:

• Company analys e s of preferred a l ternates indicate t hat w i th  some r rx id i f icat ion of th ,’ir

properties , the alternates would pass the DFM MILSPEC requ irements

• BERC/ERDA analys es of samples of 4<2 diesel fuel i n d i a!n ’ that if , etane im m :;’io v ~’r ran -i

used ~nd the unmeasured m l~ M IL SPFC ci ’ teria ,ire r i’’ ;m l v i ’ ,l . more than 60 ; m m-i ’,e n t  ‘f ~hn’

existing supplies of t~i~s product would pass the I tE M M I t  S P E C  r e q u i r em e n t s
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• Other alternates cannot pass the existing DFM MILSPEC, but may be acceptable for the

short term if preheaters are used and pump changes are made (after long-term use,

increased maintenance due to addit iona l corrosion and erosion would be required)

4.5 JP—5 MILSPEC COMPARISONS WITH CORRESPONDING CIVILIA N FUELS

The discussion in this sect ion focuses on the JP-5 MLLSPEC fuel (MIL-T-5624K), the fuel des i g-

nated by the Navy for use in aviation gas turbines in the fleet . This is a kerosine-based petroleum

frac ti on whic h , like OEM , is a middle distillate . The specifications require it to be very clean ,

and to contain an approved fuel system icing inhibitor (FSII). Specifications also allow approved

corrosion inhibitor(s), metal deactivator (s), and antioxidant(s).

The c ivili a n fuels similar to the JP-5 fuel are c lass i f i ed  as av ia t ion turbine fuels. Wi th in

th i s  c lass i f i c a ti on , Jet A and Jet Al (a cold weathe r version of Jet A) are kerosine-based distil-

l a te  fra cti ons , and Jet B is a naptha-based (wide-cut) distillate fraction . Two additional fuels

are JP-4 , a m ilitary version (also MIL—T—5624K) of Jet B , and JP-8, a proposed USAF’ fuel (~ IL-T- -’~~l3 ’i )

resembling JP—5. To sin~ lify discussing these five fuels, they all will be cons idered nereafter as

alternates for JP— 5.

It should be noted that there will be no breakdown of the JP-5 alternates into preferred or

other grades. All of these are “preferred” , i.e., they can be used without preheaters or extensive

equipment mod ifications.

Table 4— 11 compares the JP-5 MILSPEC with the ASTM speci f icat ions or the appropriate MILSPEC

requirements of the alternate fuels. All alternates satisfy the JP-5 MILSPEC criteria for a number

of combustion properties in the performance group, as well as many criteria in the maintenance group ,

Fuels which are guaranteed to meet these specifications can be used only with reservatio,,s , ma i n l y

because the fuels do not include a test for explosiveness (safety group), they miss sli ghtl y on end

point and gravity (performance group), and they fail to meet or measure about one-half of the

maintenance criteria , especially those criteria for additives . - ,

ARCO ‘ , , ‘ II i f 1cation ~ for I t A and Jet Al are compared to the JP-5 MILSPEC in Table 4-12.

The iirip t i h i t i t i ~ t’ s s I w n~ the JP-5 M [LS ILC ,)flIl the tti”~,Q —,,ec jf i cations for ,Iet A/ A l are 4ir tua ll y

I ‘n ,) , ‘ .0 ,1 I’ ’.  ,‘. m ’ s ’  r I h (’ M~ ‘ , I- t  — and the It’ ’. A/Al ASTM requ’. rn”ax-omt ‘, Moreover , t Iii’ comp at i t ’ .  l i t ,

pr obl enic assocla ’ .s’- ; with tm ctfm P,PCO ,r ,i’ (lf i ca t l Ir m s are largely f i r unconsidered elements,
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TAB LE 4-12. SPECIFICATIONS RESTRICTING FLEXIBILITY OF ARCO JET A/Al
AS AN A1.TE RNAT E FOR JP-5

Element JP-5 A Al ELEMENTS WHICH SATISFY ~
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

C’)

THE MILSPEC
Flash Point (°C) 60 38 38

Explosiveness (%) 50 x x (MILSPEC)

10% Fraction (205°C)
En~ Point (°C) 290 300 v~ Loss and Residue (1.5% +

1.5% Vol)
Viscos i ty 0 -20°C (cST) 8.5 (V)f (/)f WSIM (&5)

Gravity (°AP!) mm /max 36/48 51 51

Net ‘It . of Comb . (Btu/lb) 18,300 / V

Smoke Point ( 410 ) 19 V /

A rornatlcs (Vol %) 25 V V

Olef in s (Vol %) 5 (V)c .‘

Freezing Point (°C) -46 -40 V

Therma l Stabilit y

~p (nin h1g) ,~25 V V
Deposit Code ,~3 V V

Sulfur (Wt %) 0.4 /

Mercaptan (Wt t) 0.001 0.003 0.003

Acid #(mg~0~/g) 0.015 0.10 0.10

Copper Strip Corrosion Index 16 V V

Part. Matter mg /i 1.0 (V)d 2.11

Existent Gum (mg/lOO ml ) 7.0 V V
Filtration Time (mm ) 15 x x

FS1I (Vol %) mm /ma x 0.1/0.15,fn x it

Corrosion Inhibito r fn x it

Ar,’iox id ant fn it x

M€ ’t , i  Deact ivator  fn x it
n n

LEGEND
it: No specification element f: From viscosity vs. ten~erature
‘: MILSPEC criterion is satisfied graphs and value ~ _35CC

C: Usuall y below 1 percent according to ASTM fn: See Appendix E for fuel additives

d: Appears to be covered by workmanship criteria ~: May contain anti-static additive
If agreed upon by purchaser

4-20
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In Table 4-13 , the sp ec it~ catiors for JP-5 is compared ft fuel afla y~~ - ’s reporte r by the ~~I , M - c c ’  —

ing companies:

• Chevron

— Jet A

— Je t Al

• Exxon

- Je t A

— Je t Al

— Jet B

• Another company for Jet A from Refinery A (ZA A )

• Jet A from Refinery B (ZA8).

This table shows that several fuels , espec ia l ly  the Jet A types , nearl y :I1 ,fli fy as JP—b . In p,nr t i -

lar , Jet A from Refinery A of Company “7” dev iates from JP— 5 only ecause a ‘l w  : r o : ’ C- r t i e s  we r l ’  not

measured. More importantly, how eve r, t hi s fue l , unl lic e all the ot n i -  al t s r  res t s-’, n’t’~ - II r ~ 0-(i 
l l I ~ )I~

satisfies the flash point cri ten a for JP—5. Company Z’ s Je t A f i -ol; ‘~ef i sw—n . - B n est- , al l Se’ same

MILSPEC requirements as the product front Refinery A except flash point. The Cbe v r’o r ’ and E is o r~ fuel s 
-

- 
-

(as del ivered) also satisfy , or nearly meet , all the requirements for ,J1’ -!- , ex nept  for a siqni fi-

cant difference in flash point and for several unmeasured propert ies. All fuels r n - 1 - I r t e d  here ‘,atis1 ~

the tf’~5 MILSPEC for the important elements of dist i llation recovery-fraction temperatures contust ion

properties , stab i l it y characte ri st i cs , and major c o n t a m i n a t i o n  levels.

t’ with diesel fuels and teating oils , BLRC /ERDA tested a large samp le of Jet A/Al fuels,

~‘n,’ rp~ u ’~~- - ,) C’(’ t rP ’ ,€n r I ’eIl f i r ’,t  in Table 4—14 as averaa’~s of all the samples for each property (and

- ‘- ‘- ‘~~~~‘ls a “weec~~~I r r i y ret- ”ss--’ -~ a typical fuel ), and then as ranqes of the meas ured values in

v a s  “‘ a / n - ’  5 : 5 - I  over a lar~~n - domestic sam ple of commer cia l 1

- , ,. • , ~~
-, ‘ ‘r - - .,, - , ~ -e~ ’ • “. “t - , - ,n’,h p~ i r - t . However , ‘,,-ve ral contani-

- — i  .‘ - . ‘ lit ~~~

- ‘ ‘ ‘ I n ’  UP. 5 ~

— ‘ 5 ~’( ~ 4 I I ~ I~~ 1 ’  ‘~~‘ . ! ‘ I~~’ ‘ Ir ‘ , - t  f-i , ~ ‘ ‘ ‘ I ’ ’ ’ ’ ’

-A
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TABLE 4-15. FUEL PROPERTY RANGES OF ALTERNATES COMPARED TO
JP- 5: BERC/ERDA TESTS

Element JP-5 Jet A

Flash Point (°C) 60 (43.33 - 65.56 ) 
5-

Color —

10% Fraction (°C) 205 (179.44 - 203.89)

10% Fraction (°C) — —

End Point (°C) 290 (227.78 - 287.78)

Loss (Vol %) 1,5 (0 - 1.5)

Residue (Vol %) 1.5 (0.5 - 1.5)

Viscosity (cST) 8.5 @ —20°C (3 - 4)

Gravity (°API) 36 - 48 (38.5 - 49.2)
Jet Ht. of Comb . (Btu/lb) 18,300 (18,481 - 20,070)

Smoke Point (mm) — —

Aromatics (Vol ~
) 19 (18 - 28)

Olefins (Vol %) 25 (9.6 - 23)

Freezing Point (°C) 5 (0 — 3)

Pour Point (°C) -46 (-84 - -40)

Cloud Point (°C) — —
Therma l Stability —

ta-p (nis Hg) 25 (0 - 76.2)
Deposit Code 3 (0 2)

Sulfur (Wt %) 0.4 (0 - 0.22)

Mercaptans (Wt %) 0,001 (0 - 0.002)

Acid #(mg~0~/g) 0.015 (0 - 0.04)

Copper Strip Corrosion Index lb (Ia - lb)

Carbon Residue (Wt %)

Ash (Wt %) —

Existent Gum (mg/lO0 ml ) 7 (0 - 3 .2 )

WSIM 85 (64 100)
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wi th a fuel which is more vo latile (to operate in cold environments), The naptha-based fuels (JP-4

and s-Jet B)  a re sl i ghtly less compa t i ble with the MILSPEC, particularl y wi t h safety c r i t s - r i d , bic auss

they, too , are extremely vo la t i le .  In addit ion , these fue ls do not sa t is fy  JP- 5 requirements fer

thermal stability and , less im portantly, for gravity.

Table 1-15 shows the range of property values found by BERC/ERDA in th is anal ~ is of Jr’ t A

samples (this comparison is similar to the one presented in Table 4 - J O  f a r  ~~1mher 2 d iesel fue l r s - la -

tive to OEM). A number of elements were always found to be w ithin specifi cations: all d i stillation

properties, most combustion properties , and a number of important contamination levels. These

analyses of sam p le- ’-1 are characterized as follows :

• Explo siveness , particulate flatter level , and the requirements for additives were not

measured for any sample

• About 6 percent of the samples passed all JP-5 MILSPEC c iteri a which were measured ,

is shown on Table 4-15

• Abo ut 15 percent of the samples had flash points ‘54.44Th and passed all other measured

JP-5 MILSPEC criteria

• About 10 percent of the samples had freezing points ~-40 C and passed all other r!W’a .u r’

JP-5 MILSPEC criteria

• About 21 percent of the samples had f lash points ‘54 .44’C , f r e e z i n g  po in t s  -40°C , and

passed all other measured JP—5 MILSPEC criteria

These comparisons of analyses of fuel san-p les with the OP-S MILSPEC lead to the fo ll ow in;

conclus ions:

• Lons’~in-, analyses of Jet A samples indi cate that they meet most JP—5 M ILSP EC criteria;

however , some are deficient in flash point , and all must be analyzed with respect to

heretofore unmeasured J l- 5  MILSPEC requirements

• BERC/ERDA analyses of samples of Jet A indicate that if explosiveness , particulate matte r

lev e l , and the add itive s requirements are satisfied , 6 percent of the current fuel

supplies will meet ,J1’—5 MILSPEC requirements; this pe,’centaqe virtua l l y doubles if it-

flash point requirement is lowered by ‘).56°C , and virtuall y doubl e , again if ~~~ ‘‘ fl -n

point requ l rn— n- n - ni is t n )  - I l  l v  (1 C

• BERC/ERDA anal yses of the one Jet Al sample show that it na’~’t s the 11’.- ”. ~“il 
- Yl

point requi res ent , but it differ’ , more from the flash point rt-’qui r osin -ni ( I  in does hp

wei ghted average of the Jet A samples ,

- 1 75
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4.6 EXPERIENCE WITH NON-M IESPEC FUELS

The discussion in this section has qualitatively described t ie potential impacts of using

fuels wh ich do not comp l y with MILSPECS arid has quantitativel y det ai led the differences between

civ ilian alternate fuels for OEM and OP-S and the MILSPECS. 5ome of this information will now be

• put into perspective by describing actual experiences that manufacturers of combustion equipme nt or

researchers have had with a variety of fuels. These experiences are summ arized in this section ,

arranged by MILSPEC ele ments for which information was available (detailed in Appendix F). Informa-

tion was obtained by personal contact with manufacturers and operators of combustion equipment and

by a review of the open literature ,

Each summary be low shows the MILSPEC element and the relevant MIESPEC criteria. Where appro-

priate , impacts are identified as they affect boilers , d iesels , and/or gas turbines.

• Flas h Point (OEM , JP-5; >60°C) and Explosiveness (JP-5; -50 percent): All data relative

to f l a s a  point are for aircraft only. The percentage of aircraft crashes which lead t

post-crash fires ‘nay more than double when JP—4 (flash point not specified but frequentl y

<0°C) is used in place of OP-S. The results of 50 caliber gunfire tests show that the

incidence of sustained fires went from 0 percent with JP-C to 68 percent with JP-4.

Simi larly, when Jet B is used in place of Jet A , the probability of fire increases , and

the probability of survival in the event of a fire decreases .

• End Point Recovery Temperature ( OEM; ‘~385 °C; JP-5; .290°C)~ Increased deposits have been

observed in both ring zones and combustion chambers of diesel engines when the end poi n i

recovery temperature was too high .

• Viscos i ty (DFM: 1.8 — 4 .5 cSt @ 38°C; JP-5: ‘u.S cSt @ -20°C): All data on impacts of

v iscos i ty  di f ferences are for fuel suppl y systems and 1. 1 5- n ’ , in t I i I l lC! S . In ma ’-ine

installations , low v iscosity fuels (I .e. , No - 1 grades) III VI’ a ,sss d 1 ut- r i  a-a C icr, prr tO cr’s

in gear type pumps and have also caused burner probl ems v i ? t  uns ’ l  Ic n - l ame a- sI din g IS

the thor hand , a change from middle distill a te iii high v isc o s i iy f l  ( i n ’., No. 4

~;i’idn ’ s )  has required preheat ing and pump changes; u lIl r n-I ’ v I-n , hi qt vi’ . s ’ s : ’ - , c Is have

been hard t o  a t o m i z e .

• I 1~~~ , l l n C ?; nnu ~~~r (DIM: 4 )  - This sp eci fn - th en Cl n l iIi nt is Ifl ’lI? t in ? i l y f t  du el

n’l - ; l  nes. If the cetane number of the fuel is decreased , die ’,n- l en i nc ‘..‘~; t i i  n i  a hi ,ihn’t

fue l flow ra’ n’ to delive r a cpn ’ n ifi rol power , A low retane number (‘40), p c- ,’,i t le w ith

i s - i l  i , in fuels , ‘ I d’ , a l s o  n u s t ’ i ir li ~ i,jt t i nq i n cold Wt ’ ,ii i t Ir and tix- inI l problems , wh it h

has inc rn,ise n’si h a - ,t 5Ii)I I~ I ’

~~~~~—— —~ - 
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• A roniatics (JP-5: -2 5 percent by vol.): High aromatic content in fuels caused a sooty

4 flame in gas turb ine combustion chambers which increased liner temperatures; however ,

aromatics improved the lubricity characteristics and oxidation stability of some gas tur-

bine fuels.

• Olef ins (JP-5: ~5 percent by vol.): Olefins have degraded thermal stabilit y of aviation

turbine fuels, but , like aromatics , they have also improved lubricity characteristics .

• Sulfur (DFM: 1 percent by wt. ; JP—5 : 0.4 percent by wt.): Sulfur contam ination in

fuels is a major concern in maintaining all types of combustion equipmen ° I n bo i l e r s ,

when sulfur levels in the fuel exceeded 2.5 percent by wei ght, (which could occur in

heavier residual grades of fuel) problems have occured with fireside deposits on the tubes,

corrosion of the economizers , and damage to equipment on ship decks from stack discharges .

In diesels , increased sulfur levels induc ed ring wear and piston seizure : increasing the

sulf ur level from 1.0 percent to 1 .3 percent (a level excceded in some heavy distillate

an d residual grades) caused a 250 percent increase in ring wear. In gas turbines , eve n

the accepted sulfur level has led to sulfidation corrosion along the hot gas path , pa r-

ticularly or, the vanes in the turbine section .

• Mercaptans (JP—5: - - 0.001 by wt .): Mercaptans have unpleasant odors; they also r eas - i w i tS

elastomers and seals in the fuel systems and remove cadmium plating from fuel s t r a i , n r

• Acid Number (OEM: - 0 .3 mgKOH /g; JP-5: >0.015 mg~Q~/~ ): Fuel acidity has i-en rn’s; ‘n’. i t  I n-

for corrosion attack of elastomers and metals in fuel systems of all equip ment tv; , ,

How ever , since the refineries have switched to an acidless cracking ~r o c e s s . problems

traceable to acidity are no longer observed.

• Copper S t r ip  Corrosion Index (OEM: <1; ,JP — 5 : ~lb) :  Gas turbine s f s t ( ’ ’ ’  1111 A’I’ n - ibI t i i n ’ s-

no si gns of copper corrosion when the i ndex has been less than 2.

• Carbon Residue (DIM: 0.2 percent by wt.): Exhaust smoke from boil e rs inc n i- -nsn ’ s si l l -

nifi , i n ?  l v  - k t
~~

p (el c ,’.r~ e’- resi due I - .Ipp d s 12.5 percent , ( 1 nOsSi t l le  in, t i n  l ’ n - , i v O - r

f uel  I;r,hj,’, where it is not measured) with a fuel carbon-hydrogen ratio of 7 or greater.

• Ash (DIM : 0.005 percent by wt.): Plugging between boiler ¶ JJ Ip 5 has  IX itt -p d in N a y - 1

boilers when the fuel ash content approached 0.01 percent , a l ev e l  i y~~- I l l  I f civil Ii!

fuels. This ha~ unit been a problem for civilian equipment lea - Il l ’, f l ’wn’r com h,, ctisn

intens i ties and larger passages between boiler tubes .

(—2 ?
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• Particulate Matter (JP-5: c I m g / z ) :  Because current handling pract ices maintain a hi gh

level of cleanliness , particulate matter is not detectable in aviation turbine fuels

• Accelerated Stab ility , lnsolub le s (DIM: <2.5 mg/100 mQ ): Excessive am ounts of in solub les

hays ca used die 5el -~,-,teir probl ems with clogging, sticking, and wear “ n close-tolerance

fuel-injection systems ; they have als o contributed to carbon fouling in combustion chambers.

Mo reover , insolubles have clogged filtratio n units installed to remove them from tin’ fuel;

howeve r, these problems u s ua l l y have not occurred until levels of insolub les above

3 mg/lOU m~, were present.

• Corrosion Inhibitor (JP-5: see footnotes to the tables in Subsections 4.3 and 4.2 ,1:

Corrosion inhibitors have caused degradation ir , the theri’,a l stability of the treated

fuel and made it harder to separate fuel from water , A l- ,o. som e additives used in c iv il-

ian fuels ar-c pola r ’ a n d  could disarm coalescers , deactivate filters , and cause plugg ing,

The above sunina ry of exper iences with fuels by manufacturers and operators of combustion

e’;ulpnient was not intended to describe all such experiences. It does , howeve r , foc us attention or,

,l- ,pus ts of f u e l iiIl ~dCt ’~ which are of current inter est to operators of combustion equipment.

4 , 7 SUMMARY

In summary, this section has presented the Navy ’s requirements for its fuels (MILSI’ECS).

spa red t he 5 n ’ requirements to t I n ’  properties of available , reasonab le alternate fuels , and d is ts~ ’,e,l

l t e r l t i a l  “i~~Itt ts on combustion equipment f r n n r ,  u s i n g  non-MILSPEC fuels in Navy equipment , I n - I  n n  -

‘Ilirem ents were arranged into three groups , safety , performance , and maintenance , to order Ihn ’ dis-

‘ I n  i i l C ’  d i n - t i -rI -i s-i’s 5 the various fuels.

The performan ce group was subdivided into elements describing basic prope rti n - c . on” I - - I  “rI

properties, ar-i other elen~ nts concerned with the ability of the fuel to flow in t I  l i ~~ut~l - I n’ ,--

The m a n ? ,” r ia ,ia- ’,’ qrs llp was also subdivided into corrosion contaminants , erosion con tanin an ts , and other

I l i f lt ll’O ! l , In l i ’, or additive s that can adversely affect operation of a ‘ oml usti on systs’ - - .

The s- or- ; r i b  i t  civil Idil fuels with Navy fuels first Show(’lI the di f fe r i - r r  i’ - n - I  w i re t h e

)i,tTM 5 ; s n ’ i f i c a t i o n s  for c i v i l  dli fuels and the MILSPECS. With 1 unjIl ter fuels , such as th e Ni’ -,

,ind 2 fuel oi ls and diesel fuel (preferred alternates for DIM), the iiwjor dif t, ’ rences at - i - with the

flash point , t int’ - ‘ i n t l ,  number , sonic contamination criteria, and a ‘lu s’ t ’ .-t ’ 1 M it ‘11 I ~~, l n  r i, II

w h I t  in no i iv i  l iar ,  requirement s ex i t - The heav  i n - n - fuel oils , lit t I l , ’  ~‘ i ‘i t’ hand , dii f 5 , ’ Si l~i i I iI n i t  I s -

from OEM . and would require in ’ I ,i lla t io n of fuel In s ’,,ters , and other ‘ I ’ ’:’ ,. ‘ I ,  rnodi f icat  I t S  With

-l - ?lt
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alternates for OP-5 , th~ imajor ‘:n ’via t ions from the MILSPEC are with flash , ex plosiveness, and a i’ - .-.

criteria fron, the performance and cbaintenance groups ,

Company specifications for civilian fuels were also compared to DFM; flashpoint and ash level

are the only known di fferences. However , a small number of elements i n the maintenance group , wh i ch

are not currently measured for c iv i l ian fuels , may differ from the MILSPEC. Di fferences between the

M!LSPEC and company specifications for JP-.5 alternates are similar to differences between the ASTM

specifications and the OP—S MIbSPEC.

Fi n ally, analyses of actual fuel saniple s were conipared with the MILSPEC criteria. T i es1 - anal-

yses included tests of product -oth by fuel supplier s and by BERC /ERDA. For DIM preferred alternate s ,

sonic analyses show that no known deviations exist; inn, onl y potential problems are demulsifi cat ion

ti,ne , neutrality, and permi t ted additive ’ , , Ho.-. n’vn-r , analyses sf the ‘ Il ’ a v y  fuel oil a l te rnates  f i r

OEM confir n that these altern at l ’ ’1 I I I ,  i ‘ t O  f,- - - ”~~ ’ - ‘11LS PF C iii ‘ any areas , For OP— h a l t e r  l II’S ,

there are analyses which show possible problems only with explosiveness, olefin content , acid nb,s - -

ber , particulate matter , and add4 tives criteri a . F r  No , 2 diesel fuel , BERC/ ERDA data ‘ O w  ti - - i t

practicall y all of the nreasured DIM MILSPEC elem ents were defic m erI t in, one sample or another of

c i v i l i a n  fuel , Although these deficiencies were ra re, thei r ex is tenc e  shows tha t a lt e rn a tn - l i t  ls

‘ I I ’ OE M l I l y  occasionall y not satisf y important MILSPEC crit eria. On the Other hand , B[RC/ERDA d~n t ,

for Oct A show t Ci’ saniples all - - - i  the MILSPEC I r i t e r ia  for d i s t i l l a t i o n  properties, n,ost ,:ull: III, ’,t l l - I

, ‘ r ’ lp e r t m n ” ’ s - .  and a number of c o n t a m i na t io n  levels , howeve r, a number of saniples did not nieet t i n  ii’-

p o rt ar it fla ch po int Cr t- n - i a ,

Lii,bi ted in format ion was - ‘ ‘ i m e d  liii t i ll ’  ts -~~l< t of va ri ab le fuel properties on I’osel ’,t lo t

equip m ent and fuel suppl y sy Sie - ‘, T t i ’ , imi f , m ’r, ,it Ill a l so  showed the major concerns of equipment

mario fac turers  and users rn’qa rdi 110 1 hn’ impact of ‘ m l  quality on their systems . These I U i~C n’ t ’ ii5 dm ’n’

l isted below :

• Reduced f lasi;e int r b - l i F t ’ -’ to increased occurrences of aircraft fire

• Viscosi l ’s- must bc Cb ’l r s i d n v ’,I i , to , i vl” id  lubrici ty , flame stiil- i 1 ity , UcI 1 I 1 I ) .  arid ‘Ito’ m:l nq

p rob Ii’ ’ ,

• “ Ill fur l e ve l s  vi - t I’’- ini n im’IiZc ’J to rICducn-C corrosion in all types of C IIIIII1IA ’, tori l’l ~ lJ i I l l O i I i

• Insolub les can f o u l  I t  only prin ary COi ’lhus tiO fl equipmen t, ‘ut may also clog lu n’ l fl ew

passages and f i l t e r ’ , designed to remove them

• Corrosion in hi hi t o r t can degrade fuel Properties an impair operat ion of t in - i I, 1 p l i

1 liIi’fl I
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From the discussions presented in Sections 3 and 4, alternate fuel grades for the MILSP [C

fuel s can be ranked , based on the fuel impacts they produced on Navy combustion equipment. Three

levels of inmpact have been defii ,ed for these fuels and are discussed below.

• Fuels with no impact — these alternate fuels would not reduce personnel safety , and wou ld

not degrade combust ion equipment or equipment operation and performance . Presumably, on ly

fuels w h i ih  meet al l  MILSPEC cri teria for DFM or JP-5 would cause no impacts.  No alter-

nate fuel i “ .a-”;ti qatell in this study is known to completely sa t i s f y  all cr i ter ia  for OEM

or JP- 5. rluwev,,-r  . a l ub ber of possibilities exist , namely, those fuels which pass the

appropriate MILSP EC to t a ll measured properties. These fuels would , in effect , be MILSPEC

fuels if their ( L a -  d a t v (  ,ml b I ’ Ieasured properties were found to satisfy MILSP[t, criteria.

For OEM , these alt rr ,I a- te:, i ra-’ :

- Chevron heating oil No. 2

- Company X No. 2 diesel fuels (including the B refinery if cetane improver is added)

- Company r’ d iese l f uels

- Compan y V No. 2 heating oil

Moreover , the BERC/ERDA anal yses indicat e that if cetane improver is added where

Ties- dI d , there is a 0.6 probability that any exist ing batch of domestic No. 2 diesel fuel

nri glit also qualif y as a potential DIM MILSPEC fuel. For JP-5 , the alternate which il ii ght,

bc i MILSP EC fuel is Oct A from Refinery A of Company Z; the BERC/EROA analyses indicate

that there is a 0.06 probability that any existing batch of domestic Jet A m i ght also

n~’et the JP-5 M ILS PEC ,

• Fue ls w i t h  some impact -, these alternate fuels would not reduce personnel safety; however,

t hey m a y  cause long-term degradation to equipment. For example , exces sive levels of sul-

fur . acidity , and nier ’captans will progressively corrode fuel supply systuI l s, b oila - ’r r’e- -
‘

fractories and econonmizers . diesel eng ine piston rin gs , and hot-gas-path coimm pune nts of

gas turbi n es , Excessive levels of carbon residue , ash , existent gun,, and part itu late mr ,, r i-

Ic r will -m ’ll b res sive l y erode , bu i ld up deposits in , and cloy burners , ri: ’ ’ ( b r ’ .. l i i i no,’ -

z les , ho ler tut -c ’ c . ‘lii’’ iel engine combust ion chambers arid gas t urb ine l Ist  gas path comp()-

nents. In addition , excessive endpoint recovery temperatures Could build up deposits in

r I - ‘ ‘ones and 1 oms - l u t ion cha mmiber s of d iese l  engines.  Howev c P’ - i It ’’ ,, a- go i (v eil t biI ~ d ( t S

can be reduced by increasing mna irb l 1n , I ICS I , T hese a l t e rna te fu e l s w o u l d  a l s o  m n m l y l a c t  ‘ci-

formance. I n’ “x a i p  l ’ , low b,”tdmn e numbt’r can increase fue l  on mr ’ p t  ion and ,IIJ ’- n ’  hard

-1 III

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



starting and excessive exhaust smoke in diesel eng ines. Low net heat of ,IIII,us tion can

degrade output of ga-~ tum ’bines , and excess i ve g rav ity can red uce en d ur a nce ‘if ra nge o f

any type of combustion equipment. Any fuel listed in the no-impact level would have to

be reclassified to this level if sonic of its unmeasured properties did not meet the MILSP [(

criteria for this level of impact . For DFM , al tern a tes a t th i s level  are :

— Exxon diesel Ito. 2

— Chevron diesel fuel

No additional alternates of OP-S have been identified for this impact level. ,

• Fuels with nmajom’ impact - - these alternate fuels could cause difficulties in m a intainin ni

personnel safety, could require significant modifications to combustion s 1-s te lmbs , or could

render Combustion systenis inoperative. Fuels which do not meet time MILSP [C Criteria for

flashpoi nt and for explosiveness would pose an additional hazard for personnel. Fuels

beyond the MILSPEC l i l i I It S  for Viscosity could requ i re preheaters and/or pump changes ill

the fuel supply systemns of m arine equipment. Fuels with low viscosity can lead to pump

lubrication problems. Fuels which do not sleet criteria for freezing po int, clnud poin t,

or pour point develop problems at low temliperatures. causing an inadequate sup pl y of fue l

to the combustor and subsequent conmbusti on failure, Fuels w im ic h do not pass MI LS PEC

requirements for demulsification cannot be easil y separated from water , which can lead

to problems with fuel flow at low temperatures, from i ce forma ti on , water -in duced

cor ros i on , or combustion instabilities. Fuels which do not pass the WS IM requirement

of JP-5 could i nduce coalescer failure . Any fuel listed in the preceding impact levels

would have to be reclassified to this level , if some of its unmeasured properties failed

the MILSPEC criteria associated with the i mpacts at th is level . Icr OP-I, further alter-

na tes at this level are:

- Arc o diesel and h eating oils

I lll’ I ii fl Y ~ No. 2 h eating oil

Chevr on No. 1 heatin q and diesel oil

Esn on No, 1 diesel oil

Lino n se atin g oil Grades 4 through P

- Chevron Ii J u t  , i rmnlus tn ,i 1 , a il t burn e r fuel oils

4 - U



And , si milarly, fi r OP-S the alternates are :

- Arco J,-t A anti Jet Al

- Chevr on Jet A and Jet Al

- - Exxon Jet A and Jet Al

Co rp ally Z Jet A troll, the B ret’i nery

— Exxon Jet B

- -  Jp-4

— JP-8

4 — 1,



SECTION 5

SPECIFIC EXAMPLES OF POTENTIAL FUEL FLEXIBILITY

The previous sections have addressed the question of possible alternates for OEM and JP-5 in

a global manner: Section 2 conmpared total United States and worldwide demand for these fuels and

the i r ave rage pr ices , Section 3 identified general differences between Navy and comparable civilian

combustion equipment to understand why Navy fuels must pass more stringent requirements than their

counterpart civilian fuels , and Sec t io n 4 showed how and where var i ous c i v i l i an f uels  d i f fere d f rom

OEM and OP -S . This section will assess the potential for usin g alternate fuels in an actual case ,

i .e., will bring together the information presented in Sections 2, 3 and 4 and apply i’~ to two spe-

cific areas. Norfolk , V irginia, an d San Diego , Cal i fo rn ia  were c hose n beca use they eac h have major

Navy fac ilities . Furthermore , they are located on opposite coasts of the United States and, there-

fore , should provide examples of major differences in fuel availability arid cost conditions that the

Navy might encounter within the contiguous United States.

5.1 METHODOLOGY

5 .1 .1 Fuel Ava apjj,,!~~

Petroleum products are distributed throughout the United States by tank truck , tanker , and

pipeline transport. There appears to be no easy way to learn the quantities delivered by various

transport mi ethods ; like nnuc h of the fuel availability data sought for Section 2, this info rimm ation

is available in fraqmnentary ton” and has never been compi led .*

Therefore , l ic king definitive data , we we re fom’ced to base our discussion of alternate fuel

availability for Norfolk and Sait Diego on gross estimates. For example , in the cast’ of Sari Diego

we relied on M r. W. T. Eskew , Genera l Manager of the San Diego Pipeline Company. T He estiniated

that about two-thirds of the conminerci al pe tr oln ’IJ ’ products wh ich reach San D i em , Ca lifor ni a flow

through the San Diego Pipeline Company system . Ihis p ipeline syst em : is connected II many refineries

It can be determ ined for a given polit y (e.g., a state or ~c-rhap s a lmb in t y ) by n-mxm n 1 n ing t m  n’ i’ ( I l t I i ’ i

21 3/624- 9461
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tirIllJ Jh tee Southern Paci f ic  Pipe Line Watson Pummm p Stations in Carson and Norwalk. The Nurwall pump

station is also connected to DFSC’ s Nor wu lu s- tank farm .

Mn’. Es kew s ,‘ ‘ . t i I ,0 r 0 is f0m ~~)m :Iimlercb,3 l petroleum products , but the pipeline can also move DIM

and 110 n, r JP-4 and OP-D in C al if ’ot ’il ’ a , (Although the curr ent public utilities commission tariff does

riot permi t the IIUVClfl èSI t of JP— 4 , Mr. Eskew said that its na - lusior , had sirilply not been requested.)

Mn ’. R. Tanner , Superviso r at tile Defense Fuel Supply Plant (DFSP) in Norwalk , tol d us that JP—5 nmoves

to San Diego by pipel ine , but that OEM moves to San Diego prim aril y l-y ship. (These tankers formerl y

1s ,i -ln d at the Navy Tuol Depot in San Pedro but , beca use of an explosion at the 22nd Street Pier , are

i c r t i ,,- b e i n g  loaded at the DFSP docks in Norwalk.) The choice of transport method is made by

OF SC.

Information about the quantity of fuel which passes througn the Colonial Pipeline Company sys-

tel , to the vicinity of Norfoli , Vi rg inia has not been obtained , nor f,ave we succeeded in learning

the quantity of fue l which enters this specific geographical area.

Another LII - ictice of pipel ine companies l imits our abi l i ty to attr ibute potential impacts ,

i.e ., if the ‘lavy were to use c i vilian fue l delivered by the comm ercial pipelines that service ~hc’

local a reas (Norfolk or ban Diego). Each pipeline is connected to several refineries and delivers

fuel at various points along t i n ,  pipeline. When a customer requests fuel , for example , Number 2

heating oil , t e e  pipeline conipany will take on this quantity of fuel from one of the refineries ,

even t i m , ’ tile ref inery chosen by the customer , But , the pipe l no company will deliver to the

customer w ti,1 ’,ev’” batch of NI4l’ht’ l 2 heatin g oil in its pipeline system will optimize the pipe-

line company ’ s operation . The oil may come from the customer s choime of refi nery , or some (or all)

‘if i t -ba t come from another refinery . In other words , altho ugh the pipeline company takes on as such

fuel of P.m h nd i, it sells, it does not necessarily match each purchase with a sale. The pipelin e

log ‘ - mr s a lw , I ’, . of  cb ’ut ’ s. l’, be j- ,e’i to es tab l i sh  the sou rce and end point for all of the fuel which

clov es - i t i- mi ’ IU~~tl t he- 1 me’ between 114 y two t ime points , but the log is not readily available ,

However , des ms ’m t unobtainable data , a simple procedure a l l ows  us to provide an upper Un -i t on

the j a m m n i t i e c  of fue l required and to estimate the’ quant ities a v a i l a b l e .  The procedure is based

on the fo l low ing:

• The fuel r e l m i  n -e l i  by the Navy for  shi ps or a i r c r a f t  t bb r i l  i l l s - I ’s- is  DIM , O P- b , om - c lose coin -

men ia l  s--’s- ’ i m v a le n t c

• The qu antb cy of fuel requir es-b at N l r e i i  and Semi Diego w i l l  be rio larger i l i u m  the qua r m t i t v

5. ~
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w r~~ch the DFSC l i~~r~ ‘u the Na vy in CO~II~ Zone 1 (which include s N~rf 1k 1 or Zone 5

(wPn cn ~nc1 udes S~n [Jiego)

• The quantity of coue ieiHa l fuel ava i lable in each of these regions is approximatel y the

amount of commercial fuel avai la ble from refineries that connect to the Colon ial and

San ~iego pipelines. This approximation neg lects any other method of delivery (e.g.,

by tanker or tank truck) to either location and assumes that , at least in an emergency,

the entire output of commercial fuels from these refineries would go to the ravy.

The discuss ions of potential fuel availabilit y in Norfolk and San Diego , presented in Sections

5.2 and 5.3. are based on this approach.

5. 1.2 Fuels Im~~cts

As discussed above , the p ipeline systems wh ich supp l y the No rfolk a nd Sa n Di ego areas connect

to var ious refineries. Moreover , the capacities of many of these refineries would be adequate

(assum ing that crudestocks were available) to supply Navy requirements in either area . Thus , one

poss ible method for determining the potential impacts on Navy systems from switching to locally

ava ilable civ i li an fuels is to assume that a specified refinery (with adequate capacity) on each

pi pel ine su pplies all the fuel to the Navy facilit y. Using this assumption , the fuel impacts can

be dete rmined imm ediately from the information reported for specific refineries in Section 4 above.

This approach , used in the next two subsections , is the onl, feasible approach at this time .

P i pel in e opera t i ons , as desc ribed above , do not record anal yses o f fuel sa m p 1e~ reaching a given

dest i nat i on, nor are any simple means ava ilable for determining which refineries suppl ied either

area for a given period. Moreover , even if a given batch of fuel could be identified on the basis

of relative contribut ions of ref i neries , there is no accepted method to predict the properties of

the fuel mixture in that batch .

5.1. 3 Fuel Costs

DFSC pu rchases fuel in bu lk and stores it in its tank farms . These p u r t . ~es are based on

the overall requirements of the Jli litary services (and few related agencies), rather than on specific

requirements of a given fa ci l it ~ at a g iven time. Hence , DFSC ca nnot and does not associate the

purchase price of any single lot , of fuel w ith an individual delivery to a user. For this reason

we have chosen to compare the average prices paid by DFSC for DIM and JP-5 to prices of oI l ta r dt ~le

c i vilian fuels in Norfo lk and San Diego areas in Section 5.4.
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5.2 AN EAST COAST EXAIIPLE : NORFOLK

5.2.1 Ava il ~ b ili ~~

The refiner ies shown in Table 5-1 are connected to the Colonial Pipeline Company (CPC) line ,

which passes through the Norfolk area . Exami nation of Tables B-l and B-2 in Appendix B show that

the annual requirements for DFM and the combination of JP-5 + JP—4 in DFSC CONUS Zone 1 are:

• DFM . 2.7 ~+lBBLS/year

• JP-5 + JP-4 , 3.6 ~lBBLS/year (3.4 + 0.2)

Howeve r, the 1973 output* of the Texaco refinery in Port Arthur , Texas , alone , was:

• Diesel and heating oi l , 29.9 MMBBLS/year

• Jet fue l , 22.3 MM6BLS/year

Therefore , neg l ecting al l other refi neries in Table 5-1 , and assum ing that the ratio of kerosine-

based jet fuel produced to total jet fuel produced is at least O.l :l ,t the Navy would requ ir e no

more than 9 percent of the disti l late fuel oil Output and no more than 11 percent of the jet fuel

output of just this one refinery . In passing, we note that the Mobile refinery at Beaumont had a

greater average daily capacity in 1973 for distillate fue l oil than the Port Arthur Texaco refinery ,

and the combination of Cities Service , Mob i l , and Gulf refineries can refine even more jet fuel than

the Texaco refinery does.

5.2.2 Expected Impacts of Usinj~~va ila b le Al ternates for DFM and JP-5

Among the companies whose fuel anal yses are discussed in Section 4, Companies V ’ and “V are

the only ones which supply the Norfolk area through the pi peline system . This discussion does not

include other fuel analysis , because “V’ s’ and “Vs ’ ‘A ” refineries production are sufficient to

satisfy the Navy ’ s needs for both DFM and JP-5 in the Norfolk area . Con~any “V’ s’ diesel fuel , as

sold , fai ls to fleet the specification for DFM only because the following MILSPEC elements are not

mea u red:

• Loss and residue

• Cloud point

• Den iiil si fi it ion time

A ll output quantiti es are from Appendix C

Ba i’d on a ~~r,i ir ri C 1 nery v i i  i d .  by fue l t yj” fo, each PAD provided by the Ilur ‘lv of Mi ii , ’ ,



TABLE 5-1 . COMPANIES WHO TRANSMIT PRODUCT THROUGH COLONIAL
PIPELINE COMPANY TO THE NORFOLK AREAa

Has Tankage in
Company Norfolk Area Normal Input Location

Connected to the
Colonial

Amoco Oil Company X Pasadena , Texas

BP Oil , Inc . X Pasadena , Texas

Continental Oil Company X Lake Charles , LA

Cities Service Oil
Company X Lake Charles , LA

Coastal States
Marketing, Inc . Pasadena , Texas

Gulf Oil Company US X Port Arthur, Texas

Mobil Oil Company X Beaumont , Texas

Murphy Oil Corporation Collins , Massachusetts

Shel l Oil Company X Pasadena , Texas

Texas City Refining, Inc. Pasa dena , Texas

Tenneco Oil Company X Collins , Massachusetts

Texaco Inc. X Port Arthur , Texas

Union Oil Company
of California X Port Arthur , Texas

Swann Oil , Inc. X Pasadena , Texas

CF Petroleum Company Pasadena , Texas

aSource: Personal coninunication from Mr. W .L. Nico ll of the Colonial
Pipeline Company
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• Acid number

• Copper strip curr~sio n index

• Neutrality

• Ash level

• Accele rated stability . inso lub les

• Ant iox ide nt  addi t ive

• Metal deactivator additive

• Ignit ion improver add i t ive

This fuel may also contain conductivity and flow iiiiprover s which would have to be either certified

by a MILSPEC or removed from the fuel. “2’s” “A” refinery could suppl y Jet A as an alternate for

JP-5 , but again its fuel does not meet MILSPECS because properties have not been measured. These

properties are listed below:

• Ex ç.l osi veness

• Olef in content

• Part i c u l a t e  matter

• Fi1 tr ~tiori time

• Fuel ;ystem ic ing inhibi tor

• Ant i o x i d a n t  add i t i ve

• Meta l deact ivator  addi t ive

In addition , the conduct iv i ty improvers would either need to be certified or removed. Neither of

these alternate fuels currently have any measured properties wh ich do not satisfy the respective

MILSPECS.

Althou gh the fuels described above are very good and would , no doubt , meet a r,un’ber f the

currentl y unmeasured cri teria , the potential impacts of these fuels on Navy equipment should he notrI

• Safety Failure to nieet the explosiveness criter ion could impose an unacci’ptable fire

hazard çn personnel

b-f
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• Performance — If the o le f in  content in the Jet A is too high , the fuel may produce un-

pleasan t odors upon combustion and/or attack fuel system elast oii eers. The high olefin

content could also deg rade the fuel therma l stability. In addition , if the cloud po in t

t o f the di esel fuel i s too high , wax crystals may form at low temperature and clog fuel

passages. I f the demulsification time is too long, it can lead to water induced corrosion .

• Ma intenance -- If the particulate matter level and/or filtration time of the Jet-A fuel

are too high , clogg ing, plugging, and/or erosion of the combustion equipment may occur.

Excess ive ash levels and other insolubles in the diesel fuel would have similar results .

And finally, i f the ac i dit y of the d iesel f uel i s too hi gh , or if either fuel contains

unacc eptable addi t ives , fuel instabilities , equ ipment corrosion , and /or equipment ma l-

function may occur.

5.3 A WEST COAST EXAMPLE: SAN DIEGO

5.3.1 A va il ab il it L

Fuel ava ilability in tne San Diego area is similar to that in Norfolk. The San Diego Pi pe-

l ine Company can receive product from the refineries listed in Table 5—2 , as show n in Fi gu re 5-1 .

As befo re , we no te that all of CONUS Zone 5 requires at most:

• DFM, 3.0 ~VlBBL/year

• J~-5 + JP-4 , 7.5 MMBBL /year (7.3 + 0.2)

The Arco refinery can Supply more than twice the amount of distillate fuel oil and 85 percent of

toe jet fuel listed above (assuming tha t the Arco refiner y jet fuel production is at least 89-percent

kerosine-based jet fuel*). The remaining jet fuel need can be supp lied 10 times oser by the Mobil ,

Shell , and Union refineries.

The d i sc uss i on above has us ed the 1973 data given in Appendix C, since these data ipply on a

consistent basis to both San Diego and Norfolk. More recent data are available for PAD 5 (West Coast

Un i ted States) alone. The production capacity within the states of California , Washington , and

Oregon has grown from 34.3 MMBBL per half year (taken from the 1973 data in Appendix C) to 43.2

MMBBL per half year for all or ne irl y all jet fuels. The increas e for disti l laf o f l  oil has been

from 38 MMBBL per n,ilf year (frorr Appendix C) to 4~’ .2 MMBBL for the came period.

*
Based on average refinery yields y fuel type in each PAD provi ded by the Bureau of Mines 

— ~ A



TABLE 5-2 .  PETRO LEUM COMPANIES WHICH CA N DELI VE R PRODUCT THROUGH
SAN DIEGO PIPELINE COMPAN Y TO SAN DIEGO a

Company Norma l Input Location

ARCO Carson , CA

Gulf Santa Fe Springs , CA

Mobil Torrance , CA

Powerine Santa Fe Springs , CA

Shell Carson , CA

Standard El Segundo , CA

Texaco Los Angeles , CA

Union Los Angeles , CA

aSource : Personal coninunication from Mr. C.B. Mitter of the
San Diego Pipel i ne Company

:1
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5.3.2 Ex~ te djg~ cts of UsJ p~~~ ail able Al ternates for DFM and JP-5

The pipel ine i.ystem supply ing petroleu m fuels to the San Diego area carries product’ . from

the B refineries of Companies “V and “Z ” and the El Segundo refinery of SoCal (fuels analyses are

included in Section 4). The production from either of these refineries is sufficient to suppl y the

Navy ’s needs in the San Diego area .

Diesel and Jet A fuel s from the B refineries have the same analysis as those from the A, refin-

eries , except that the B refinery diesel fuel satisfies the MILSPEC copper strip corros ion index cri-

terion and the B refinery Jet A fuel fails to meet the MILSPEC flash point criterion (>60°C) by 1O.to’C.

Thus , except for the safety problem , potential impacts of alternate fuels supplied via pipeline to

the Norfolk area are directly app licable to the alternate fuels suppl ied from the B refineries to ti,

San Diego area .

For the El Segundo refinery, the alternates could be Number 2 heating oil and Jet A. W ith

respect to the DFM MILSPEC criteri a , Number 2 heating oil (CH-2 on Table 4—7) differs from the

A refinery diesel fuel from Company “V ” in that it is not checked for appearance. On the other hand .

CH—2 not only meets criteria which are met by the A refinery diesel fuel , but also meets cri teria

for loss and residue , copper strip corrosion index , and ash leve l . Thus , the potentia l for problems

with CH-2 is onl y sli ghtly less than it is for Company “Y ’ s” product and the two DFM alternates

could be expected to have similar impacts on combustion equipment.

With respect to the JP-5 MILSPEC , the El Segundo Jet A diff i rs from the A refinery Jet A in

that it fails the flash point cr iter io n by about one half degree C more (El Segundo Jet A ix 11. 1 ‘C .

Refinery A’ s criterion is J0.5~C), the freezing point criterion (.c -~ 6°C) by 1°C , and the mercaptan 1ev-

el criterion (~O.0Ol percent by wei ght) by as much as a factor of 1 . In addition , the riio dif ied water

separation index has not been measured. On the other hand the El Segundo Jet A satisfies the

MILSPEC for olefin content , particulate matter level , and filtration time , which refinery A does not

measure for fts Jet A. Thus , the impacts of the two JP-5 alternates would differ. With the El Segundo

product there say be problems with polar material which could disarm coalescers. In addition , at

low temperatures , ice crystals nay form and restrict fuel flow . On the other hand , this fuel ~iu ld

not be a po cential source of odors , and it should not promote clogg ing , plugging , and/or erosion of

combustion equ ip r or t

‘,-IO
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5.4 FUEL PRICE DATA

Table 5— 3 l ists price dat , ~ c i v i l i a n  fuels purchased in quantity lots * during the January—

June 1976 t ,r~~~:er iod . Na overall u~’vr price per barr el was av ai lab l e for this period from DFSC for

specific r eqior ’, . However , procure ment data for specific refineries indicate that DFSC paid:

• For DEM , friji’ $lZ . 1 P / l f L  to S13.52/BBL ; cost fuel procured at $l2.60/BBL or less

• For JP- 5 , from $ll.26/NBL to $15.l6/BBL ; most fuel procured at between 512.60/RBL and

$13. 4~,iP~ L

These data show that DFSC prices and quantity lot commercial prices were not disparate for DFM and

Number 2 diesel fuel and heating oil , but that ,JP-5 prices were slightly higher than Jet A/Al prices

in comparable purchase quantities .

5.5 SUt’V’IARY

This section has shown that a sufficient supply of commercial fuel alternatives is readily

avai lab le  to more than supply the entire needs of the bases in the Norfolk and San Diego areas. It

has also shown that DFSC prices during the first half of 1976 did not differ significantly from

prices paid for comparable c i v i l i a n  fuels.

Both Norfolk and San Diego are served by a pipeline that is connected to several refineries.

When 1 custome r purchases fuel from the pipeline comp a ny, he generally does not know which refinery ’ s

product he will obtain. The pipeline company schedules purchase , Pipel ine flow , and distribution to

the customer to opt inhi ze its own operation , within the constraint of provid ing the correct grade of

fuel. Therefore , the properties of the delivered fuel are not completely known , and , in fact, the

batch may contain fuel from more than one refinery . The discussion in this section about the possible

impact on Navy combustion equipment of using locall y available civilian fuels assume s that the Nav y

can arrange for the pipeline company to Supply it with fuel that does, i n fact , come from a spec i f ie d

refinery.

Fuel specification data were available for civilian counterparts to both DFM and JP— S frh rf

‘i i re finery connected to Colonia l Pipeline , wh ich services the Norfoll area , an d two that ire connec-

~ed to San tnci Pipeline. In both areas of the country , the output of c i vilian counterpart fuels

was a’, ‘re at . ,r qr”ater than , the Navy ’ s demand in that enti re DFSC region . With one exception

~flas hpoint of ~he Je t A from both refineries ), the fuels meet the MILSPEC ’ s for virtually every

L i  sizes comparable to DFSC procurement quantities
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TABLE 5-3 . CIVILIAN FUEL PRICES FOR QUANTITY PURCHASES

Kero . Based No. 2 HeatingLocation Jet Fuel Oil No. 2 Diesel Fuel

Cont iguous U.S. 11.34 — 13.23 12.30 — 13.27 12.85 — 13.88

Pacific Coast 13.10 — 13.20 12.51 — 12.77 13.63 — 13. 77

Middle Atlantic 11 .80—12.33  13.02 —13 .27  13.14 —13 .88

Source : Bureau of Labor Statist ics , Department of Labor
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t i, a r t  t r j t  ~, 5 ‘c . su ed and , ‘ t j  o i l y fail to qua Ii f y as ~ it or Jl’ —5 ‘ec ,.o,c they a V e  not

v t  t~ ‘ CS ’ S  f r ’ .O ’C of tn t i e v en t s , b r i a r ’ Iv  !,ir tenanc e 1 ‘v t’ .

To suiriiiari /e then , substant ia l  quant i t i e s  ‘ fue l similar to DIM and JP -t are a~ a i1 ab l e in

both the 5~ li’ k an d San Diego areas. The jet f a i l s  available fcc two large refineries, each of

which can indivi du ally satisfy a ll of the ‘bay, ’ s needs in the San Diego area via pipeline from Los

Angeles . do not meet the M IL ’,t [L req uirem ent for ‘las h point. These jet fuels , as well as simi la r

fuel from .i lar ie refine ry that can sati’,f y the Navy ’ s needs in Norfolk , and Num ber 2 fuel oi l or

d iesel fuel from the Los Angeles refin eri es all f i l  to fleet the M ILSPEC , as arr~ rt l y sol d , because

they have not been tested for ‘, eve rul of the specification elements included in the Ia1L~ PLL mainte-

nar i ce elements. Therefore , with some added precautions when using the fuel with lower flash poi rt

(or by acce pting a somewhat higher ri s k in a shortfall of JP-5 during a military emergency), tile

Nag , could tur n to counterpart civilian fuels in both geographic regions. At most , this could

imp act equi pment maintenance or long—term fuel storage stab i lity.

~1
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SECTION 6

CONCLUSIONS AND RECOMM E NDA T IONS

The purpose of tn~s study is to determine whether the Navy oul d avoid se’ ’ere pe rat inq

restrictions in the event of shortages in specification fuels by using other petroleu~ -b.sse d fue ls.

T he answe r to t hi s quest i on requ ir es knowledge of t he re la t ive  ,v~i i l a b i l i t y of rr ,ten tia l alternate

fuels , the physical and chemical characteristics of these alternates , dif ferences be twee n Nav y

and comparable civilian equipment or operating procedures that may lead to different fuel

requirements for the two types of users , and potential impacts on Navy fuel supply and combustion

equipment from the use of fuels which do not meet all tile stipulations of the military sp °ci ficatio ns .

A secon d question pertains to the relative cost of MILSPEC and alternate civilian fuels — is

DFSC paying more for fuel which meets military specifications than it would if it contracted f~ ” foul

which meets only civilian specifications (for comparable types of fuel).

The main conclusions which can be drawn from answers to the above questions are presented

below , followed by sumaries of the findings that support these conclusions. This section then

ends w ith recommendations of actions that should eventuall y lead to greater fuel flexibility

and studies related to fuel availability that shoul d aid the Nav y in prepar inq for fuel short-

ages.

6.1 PRIMARY CONCLUSIONS

The main conclus ions of this study are suninarized below:

• Conxriercial fuels exist which are similar to MILSPEC fuels; the conmierci al counterpart

fuels are used in comparable applications and have properties which may only differ from

those required of m ili’ ary fuels in a few areas. Specificall y

Some civilian counterpart fuels, a s del i ve red , satisf y ‘host elements of the MILSPECS

Delivered civilian fuels vary by supplier , but a given supplier tends to hive a

consiste nt fuel

6-1
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— Differences generall y are restr icted to the following parameters : safety (flash

point and ecplosiveness), additi v es , and properties for which limi ts are specified

by the ‘iili tary but not the civilian standards (i.e., “unmeasured properties ”).

• Fuel shortages have occurred , espec ally for JP-5 , but they have been localized , temp-

orary and not predictabl e’ , the on servative view is that this problem will rec ur wit h

increasing frequency , even thoug h ava ilability exceeds Navy demands at various times in

some parts of the world.

• JP-5 shortages will become worse if the Air Force switches to JP-6 (currentl y under

cons ideration),

• A substantial quantity of “comparable ’ coninerc ial fuel is available. Given this avail-

abi l i ty of al ternate fuels , the fact th it  fue l character is t ics vary from supplier to sup-

plier , and some recent experiences with fuel shortages , the Navy would be justified in

explo ring further any potential impacts on their fuel systems and combustion i. uipinent of

Usi ng Such alternates .

• Incremental fuel costs that could be related to the special requirements imposed by the

MILSPEC are unp redictable; currently they account for onl y a relatively small part of the

total cost.

6.2 SUMMARY OF RESULTS

6.2.1 Fuel Ava il abi li ty and Cost

• Careful anal ysis of DISC data confirmed the belief that the Navy (worldwide) currentl y

uses only a few percent of domestic production of boiler , diesel and turb ine fuels (2

pe rcent cf boiler , dic~ el and marine gas turbine fuels; 7 percent of kerosine-type jet

f1, t.,), Al though the Navy and its Sister services purchase only a few percent of the do-

mestic fuel product on , the DoD, as a whole, is the single largest ~,..roleum consumer in

the United States. Therefore the DoD has more influence in the fuels marketplace Th a n : it ’ ,

consu m pt ion f i j ures mi’~ht indicate.

, More distillate fue l that meets OEM military fuel specif ications is available than the

quantity delivered to DFSC by suppl iers ; the “excess ” amount available subst antially

exceeds cu rrent Navy requirements for DIM. An even larqer amount is available wh ich

sli ghtly misses meeting military s I t c i f i ,itionS (e.g., by about S~I on flashpoint) . 
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• If til e m i  tia l 10 .crceflt distillation fraction of Jet A/Al is :~m a r b c :  (1.1 . , t n ’

light end), the rema inder is (approximately) the same as a sample of .mP-~ . This m.rs’le

app roximation suggests that there is a substan tial production ca p a cit V for ,JP-S in the

Un i ted States in excess of Navy rDaI i renments.

• Spot shortages of JP-5 have occurred overseas , howeve r , and are likely to reoccur. ~e

are not aware of any mechanism at DISC to conmiunicate such prospective shortages t~ the

Navy. DFSC has begun to gather such data , but , because of the short’ term nature of

government petroleum product procurements , no suppl ier can or wi1~ pr ovide more than

tentative future plans , subject to the multi ple , i ndete rm inate , and complex future

influences of the marketplace upon each individual supplier.

• At tempts to allevia te future shortages of middle distillate fuels , such as DIM or

JP—5 , by tu rning to West Coast refineries processing Alas kan crude will not succeed

w ith current refinery configurations; sufficient advanced refinery capacity does not now

ex ist on the West Coast to process enoug h of the heavy Alaskan crude to meet the tctal

demand for middle distillate .

• The marketplace for petroleum products is neither a “sel le r ’s market ” nor a “buyer ’s

market.” Government actions - such as introducing a new specification for jet fuel and

preventing the sale of lead—contain ing gasoline — will influence segments of the

petroleum product marketplace (e.g., a switch to JP-8 may encourage some small refineries

to add reforming capability , and then produce onl y gasoline). No individual at DISC

suggested that DFSC had an organized policy-recon inendin g body considerin g these matters

and their implications for DFSC’s miss ion.

• There is a lack of detailed data publi cly available in compiled _ for m on t he locat i on and

size of fuel storage facilities outside the United States. There is also a general

concomitant lack of compiled data abou t the qualities of the fuels availabl e. The pro-

curement requirement goals of DFSC to date have not necessitated the gathering of these

overseas data in a compiled fornm which would be useful to the Navy .

6. 2 .2  Di f ferenc es Between Navy and Civ f l ian E~ui pment

Differ’ic ’’s between Navy m d  civilian combust ion equipment ,ir md operaf no rordi t ions l’ui d tm

cPi fferen t r e qu m rm’ m m en ts for the respective fuels r i m  the f o l l o w i ng  a r e a s :

• ‘ , , f ~~t ‘ 2n’’pn r ’ r,’ m imn ’ imf  S . I C I ’  mmiii ’,’ S t r ’ i i i m b i ’ f l f for Navy ¶ mu’ l s I ’ m  , i m j ’ .~ t i m e ’ chu ms sag

under r o t  ii , ’ uond n t ions
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• Fuel storage : Mus t  not degrade if stored for long periods. This places re stri cti or ”. On tilt

corinpositio n of the fuel and the permissible additives .

• Bun kering practices : Navy operations expose fuels to more water than do civilian

practices. This places limits on additives to insure that the water can be removed

effect i vel y and does not react chemically with the additive.

• Equi pment: Differences between Navy and civilian combustion systems which affect fuel

requirements can be adequately characterized by basic equipment types , as follows :

— Steam boilers : Smal ler tube clearances and hi gher combustion intensities

lead to more stringent requirements for allowable contamination levels

Diesel Eng ines : More severe load variation requirements lead to stricter limits on

cetanie number

A ircraft Gas Turbines: Hi gher altitude operations lead to more str ingent limits

on freeze point

6.2.3 Differences Between Characteristics of !y,,and Coni~~rable Civilian Fuels

• Some civ ilian fuels can be considered preferred alternates to Navy fuels because they

ei ther satisfy , or come close to sa tisfy ing, the m ilitary specifications and are

available in substantial quantities. These preferred alternates are :

- ‘ For DFM: Lighter di stillates such as Nurmbers 1 and 2 fuel oils and diesel fuels

— For JP-j: Jet A/Al

• Civilian fuels of a given grade must meet ASTM specifications for that grade . In

addition , most fuel suppl iers guarantee that their fuels will meet a published set of

the ir own spec i f i cat i ons , wh ich are usually more stringent than ASTM requirements . ASTM

and com pany spec ifications define li mit s , an d in fact, m os t fuels , as del i ve red , are

“be tter ” than these lim i ts — i.e., they come closer in practice to satisfying the

mi l n i ,mr y requirements than is indicated by the specification.

• Anal yses of actua l fuel samples of preferred alternates for DFM show that some fuels

exis t whose measured properties all satisfy the MILS PEC . However , the following were

no t measured and could deviate from the MILSPEC: demul sifi cation t ime , neutr a l i ty,

and permitted additives. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~



• An alyses of heavy fuel oil alte rnates to ~1i1 (e.ij ., Noo . 4, o , a’md t t,0.l oils) uni t m y ’ :’

the conclusions reached by comparing their ASIM specifications to DIM ‘ i.e., they deviate

from the MILSPEC in many areas. The most significant deviatio ns are vi scosity and con-

tan nm nants (particulate mn~ tter , etc.).

• Severa l samples of Jet A that were tested by fuel supplier ’ or the Bart les vill e ~,n m e ’ r ’ b5

Research Center (ERDA ) satisfied all the MILSP [C requirem stnt s f i n  those properties ~c m i ’,h

were m i measured. However , ex p los i ve n ess , ole fin content , aci d n um’mh n’r , and particulate m i t

ten ’ were not measured , nor was the presence or absence of any additives rm o t ed . A 1t hou m ~n

time important flashpoint criteria was not satisfied by a n ’j :m m h mm r of samples, all tne fu el s

analyzed met the MILSPEC criteria for distillation properties , frost comb uc t ion ‘o lerti ’s .

and a number of con tam i m ination levels.

6.2. .i Pote , mt  n i l  I m p a c t s  of V a r i , mhle ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

A l i m: m r  ted am i mo unt of i n f o n ” a t i o n  was obta ined about the ini mpact of var iab le  fuel proper t ies on

C mm m” l m u’ .t ionm pu ‘ erm ’ and fue l su bm p ly systems . This information indicated that t im e ru ,~or concer ns

of equi ‘ re f i t  r a r m u t ac tu ne rs  and users about the inipact of fue l quality on their systems are the fol -

( m ar ncJ :

• The c un’ re lat ion shown between reduced f lashpo int and increased instances of a i r c ra f t  f i re

• T’m r m r:p ’ rt .incc? of being within a prescri bed viscosity range to avoid prob lems with lubri-

c i t y ,  flam se stability . pump ing, and ato m ization

• The riced to i m l i n i r mm j z e  ,u lfur levels to reduce ccnrrosion in all typec of cmmm’ ml u stio n equi p -

• ‘hi’ f i t  t a t . insolu b le ’s can foul not only primary coimn hu st ion eq u n t m : me n m : . t o n  c m v  also

d on; t j~~l f l ow  p a s c a m m i ’’ . and f i l t e r s  that arm t designed to renmove them

6 ’ S  . iii ; o f 
~‘j m’ I IN, ( urd i r to Potential J~mmj~~c,ts

“ml  ~r rr , m t ” fuels cain be ranm ked i . follows:

• U r I c  with no impact these’ alternate fuels would not redm r , m: p ers ormn el ‘ l i l y and wi ’ 1 1

is’ ,h’ ;rade the cur ly .t ion equipment, its operation , a n t  f t c  pm ’ r t ’ m r ” s m n m c m ’  , ‘ r m ’ e me m m ,mi ’ I y

f u e l s  w h i c h  mimeet all MIESPEC en ter i,m would cause no r m m m pam ’f ’ , , ‘m m alt e rnat e

iri v e ’tmq a t e d in this ‘ .tud,y is know n to c o nmp le te l y 5 , 1 1 1 5 1 1  a l l  m, r r t n ’ ’  m a f i i ’ l~’ or P’— ’ .

mw , i n , a number mit f o i l s  p b s  the appr opriate MILSP (C t o m ’ a l l  m ’ s ’ , ms ur m ’I ‘ ! m m m ’ n ’ m ’ b i n ’ , a l l

would m , n m i ’,m ’ nm , m mm l i i i if m f i r m i n i m a ‘ ‘m r , if m mn ’ m mpn ’n ’ t i ’s are ‘ ‘ mim i t m  , m t  i t, t  y t i ,  ‘~ I ‘~~ m ‘ ,m l cc’ .

IS- ’ 
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• Fuels w i t h  son ime im n ipact - these alternate fuels would not reduce personnel safety. Tiey

nmay , howev e r , cause long-term degradation to equipment (i .e., corro’,ion, erosion , deposit’ ,

bu i ld -um , ‘, t c . ) ,  but these impacts can be reduced by increasing maintenance. Such alten-

nate fuels wou ld a lso  innpact perforn mmance in areas like fuel consumption and range , cnrmoke

ernm i s sion s , and cold start capability. Any fuel listed in the no-impact level would have

to se reclassified to this level i f souse of its unmeasured properties did riot meet the

M ILSPEC ~ni ter ia .  In addition , two diesel fuels (Exxon No. 2 and Chevron) whose proper-

ties were tabulated in Section 4 cou ld be used with min i m a l  impact, but no additional a 1 -

ternates to JP-5 have been ide n tifie d fur this i rrrpact leve l .

• Fuels vni t m m major impact ‘- these al ternate fuels could cause d i f f i cu l t ies  in maintaining

personnel safety , could requ i re signiticant niodificatio n is to Combustio n systems , or co u ld

render coim ibustion systems inoperative. Fuels which do not meet the MI LS PEC c r i te r ia  for

flashpoint and explosiveness (the latter pertains to jet fuel only) belong to this im-

pact level because of the increased hazard . Ilusr ’ w h i m tm , do not satisf y the MILS PEC l i m i t s

for vi scasity could require preheaters and/or pump nan ;e or cause lubrication problems .

Fue ls which do not meet c r i te r ia  for freeze po int, cloud point , or pour p o in t can reduce

fuel flow ~c low tem peratures , causing combustion insta b ilities or fla imm e Out. And fuels

wh i ch do not sat i sfy the requirements related to water ‘ reactivity leading to corrosive

compounds and ease of separating water and fuel — could cause fuel supply failures, In

addition , any fuel listed in the preceding impact l eve ls  would have to be reclassified

to this level if some of i ts  unmeasured propert ies failed the MILS PEC criteria assoc iated

with inm np a cts at this level. In general , both the very light fuels (i.e., No. I) and the

neavy ones (Nos. 4 to 6) could have a niajon impact on Navy systei nms or open ’at ions as de-

scribed here . In addition , sonie t b .  2 and Jet A/Al products fronm select companies also

fall into this category , usually because of a low flashpoint.

6 . 2 . 6  Spec i f i c  L aan m plm s of F uel F l e x i h iIit ~’

Substant ia l quant i t ies of fuel s imi lar  to DIM and JP — b are ava i lab le  in both the Ub orf o lk and

San Diego areas , The jet fuels available froirm two large Los Angel ic refineries , each of whi ch cain

indi v idu a lly satisfy all of the Navy ’ s needs in the San Diego area via pipeline , do riot sect the

MILSPEC re quir c ’rm ’rm t f~r f i 3sh po in t .  In addition , these jet fuels, as well as s in : i la r  fuels f ronv a

large ref inery that can s a t i ’ m l y  the Navy ’ s needs in Norfolk , and No. 2 fuel oil or diesel fuel fru it ’

the Los Angeles r’ fineries , all fail to sleet the M ILSPEC, as cu rrentl y sold, because they h,.~ m ’ r iot
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been tested for several of the rim aintenance specification elen mm ents included in toe MILS PUC. Them ’

fore, with some added precautions when using the fuel with lowe r fla shpoint (or by accepting a soni c-

what higher safe ty  r isk in a shortfal l of JP-5 during a m i l i t a r y  enmer cm ency ), the Navy could turn to

counte rpart  c i v i l i a n  fuels in both geographical regions. At most , this could impact equip mn ment ma in-

tenance or lena—term fuel storage stability .

o, 3 RECOMM ENDATIONS

6.3.1 Specific Act~o~s_ to Inc ase Al ~~~~~~~~~~~~~~~~~~ ty o r Acc~,ptab ilit y

Based on the conclusions presented above , Aerotherni reconsimends that the inav y :

• Develop a standardized fuel qualification procedure . T I m IS procedure should be c at ’atl e

of meeting specific needs, such as to test the potential impact of diverse additives on

m avy fuel systems and combustors , as well as the genera l needs of the shale oil prr,:ram ’ .

• Extend the proble nm definition phase of the fuels availability program t o :

Measure properties of alternate fuels (especially foreign) where not kn m u w r m .

Further explore t .J flexibility restrictions on a comm np any- hy-co nmpar m y bas is. This

should include iden itification of companies whose civilian counterpart fuel nmeet ’~ . or

nearl y meets , the MILSPECS and determination of the availability of such fu elc ,

• Conduct R&D to f ind solut ions for high ranking al ternate fuels (those that nearly r, v et

the MILSPEC). These solutions could include :

Minor equi pmen t c hanges to sh ip boa rd fuel and combust i on sys tem s

— Reevaluat ion of t i e  technical basis for the precise specification value

Identification of emergency condi tions for which existing alternates ma n le used mow

6.3. ;’ Add It io na l Fuel Su,ppj,y Data

As noted elsewhere , more fuel is available that meets t Im ’ M !LSP[C than is currentl y u ’,c”,J ¶s ’j

ttue Navy. Aerotherrn bel i eves it would be desirable for the Navy t i m  be in fmm rm’ v ’ I , i t ’ m m m m t  1 Cm ’ de t ,r n ls m t

th is “excess ’ supply. Therefore, we riconnmiend that the Navy identi , th ose r’ ,’t  I m m ’ i m ’ s  whn ’sr mdi  ‘ m l

product as actually marketed exceeds , im iee ts , or conies close t o  MIL lE t , rm ’m l mui re mmi ent s ‘ n’ (l~ Or iF-b ,

In addition , Aeroth enmnr has found tha t the Bureau of Mliii ’s amid t i l t ’  lEA have ,nim :,msse d i i’  t mmn ’ im m.i

ion about capacities , cnin fi qurat ions , and thro uqhp mm ts in the m i  ted ‘~i a m ’s p i t ‘ m m ’  1 r im l m i ’ . t m ’ ,’

Aer o the nm’ : bel ev e ’, that these ’ d,n t,,i would he useful t ’  t h m ’  N avy iii l u r i d  ta t ii m ’ m ; ‘n’ ~
y mu i ’ l m m ’ s  n t um ’ I

6-7
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availabi l i t , , and should be obtained. To this end we recotmimiend that liaison be initiated with t im , ’

Division of Petroleum and Natural Gas and the Division of Fuels Data of BuMines . Further , since

questions of fuel distribution capability are also important , suc h da ta d i rect l y related to Navy

needs should be compiled. These data include :

• Capacit y, location , arid ownership of pipelines

j • Refineries connected to these pipelines which could readily receive fuel fronm CONIES oil

we l ls

• Tile ordinary product mix (quantity arid specification ) produced using linui ted States crudes

as well a’, the nmax imim u nm potential m r m ,m du ’t ion of DFM and iF-S at these refineries

• Physical and legal corm straints on the pipe lines that may restrict their ability to satisf j

Nav y needs

it — It
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APPENDIX A

DFSC DATA FOR INDIVIDUAL FUELS

• DFM

• NSFO

• NDF

• Jp-5

• J P -4

A -i
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TABLE A - i .  FUEL AVAI LABILITY

EL19Z~i E1J~ L~ ELI9L6

• QUANTITY pF• I~c~ r~ (
~ f lLBL) 15 15 11

( CONUS)

• ‘~U~NT IT Y LIFTED TO NAVY
— VE~SLLS 0,7 5.2 16.0
— NO NVESSEL 3,1 2.7 3.~
- TOTAL 3 ,8 7.9 lO Ll

• QUP~T 1TY LIFTED , ALL SERVICE 9 ,6 11.3 22.6

• PERCENT OF ALL SERVICE LIFTI NGS WHICH WENT ~iO 70 86
TO THE NAVY

• DFSC COST , $ “LFU 14 ,06 6,13 11.32

A- 2
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TABLE A-2. FUEL AVAILABILITY

N~E~
FY 19714 FY 1975 FY 1976

• UUIIN1I TY PROCURED (~‘~‘~2LL) 15 10 0
(CO~US)

• Q UAN T ITY LIFTED TO NAVY

— VESSELS 14. 5 0.2 2 .2

— NONVESSEL 8.0 3.7 2,3

— TOTAL 12.5 14.0 2.5

• Uui~2LT Y LIFTED , ALL SERVICE 13.3 14.3 2.8

• PERCENT OF ALL SERVICE LIFTINGS WHICH WENT
TO THE NAVY 914 93 89

• DsP: COST, $/ERL 2,29 5.82 10.140

I

A-3
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TABLE A-3. FUEL AVAILABILITY

E1J.~Z~i EL19L ~ EIJ9L~

• ~ IA~fl ITY E 1 ’~U 2L ~’;LD ( I’2’1’2L) 36 13 0
(CC 2 US)

• O U A 2 T I T ’ m ’ L. LD TO NAV Y

- VES S EC S 17.14 11.2 0,8

— N0 NVc2 ~[L 14 , 9  2 0  —

— TOTAL 22,3 13.2

• OCAN T ITY LIFTED , ALL SERVICE 22,6 13.6 0.8

• PERCENT OF ALL SERVICE LIFTINGS WHICH WENT
TO THE NAVY 99 97 100

• DFSC COSL $/BBL 35.1 8,32 9.93
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TABLE A-4. FUEL AVAILABILITY

FY 1Y714 FY 1975 FY 1976

• Q UANTI f Y PROCURED (“D O3R L) 28 214 18

a U LAN T ITY LIFTED TO NAVY
— VESSELS 6 ,1 14. 6 4.1
— NONVESS [L 17.3 17.0 1C.7
— TOTAL 23 .14 2L5 2 2 .0

• 0 L ’ ~”CIITY LIFTED, ALL SERVICE 2 14. 3 22.2 21.5

• PERCENJ OF ALL SERVICE LIFTINGS WHICH WENT TO
THE NAVY 96 97 97

• DFSC COST, $/BBL ‘4 ,149 9.141 13.58

A- 5
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TABLE A-5. FUEL AVAILAB iLITY

JP-’4

EL19L~ EY 19L~ E119L~
• QUANTITY PROCURED ( Mr’~0lL) 126 110 76

(CON US)

• QUANTITY LIF 1ED TO NAVY
-. VESSELS 0 0 0

NONVES SEL 5.0 14 ,6 3 ,7

— TOTAL 5.0 14 ,6 3 .7

• QUA NTITY LIFTED, ALL SERVICE 108.6 96.8 94. 7

• FE NCE NT OF ALL SERVICE LIFT INGS WHICH W ENT TO
THE NAVY 5 5 ‘4

• DFSC COST , $/BBL ‘4.02 8,20 12 .72

A- 6
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APPENDIX B

DFSC LIFTINGS TO THE NAVY BY REGION

Tables B-i and B-2 show the quantities of JP—5 , DEN , NSFO , NDF , and

JP-4 lifted by DFSC to Navy vessels and nonvessels , respectively, during

calendar years 1974 and 1975 and fiscal years 1974 , 1975 , and 1 976. These

data were provided by DFSC and are broken down according to their worl dwide

regional boundaries .* Region 6, the CONUS , is subdivided into six zones.

Data which could not be assigned to a geographical region are given in a

separate column . Sumary columns show CONUS Navy nonvessel and vessel

liftings , worl dwide Navy nonvessel and vessel liftings , worldwide al1-service~
liftings and the percentage of worldwide Navy liftings relative to the all-

service liftings.

Tables B-3 and B-4 describe the extent of the geographically unassign-

able data (shown in the column headed with an asterisk in Tables B-i and B-2).

*Wor ldwide regional boundaries are given in Figure 2-2; CONUS boundaries are
shown in Figure 2-1

Armed serv ices plus NASA , the Federal Aviation Agency , and mi scel lan eou s
other agencies
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TABLE B-3. UNCERTAINTY IN GEOGRAPHICAL ASSIGNABILITY
OF FUEL LIFTED TO VESSELS , %

YEAR ENDING % OF THIS FUEL LIFTED
FUEL FY 74 FY 75 FY 76 TO VESSELS (FY 76)

- -

DFM 20 5 2 82

NSFO 21 100 14 8

NDF 18 0.4 7 100

JP-5 24 0.4 2 20

TABLE B-4. UNCERTAINTY IN GEOGRAPHICAL ASSIGNABI LITY
OF FUEL LIFTED TO NONVE SSEL , %

TOTAL UNCERTAINTY ALL NAVY
USE , BOTH VESSEL AND NON-

FUEL FY 74 FY 75 FY 76 VESSEL (IV 76)

DFM 43 52 48 10

NSFO 58 30 25 24

NEW 74 73 100 2

JP-5 15 9 4 4

JP-4 19 0.4 2 2
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OWNERSHIP , LOCATION , CAPACITY , AND AVERAGE DAILY OUTPUT OF U .S. REFINERIES , 1973

(In thousands of barrels)
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OWNERSHIP , LOCATION ) CAPACITY , AND AVERAGE DAILY OUTPUT OF U .S. REFINERIES , 1973 (Continued)

(In thousands of barrels)
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OWNERSHIP ) LOCATION , CAPACITY , AND AVERA GE DAILY OUTPUT OF U.S. REFINERIES , 1973 (Concluded)

( I n  thousands of barrels)
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Diesel fuel not availa ble , No. 2 oil equals 18,000.

State total percents may total more than 100 percent because operating capa-
city , supplied by the Bureau of Mines was used rather than total reported
capacity . Total reported capacity may or may not include shutdown capacity.

American Petrofina purchased this British/Standard of Ohio refinery on July
1 , 1973.

*
Union  Oil Company is also located in California. It ’ s refinery production of
jet fuel and of combined diesel and No. 2 heating oil is 15 ,000 bb ls a day for
each. Source : Mr. J. Hayt, Union Oil Company , Los An geles . California.

Source : 
-“The Structure of the U.S. Petroleum Industry ,” Special Subconii~ittee on Inte-

grated Oi l Opera tions , 1976.
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APPENDIX D

LIST OF MARINE FUE LS SOLD AROUND TH E WORLD BY
SHELL, CHEVRON , EXXON , GULF , AND TEXACO

.1
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‘1’ MGO IIDF BFO
1 . ATLANTIC REGION’

Canada
New Westm i ns ter, B.C. CGES CGES CGES
Vancouver , B.C. CESG CESG CESG
V i ctoria , B.C. CGES CGES CGES
Halifax , N,S. GETC ET ET
Montreal , Que . £STCG ESTG ESTCG
Quebec , Que . ECGS S ESC
Saint John , N .B. EC EC EC
St. Pierre Island C
Hami l ton S
Port Col borne , Ont . ES SE
Holyrood Refi nery S
Sarn i a , On t. ES ES ES
Sorel /Contrecoeur SGET SGET SGET
Sydney , N.S. GES S GS
Three Rivers GSE GSE
Toronto, Ont. GES GES
Port Hawkesbury , N.S. G G
Port Carti er, P.Q . G G
Clarkson G G
Sept Isle , Que . E E
Baie Comeau , Que . E E
St. Pierre et Mique lon S
Church i ll , Mani toba E
Point Tupper , N.S. G G

Icelan d
Reykjavik ES ES

Labrador (listed separately by DFSC)
Newfoundland

St. John ’s GES SE
Corner Brook G
Harbour Grace E

Bermu da S S
St. George ’ .’. E

Cana ry Islands
Las Pal ma s CSTG CSTG CSTG

Cape Verde Islands
St. Vincent E GE GE

A ruba
San Nicolas ES ES ES
Oran jestad E F E

LEGEND :
S = SHELL G = GULF E = EXXON MDF = MA RINE DIESEL FUEL
C CHEVRON I = TEXACO MGO = MARINE GAS-OIL BFO = BUNKER FUEL OIL

2



MGO MDF DF (.)

Bahama s
Freeport CTS CT~

Bar bados
Brid getowri E E E

Colom bi a
Cartagena E F E
Buenaven tura E E E

Domin i can Repub li c
Santo Domi nqo T I I

Jama ica
Gran d Caymen T
Ki ngston TSE TSE TSE
Montego Bay F

Puerto Rico
San Juan GTSEC GISEC
Guayan i lla GT G
Mayaguez T T
Ponce T T

Trinidad
Point Fortin S S S
Port of Spain SE SE SE

Venezuela
Puerto La Cruz GE GE GE
La Sau na E F E
Maraca ibo E F E
Caripito E F E
Amuay Bay E E E

Norway
Oslo E E E
Dramnen E F E
Stagenstagen E E F
Fredri ksta d E E E
Kristiansand , S. E F E
Stavan ger E E
Bergen E F E
Trondhein i E E E
Mo- ’i-Rana E E
Hars tad E E
Tromso E E
Honnirisvaag F F E
Oslo /Kambo E E E
Lan gesund E £ E

LEGEND:
S SHELL G = GULF E = EXXON MDF = MARINE DIESEL FUEL
C CHEVRON T = TEXACO MGO = MARINE GAS-OIL BFO = BUNKER FUEL OIL
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MGO MOE BEO

Portugal
Lisbon ETCS ETCS ETCS
Leixoes S S S

United Kingdom
Manchester GTE GTE GTE
Liverpool GSTE GSTE GSTE
Ellesrnere Port G G G
Swansea GE GE GE
Port Tal bot GTE GTE GTE
Cardiff GTE GTE GTE
Mi lford Haven GE GE GE
Barry GSTE GTE GSTE
Penarth G G G
Newport GE GE GE
Sharpness GE GE GE
Avonmo uth GSTE GTE GSTE
Bristol G G G
London GCTE GCTE GCTE
Grimsby G G G
Imingham GTE GTE GTE
Goole G C C
Hull GSTE GSTE GSTE
Mi ddlesborough GE GE GE
Sunderland GE GE GE
Leith G G G
Aberdeen STE STE SE
Ardossan S S 5
Belfast SE SE SE
Clyde S S S
Dover SE
Fa lmouth S S S
Finnart S S S
Grangemouth S S S
Great Yarmouth S S
Heysham S S S
Ip sw ich SE SE
Eastham S S
Tranmere S S ‘l
Isle of Grain S S S
Purfleet S S S
Shellhaven S S S
Thameshaven S S S
Londonderry S S

LEGEND:

S = SHELL G = GULF E = EXXON MDF = MARINE DIESEL FUEL
C = CHEVRON T = TEXACO MGO = MARINE GAS-OIL BFO = BUNKER FUEL OIL
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MGO MDF BED

United Kingdom (Continued)
Partington S S S
Stanlow S S S
Portslade S S
Southam pton SE SE SE
Swansea ST ST ST
leesport S S S
Tyne SE SE SE
Newport T T T
Pembroke I T T
Brighton E
Por tsmo u th E E £
Plymou th E E E
Portishead E E
Glasgow E F E
Dun dee E
Leith E F
Blyth £ E E
Hartlepool E £ E
Kings Lynn F E
Fel ixstowe E E

Spain
Pasajes ETCS C ETCS
Bflbao ETCSG C ETCSG
Santander ETCS C ETCS
Gijon ETCS C ETCS
Avi les ETC C ETC
Ferro l ETCS C ETCS
Ceuta TS TS IS
La Caruna ECTSG C ECTSG
Vigo ETCS C ETCS
Huelva ETCG C ETCG
Sev i l le  ETCS C ETCS
Cadiz ETCS C ETCS
Al gecira s ETCS C ETCS
Malaga ETCS C ETCS
Almeria ECS C ECS
Al icante ETS ETS
Valenc ’f a ETCS C ETCS
Caste llon ETS ETS
Terragona ETCS C ETCS
Barcelona ETCSG C ETCSG
Palma , Majorca ETCS C ETCS
Mahon , Mi nora ETCS C ETCS
Air neria T T
San t urc e C C C

LEGEND:
S = SHELL G GULF E EXXON MDF = MARIN E DIESEL FUEL
C CHEVR O N TEXAC O MGO = MARINE GAS-OIL BFO = BUNKER FUEL OIL
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(2) MGO ~!P.~I2. LATIN AMERICAN REGION —

Argentina
Buenos Ai res S S

Brazil
Recife ES ES
Rio de Janeiro ESG G ESG
Santos ESG G ESG
Rio Grande Do Sul ES ESG
Belem T T
Fortaleza T T
Manaus T T
Paranagua I I
Porto Alegre T I
Sa lvador T T
Sao Sebast io TG G TG
Vitoria T T

Guyana
Georgetown T T

Chi le
San Vicente E E
Valparaiso E E
Antofagasta ES ES
San Antonio ES ES
Punta Arenas ES ES

Equador
Guayaquil G G

Honduras
Puerto Cortes T T

Mexico
Tampico E E
Vera Cruz E E
Mi natit lan E E
Guayma s E E
Mazatlan £ E
M a n z a n i l l o  E E
S a l i n a  Cruz E E
Acapulco £ F

Panama
Balboa CGS CGS CGS
Cristobal CGS CGS CGS
St. Pierre Et Miguelon G
Colon E E E

Paraguay
Asuncion £ E

Uruguay
Montevideo SGE SGE SGE

LEGE ND:

S = SHELL G = GULF F = EXXON MDF = MARINE DIESEL FUEL
C = CHEVRON T TEXACO MGO = MARINE GAS-OIL BFO = BUNKER FUEL OIL
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f 3 \  MGO MOE BFO
3. EUROPE -AFRICAN REGION ’ /

Belgium
An twerp ECGST ECGT ECGST
Ghent ECGST ECGT ECGST
Ostende EG EG EG
Zeebrugge EG EG EG

Denma rk
Aal borg SE SE SE
Copenha gen SCE SCE SCE
Fredericia S S S
Klaksv i k  S S
Torshavn S S S
Aarhus GE GE GE
Freder’ikshavn C C G
Esbjerg GE GE GE
Sti gsnaes G G C
Kalundborg E E E
Solmundefjo rd E
Ostero E
Faroes E

Finland
Turku GS S GS
Hels ink i  CS S GS
Kotka CS S GS

France p

Ambes TSC G TSGC
Bayonne TSC C ISGC
Bordeaux TSC C TSGC
Donges TSC GE T SGEC
Dunkirk TSC GE TSGEC
Fos Sur Mer TS TS
La Pal l ice IS G TSG
Le Havre TSC GE TSGEC
Le Verdun TSC C TSGC
Lavera TSC TSC
Marseil les TSC TSC
Nantes TSC GE TSGEC
Paui llac TSC G TSGC
Rouen TSC GE TSGEC
St. Nazaire TSC E TSEC
Sete TSC G TSGC
Antifer S S
Berre S S

LEGEND:
S = SHELL C = GULF F = EXXON MDF = MARINE DIESEL FUEL
C = CHEVRON T = TEXACO MGO MARINE GAS-OIL IWO = BUNKER FUEL OIL
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MGO MDF BFO
France (Continued )

[a Mede S S
Petit Couronne S S

P Port St. Louis du Rhone S S
Port Jerome GE CE
Fos/ Lavera G C

Germany
Flensburg F E E
Luebeck ES ES ES
Travemuende ES ES ES
Kiel ES ES ES
Kiel Canal :  K’iel -Brunsbutt le ECST ECT ECT
Hamburg ECGST ECGST ECGST
Cuxhaven ECST EGST EGST
Breme rhaven EGST EGST ECST
Farge EGST EGST EGST
Va gesack EGST EGST EGST
Brerne n ECST EGST EGST
Brake ECST EGST EGST
Nordenham-Blexen EGST EGST ECST
Wi lhernshaven E F E
Emden EGS EGS EGS
Holtenau S S S

I re land
Cork SE S SE
Dub l i n SE SE SE

Netherlan ds
Ams terdam TSCCE TSGCE TSGCE
Rotterdam TSGCE TSGCE TSGCE
Flushing C C C

Sweden
Gothenburg ECS EGS EGS
Hels’ingburg EG C EG
Oxelosund E
Stockholm EGS GS EGS
Malmo CS CS CS
Trel leborg G G C
Karlshamn C C C
Gav le I I T
Halmstad T I I

Al geria
Al g iers I I I

Crete
St. Nicholas E F

LEGEND:
S = SHELL C = GULF E = EXXO N MOE = MARINE DIESEL FUEL
C = CHEVRON I - TEXACO MCO = MARINE GAS-OIL BFO = BUNKER } U E L O T t ,
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MGO MDF BFO
Italy

Augusta SCGE SCG SCGF
Genoa STCGE STCGE STCGE
Naples SGE SGE SGE
Trieste SGE SGE SCE
Venice SGE SGE SGE
La Spezia IGE ICE ICE
Leghorn TE TE TE
Milazzo T T T
Savona TGE ICE TGE
Vado T T T
I3ari £ E
Ravenna E E F
Cagliari Harbour F E E
Sarroch E E

Morocco
Agadir C C C
Casablanca C C

Tunisia
Tunis E F
Sfax GT CT GT

Turkey
Izmi t CT CT CT
Derince T I T
Istanbul T I T
Tutuncift lik T I T

Angola
Luanda SG SC
Lobito G C

Gabon
Port Gentil SC C SC

Ghana
Takoradi TS
Tema I

Ivory Coast
Abidjan STE STE STE

Kenya
Mombasa ETS ETS ETS

Malagasy Republic
Tamatave ETS ES ETS

Maurit ius
Port Louis FT ET FT

LEGEND:

S = SHELL C GULF E = EXXON MOE = MARINE DIESEL FUEL
c = CHEVRON I = TEXACO MGO = MARINE GAS-OIL BED = BUNKER F u EL OIL
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MCD MDF BFO
Nigeria

Lagos E E
Senegal

Daka r SEGC SEGC SEGC
Sierra Leone

Freetown S S S
Sou-~h & Southwest Africa• Durban GSTE GSTE CSTE

Capetown STE STE STE
East London S
Port Elizabeth ST ST
Richards Bay S S S
Walv is  Bay ST

Tanzania
Dar-Es -Sa laam T T

A den ICGSE TCGSE TCGSE
Bahra in-Mi na Sulman T T T

- Sitra T I I
Eritrea-Et hiopia

Assab ES ES ES
French Somali land

Ojibouti ESGT EST ESGT
I ran

Abadan EGSC EGSC EGSC
Bandar Mah-Shahr EGSCT EGSCT EGSCT
Kharg Island C EGSCT EGSCT

I rag
Basrah S S S

Kuwait
Mi na Al A hmadi C G

Lebanon
Sidon I
Beyrouth G C G

Saudia Arabia
Dammam CTE CTE CTE
Ras lanura CTE 

- 
CTE CTE

Jiddah TE IF TE
United Arab Republic

Suez CT CT CT
Port Said CTG CTG CTG
Alexandri a CTG CTG CTG

LEGEND .:
S SHELL C = GULF E = EXXO N MOE MARINE DIESEL FUEL
C = CHEVRON T TEXACO MGO = MARINE GAS-OIL BFO BUNKER FUEL OIL
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(4 )  M IWo
~~. ‘~ IFI C RU,G1~ t ’

Sri Lar ,~ , 1 ü’y lon )
Col ombo TSG TSG TS
Tr’uim . orna l ee C SG S

I nd i a
Bombay IC TC
Calcu tta IC IC
Coc~ in TC TC
Madras IC
Vizag apatam IC IC

Indonesia
Bal ik Pa pan S S S
Djakarta S S S
Pladju S S S
P. Sambu S S S
Sourabaya S S S

Malayasia
Penang TECS TCS TECS
Labuan S
Miri S S

Si ngapore
P. Bukom S S S
Port Jurong SE SE SE
I. Paga r E SCET SCET
Tandjong Penjuru CT CT CT
Harbor CT CT CT
Penang C C C
Pulau , Ayer Chawan E F F

Thailand
Bangkok TEGS TECS TECS
Sattahip E F F
Koh Sri hang E E E

Pakistan
Karachi EGSTC ECS EGSTC

Austral ia
Fremantle ETC FTC ETC
Burnie E
Adelaide ESTC ES ESTC
Port Stanvac E E F
Melbourne EGSTC EGSTC ECSTC

$ Geelong [ST ES EST
Port Kembla E E
Botany Bay ETC ETC

LEGEND :
S = SHELL C GULF E EXXON MOE = MARINE DIESEL FUEL
C = CHEVRON T = TEXACO MCD MARINE GAS-OIL BFO BUNKE R FUEL OIL
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Australia (Continued)
Sydney EGSTC GST EGSTC
Newcastle EGSTC GS EGSTC
Brisbane ESTC S ESTC
Tow nsvi lle ESC S ESC
Cairus SIC S STC
A lbany SC S SIC
Darwi n S S S
Geraldton S 5 5
Hobart SIC S STC
Port Kembl a S S 5
Portland STC STC
Gladstone I C
Mackay IC TC

Japan
Iokyo/Chiba C EGTC EGIC
Yokohama /Kawasaki C EGC FCC
Kitmitsu/Sodegaura F E
Uraga/Yokosuka S ESTC ESTC
Nagoya/Yokka i chi CS EGS EGSC
Kobe/ Amagasaki GST ECSTC EGSTC
Kobe Port Island E F
Sakai /Hannan E F
Kishiwada F E
Shiniotsu/Kainan C EG EG
Aioi/ Himej i F F
Higashi/ Harima F F
Hirohata/Sh ikama G EG EC
Kakogawa/Onomichi C EG EC
Miha ra/Fukuyama C EG EG
Tsuneishi/Innoshima E F
Kure/ Mukaishima G EG EG
Kanokawa E F
Kudamatsu F E
Tokuyama/Kasado C EG EG
Iwakun i/Sakai de E F
Takamatsu/Ni ihama E F
Ki kuma /Imahar i E F
Matsuyama F E
Uno/Tamano E F
Mizush ima/Ube F F
Hiroshima E F
Kokura/Mak iyama F E
Moji /Yawata GST EGSTC FGSTC
Kanda / Matsure E F

LEGEND .
S = SHELL C = GULF E EXXON MOE = MARINE DIESEL FUEL
C = CHEVRON T TEXACO MGO = MARINE GAS-OIL BED = BUNKER FUEL OIL
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MCD MOE BFO
Japan (Continued)

Shimonoseki /Tob ata S ESTC ESTC
Wakamatsu/Kurosak i S ESIC ESIC
Osaka CS GSTC GSTC
Hakodate S S S
Nagasaki S S S
Sasebo S S S
Yokohama S ST ST
Yawata C C

Korea
Inchon CTG CIG CTG
Pusa n CTG CTG CTG
Ulsan CT CT CT
Yosu CT CT CT
Wulsan C G G

New Guinea
Lae TC
Madang TC
Port More s by IC
Wewak IC

New Zealand
Auckland CISCE CISGE CTSCE
Bluff CTSE CTSE
DUflPI~1fl CTSE CTSE
Lytt leton CTSE CTSE
Mount Mauviganui CISE CTSE
Napier CTSE CTSE
Nelson CTS CIS
New Plymouth CTSE CISE
Well ington CTSCE CTSGE CTSGE
Whangarei CTSE CTSE
Refinery Wharf CT
Tirnaru F E

Phil ippines
Cebu ESTC ESTC
Man ila ESTC [SIC
Da vao S S
Iloilo S S
Batangas IC IC

Ryukyus -Okinawa
Naha F F

Ta iwan
Kaohs’iung G EG EG
Keelung C EG [C
Hual ien C EG FG

LEGEND:
S = SHELL C = GUL F E = EXXON MOE = MARiNE O1ESEL FUEL
C = CHEVRON I = TEXACO MCD = MARINE GAS-OIL BFO = BUNKER FUEL OIL
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American Samoa
Pago Pago C

Fiji Islands
Suva ES S ES

Hawaii
Honolulu CG CC

5. CONT INENTAL UNITED STATES REGION~~
Connecticut

Grc’ton C
New Haven G

Ma i n e
Portland EG TC T ECSTC

Massachusettes
Boston TE T TE
Gloucester G

Rhode Island
Providence TGE T

New Jersey
Westvi lle I T T
Paulsboro E E F

New York
New York EG CI ECSCT EGSCT

Maryland
Baltimore [C CT FGSCT EGSCT

Pennsyl vania
Phi ladelphia T CE CTSGF CTSGE

Virginia
Norfolk EG IC ECSTC FGSIC

A labama
Mobi le ECT CT GT

Florida
Jacksonvil le CE CE CE
Tampa TCGE F TCCE
Fernandina CE CE CE
Miami CF CE CE
Port Canaveral CE C CE
Port Everglades CE CE CE
Port Manatee CGE C CGE
Port Tampa CE CE CE
Key West C
Pensacola G C
West Palm Beach F F

LEG END:

S = SHELL C = GULF F = EXXON MDF = MARINE DIESEL FUEL
C = CHEVRO N I = TEXACO MCD = MARINE GAS-OIL IWO = BUNKER FUEL OIL
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MGO MEW IWO
Georg i a

Savannah CECT EC [C
Brunswick EC [C EC
Kings Bay EC EC EC

Louisiana
Baton Rouge [C E F
Burnside E F E

• Gramercy E F F
New Orleans EGCT EGCTS EGCTS
Ostr ica G

C Lake Charles T T CT
Convent I

Mis s i s s ipp i
Pascagoula IC T IC

North Carolina
Morehead City F
Wilmi ngton [CT EC

South Carol i na
Charleston TGE TGE

Michigan
Detroit FCC GC EGC

M i nnesota
Duluth GE GE

Ohio
Cleveland [C FG
Toledo EC EG

W i sconsin
Super io r  CF GE

Texas
Port Arthur IG I IC
Beaumont IC T TGF
Corpus Christi CGE C ICC
Galveston IGE TSGE TSGE
Houston TCGE TSCGE TSCGF
Texas City CE CF CE
Orange C C
Baytown E E F
Freeport E F E
Point Comfort F ‘-l

Brownsville F
California 4

Long Beach F F
Los Angeles Harbor EGCT EGCST EGCST
San Francisco EGCT EGCS I
Eureka C C

LEGEND:

S = SHE LL C = GULF E = EXXON MDF = MARINE DIESEL FUEL
C = CHE V RON I TEXACO MCD = MARINE GAS -OIL IWO = BUNKER FUEL OIL
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MGO MOE BE D
Oregon

As tor ia TCG TG TCG
Portland ICC I TSCG

Washi  ngton
Aberdeen CC
Bellingham GCT I CCI
Longview CCI I GCT

• Seattle GCT I GCST
Tacoma CI I CI
Anacortes T T ST
Everett I I T
Olym p ia T I I
Port Angeles I I I
Vancouver T I I

Alaska
Cordova C
Dutch Harbor C
Juneau C
Ketc hi kan C

.

~~

.1
LEGEND:

S = SHELL C = GULF E = EXXON MOE = MARINE DIESEL FUEL
C CHEVRON T = TEXACO MGO = MARINE GAS-OIL BFO = BUNKER FUEL OIL
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(1) These areas have no listed ports in DFSC Region 1 C

Greenland Haiti
Ascension Islan ds Leeward Islands
Azores Virgin Islands
Costa Rica Windward Islands
Cuba

(2 ) These areas have no listed ports in DFSC Region 2

Bolivia Panama Cana l Zone
El Salvador Peru
Guatemala Suri nam
Ni caragua

(3) These areas have no listed ports in DFSC Region 3

Andora Luxembourg
Austria Liechtenstein
Norway (Norway included in this DFSC Region as well as in Region 1:

Atlantic Area )
Swi tzerland
United Kingdom (United Kingdom included in this DFSC Region as well as

in Reg ion 1: At lant ic Area )
Cyprus
Egypt (Egypt included in this DFSC Region as United Arab Republic)
Gibra l tar
Greece
Portugal
San Marina (listed sepa rately by DFSC)
Sardinia (listed separately by DFSC)
Sicily (listed sepa rately by DFSC)
Syria
Spain (Spain is included in this DFSC Region as well as in Region 1:

Atlantic Area )
Yugos lavia Guinea
Burundi Equatori a l Guinea
Cameroon Kenya
Central African Rep. Lesotho
Chad Liberia
Brazza Mal i
Congo , Repub l ic of Malawi
Dahomey Mauritania
Gambia Ni ger

0-17
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(3) (Continued)

Rwari da Jordan
Seychel les Is lan ds Oman
Swaziland Quata r
Togo Saudi Arabian Nationa l Guard
Uganda Soma li Republic
Upper Vol ta Somal ia
Zaire Southern Yemen
Zambia Sudan
Afghanistan United Arab Emi rates
Israel Yemen

(4) These areas have no lis ted ports in DFSC Region 4

Burma Laos
Bhu tan Mald ive  I s lan d
Brune i Ne pal
Khmer Republic Ta ipei
Diego Garcia V ietnam
East Pakistan Antartica Terri tories
Hong Kong Guam
Indochina

(5) These areas have no listed ports in DFSC Region 6

New Hampshire Colorado
Vermont Montana
Delaware North Dakota
District of Columb ia South Dakota
West Vi rginia Utah
Kentucky Wyoming
Tennessee Arkansas
Illinois Louisiana
Ind iana New Mexico
Iowa Oklahoma
Kansas Ari zona
Missouri Nevada
Nebraska Idaho

0-18 
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APPENDIX E

MILSPEC FUEL ADDITIVES

m i s  ~ipp end ix presents both the MILSPEC restrictions and the requirements for additives for

OFM and JP-5. This information supports those tables in Section 4 which show comparisons between

military and civilian fuel specifications and are given here , ra ther than on the tables , to avo i d

ma king the tables overly complex.

An tioxidants

Any of the follow i ng active inhibitors may be blended separately or in combination into JP-5

(as we ll as JP-4 and JP —8) in total concentrations not to exceed 8.4 pounds of inhibitor (not in-

clud ing weight of solvent ) per 1 ,000 barrels of fuel (9.1 g/lOO gas (US)), in order to prevent the

formation of gum . Additiv es a through f, inclus i ve , are also permitted in OEM.

a. N ,1~ d i i s o p r o p y l_ p _ p h e n y l e n e d i dnhi ne A

b . N .’~~-d i_ sec -b u ty l_ p ~ pheny lened iam ine

c. 2 ,6-di -tert-buty l -4-methyl phenol

d. 6-tert-buty l-2 ,4-di methylpheno l

e. 2,6-di-te rt-bu tylphen ol

f. 75 percent rnin -2 ,6-di-tert-buty lphe nol
25 percent max tert-buty lpheno ls and tr i-tert-buty 1pheno 1’~’

g. 72 percent mm 6-tert-buty l-2 ,4-din’iethypheno l
28 percent max tert-b utyl-niethy lpheno ls and tert_buty l_ dim eth ylphe nol s *

h. 55 percent mm 6-tert-buty 1-2 ,4-d ime thyl phenol
45 percent ~ax m ixture of tert-buty lphenols and di-tert-bu tylphen ols~

i. 65 percent N ,N _ di_ sec_ butyl _p_pheny lenedian h i ne
35 percent N ,N _ di_ sec _buty l_ o_pheny le ned i am i ne

j. 60 to 80 percent 2,6-di a lk yiphe nol s
20 to 40 percent mixture of 2,3,6-trialky ipheno ls and 2,4.i- tri a lky lph nno ls

*
These are al~ I, x~ res s 1y per mit ted in Jet A/A l  and Jet B.

[-1
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k , 35 percent r - f l  2 ,6-di-te rt-buty l-4 -methyl phenol
65 ;er~t n t mdx m ixture of methyl- , ethy l- , and dinm ethy l-tert- buty lphen ols

1. 60 percent mm 2 ,4-di-tert-butylph eno l
4~ ;i - ~’ it r.i x ~i x tL I rO  of tert—butylpheno ls

n . 30 Li ’ ’ :e nr n.m ml u n ’  of ,3 ,t - t r imet hylpheno] arid 2 ,4 ,b- trin ne thy lp henol
7) ‘e ’ ~. ’ max mi xt u n ’i.~ of diri eth yiph enols

Ii . !~~n pe’ cu t  in nil xtur t~ of 2 ,4 ,~.- t r i i s o p r o p y l p h e n o l  and 2 ,4 ,6-tri is opropy lm uii-’ i m
35 ..~~ r e ’ - ’ a~ r’mi’ - ,n e of other isopropy ipheno ls and b iph e no l s

Meta) t.ed ct i~ a t r

A metal deac ti va tor , N ,N - d isal icy lidene-l ,2 propanediamine , may be blended into JP-5 (also

JP-4 , JP-8 , Jet A/Al , and Jet B) and DFM in an amount not to exceed 2 pounds active ingred ient per

1 ,000 barre ls of fuel (2.2 g/ lO O gal (US)). In addition N ,N -d isal icylidene -l , 2-cy clohexanedi a-

m ine may be blended into all these jet fuels up to the same 2 lb/ l ,000 barrel l imit.

Corrosion In hibitor

CC4 corrosion inhibitor conform ing to MIL-l-2501 7 shall be blended into the JP-4 fuel rand

JP-8, too , author] by the supplier . The amount added shall be equal to or greater than the mini-

mum effective concentration and shall not exceed the maximum allowable concentration listed in the

la test revision of QPL-25017. Unless prio r ~i;;~rov ol has been obtained from the procuring activity ,

a corrosion i n h i b i t o r  conforming to M IL- !-250l7 shall not be added to JP-S grade fuel by either t Ii~

s u p p l i e r  or transporting Cnq e nL 3 . The supplier or the transporting agency , or both , s ha ll maintain

and upon request sha ll make availab l e to the Government evidence that the corrosion inhibitors used

are equa l in every respect to the qu ulified ~n’oducts listed in QPL_25017. ”* These products are :

- iiF,~ I

Lubr iiol 541

Tolad

Tola ci /45

— PRI 19

Hitec E515 (Sain t - C)

- Hitec S)~ (~~int - - M)

Quoted fr o i l  Mt L - 1-mb/ - i’

[-7
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Na lc o 5400A

- Nalco 5401

- Connco r-60

- - DC1-4

- Unicor 5

Corrosion i n h i b i t o r s  are not required for Jet A/Al Or Jet B.

Fuel ~~ stenm Icinj Inhi b ito r

The MILSPECs require tha t both OEM and JP-5 contain a fuel system icing inhibi tor ( FS I I )  w h i b

conforms to MIL-I-27686. ASTM specifications do not require such an additive.

The following ignition inoprovers are permitted for OEM:

• Amumy l nitrate (mixed primary nitrates)

• Hexy l nitrate (N-hexy l nitrate)

• Cyclohexyl nitrate

1 -3
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APPEND iX F

SUMMARY OF EXPERIENCES WITH VARYING PROPERTIES OF
BOILER , DIESEL , AND GAS TURBINE FUELS

This appendix presents the information Aerot mmeu ’m obtained fr jmm , combustion cquicm c-nt ver .J .rs

and the literature on observed impacts when burnin g fuels with vary ing propert io ,-s . The d i s c L s ~~i O r L

i ; divided by equip ment type and gisi ’s more detail than the Lu lmoca ry included in Section 4. The /111-

pose of this appendix is to present all the readily availabl e data on these types of :mpaCt. 0 one

p lace and not to anal yze it; hence much of the in for m ation is presented as direct quotes- ~~~ ‘.)l t i-i-

reports.

The following format was used to present Inost data for each sp e c i f i c a t i o n  ele m e n t t h a t we

found informa tion on.

• Spec i r m cat i on el eroent - 0 1 1 0 0  ) 
-

‘

Purpose: The reason a limi t is specified for this fuel characteristic is explained tr iu- ~~

Specification : The i tual limits imposed by the relevant MILSPEC are qiv en here ,

A suninary statem en t is presented here whi ch ident i fi c -, (I) the type of impact that hao

been encountered when no n c onm ply ini-; fuels are used or (/) the equi~ u ioni t or operat o n .

chan ge that. may be necessary to use the fuel , Sunimmary statements are generall y foi l-

Iowed b y quotati onos fronm the literature that supp oi ’t the state imi ent.

Each data sourco is iden tified by its -eference number in the l i s t  at t t l i-  end L I this n~~~t l l i l~~.

Experience s it h V ar~~in9 rqperti .-c o f  Raft er Fut~1s

• V i s o , m t

Pur~~o .‘ to 1 J O . -  0 m o m - n I f t y .  com bust ion qual i t y ,  lubri city

S p m - m  m ’ o c . m ’ no f l :  M~ - u ’ ‘ wt ’ i’i i  1.8 tu 4.5 cSt at 38CC

m l  ial l l r n ( J i u t  1 0,05 10 .10 t o  f l i c o s t i r y  rn additi on t o o  ; o p o i ) o m - a t  m y  h r  - ‘ ~~m i f l q  m e n ’ ! , m n n

resmoI j~m ~,-i o i l . , k n ’ t , - r - o n u t ’  1 , ;o . 100)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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- M~~.t . 1 the low — - i l ’  j r residual fuels w i l l  com o:o- from pjr,jfb ill o c  ‘ ,. - ‘, .l .  - Some

Cf tb. f r : m y h — m e l t ..~i r d f f m n i c  o csnnp.,u rm d - ., ri the 4.44 - - - o r  IOJ ’ ’ 0 ’. - o n  C l r r  l o t -

res: mh ~u l fuels. Ti nt p a r aft nns may l i v e  a “x l ~~m ri : , ‘ , ; .  ‘~ it u -  ~?. ,‘ 8 C  ~- o : ; ,j 3  C.

It is thus d e s i r , o : - 1 ’ . w i t h  a N i .  4 o r  q~~, 5 oi l , t . -~ o~~ - Sor t t.,~ .’ 0 ’ n ’ ’ ’ O ~ ,‘ . :

.o~ the . , u c t m c r :  I) ne t r - d m r ler to ra ise t ime oi l  to o - I - ’ - r  ,,re I v  i-- -. ~~~~o i  1 o~ true

suc t i o n  l ine s t ra i ne r , preventi l i l w ax p l uyg mn q o f  t i .  so,ra n r u, r lou ’ ‘u - to ‘‘c l . 0 ’

course, require preheating in the ta nk to a r v ’ o - j ~ of 4 . 4-1 L t . -  t o  C ‘ , o m s  10 .

and tine possible w.i x p rec ip i ta te  is au tomat i ca l l y  o ’ n.’ t t e d .  It is .i - t ~ sable . - - con-

suit the fue l supoi l icr to dete rmine the wa x in g n: han ’ oi t e n  m S t  m cs f •~°~e t o i w -  - u i f  i n  i’

sidua ls.

‘The h iqfl-o ol e t , 43. 33°C to 54.44’L , l ow-su l fu r  fuels w i l l  require ,~r o o v i 5 i o l i s  IC,

hea ti r y the entire fuel system - trim tank to bur ne r , This mater ia l wil t  he sd ii

‘m mmv i room teim ~-en -atures . The question nnnust be a .ked , Have pr- ox osi on s tee ’ . mfl i 1c~

~ur ‘me j t  m g  every / a r t  of the . ys t oim mo? - For instance . no the event of .0 o u w i , t n  il -

use . t n e  fu~~t c u u l o l  solidif y in the pump—set. It will be necessary to heat ac~ n-t

t i oe O JIIL. .

“ It is poss ible that the high— mni el t fuels w i ll be quite thin at a f~w ole-I r t o ot.o -vi’

the suI tin g tem ’- ’erature. High suction line vacuum , .,hove 8 inches Hg could

vapor -  bubbles in the suction line. It is preferable tO o moun t the c i r c u l a t i n g  ~~,mr p -

lose i. pos lb I . to the storage tank with a m l ni im mun n suction ii m o e n - -  on - II -

-j round v t m n ’age is preferab le w i th  the pump ~dji eat to the ta n k ,

Punmp changes are necessary for heavier residua l fuel s t t l e f e n ’e rioe  1 , - . 100 )

Wn th liii h owe’ v i scos i t y  fue l ., the pump s must be purchased tor hand ling t i n t ’ - 0 -  -

v lscosiL ~ . In , ion ,’n , o l , a regular No. 6 fue l pum m n p would hdve exces lvi ’ elt- i n u inti”.

on . n m : o n m r l y ~numpin : t in, less visc ous fuels.

‘ P o r i n  n ’. t c’n :oI . n i t o ’ -  i o u  ‘la. 6 u I  t- .m minta in n tin n ’n. o w  v i 5 C n)5  t I n s  o l lb l. ~

w m l l  r 110.i p fror I ,  C t o 1 l 3 C .  I nn - n m n o l n n o u r ’ is n’ ’ -  r I  n - i  tO t o n  ~ 
b ~. ‘ l ‘Cl t - 17’

w i t  - ‘  - l o w  l i m O o ,  li i to - ‘ i  - hu m rio I iii o -, ,j b lou I . t b ’  en h i  u i  bme it n-I - - - i - on

l o w  v I scOs 0~ S o y  - .0 5’’ 1 t inn y - - t n t -  l i t  y o rn l m l mm (Re t - ‘ - - ‘ l i, I . -

T b’- - i l - n l i t -i l o t u l o - r u ,  to t n - o l d  ~ 0 -  f 1 1mm ifl ,i .1 - n O -  t o t o ns i l m o n o  t i ’i In n, o o t t  ~n i l

w h, r o l ’ ~~ n~ m l  ~ o 5i ins i t  I - . ‘ o l i n  0 - - j )  i~ , h o l d m u m  ‘ ‘i’n 1 I 1 , 0 — m o t  n - I  ‘1 in’ . Io n.- • o° st , n tm  I m l

1 _p 
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has been known a- - gasifying ’ in residual hu r r -n - r -,. lb . ’ oil P.u .t j a ’ L n t~ ~v,n p o - r  t i - )

before it will burn . “Gas ifying ’ is a Imm isn om ime r and is mo ore p r mn 3 u- n - ., ca l le ,~’ ’  pul sat ion . .

Pulsation is o:au ”d by the fine drop lots bein g bt~iw r - 0 i~ t n - i the .1t coin .”-r O- ~ c i t - - n

primary or second.ory air streams. The droplet oo ~~o 1 u  some d f’ .t , i n- i- -m - w no , r , .’iI” ‘r - o : S

the nozzle ari d , in turn, ignite droplets closer to t i l e  no zzle , Tume I 1 -in c t u on .°ru is root

stable. The f1amnu ~ front can jump frono the back to the front o t c c~ boiler ~o .t r - . at

tunics , extreme vibration , noise and smoke. Indeed , tb” pulsation can beconroe Severe

enough to rorm a boiler from its base or extinguish the fliou oe .

Pulsation was a plague of residua l equipment and was cured through t inm - use of fThnm o u--

holders or stabilizing devices located in the il ro’i x n n u n t y  of the burner nozzle. Such

stabilizin g dev i co o s , swir l e o s or diverter s have beerm used for many years on

properly designed industrial boilers.

Another nm iethod of flairme stabilizing to elimi nat e p u lsation is t o o  induce suff ic me mi t.

swirl in either the primary cur secondar i sir streams , making a l con’o_~ oressure area in

front of the atomizer (a tornado effect). The low-pr c- °0 -.-ure area , in effect , holds

some of the spray in the low-pressure ce nter , thus s tab i l iz in ii ;  thu tlaru’P front.

Low -sulfur (<0.36 percent by weight) re- - idu a l fuel oils may need extens nv e preh eating

(Reference I , p. 99)

“It is possibl e fir the extren nely l ow — sul t ur , be low 0.36 pe n o n ’  no ’- , r(~- idua l t - ipu- f ucli.

to be solid at temperatures below 4 3 .33 C to 54 . 4 4 1.  On t t i u ~ other hand. l omw - ’.ul fur ,

),elow 2.5 percent, fuels can have phy si. al c h a r act o - rm s t ics similar to regu lar  r n - i d —

ual fuels. ’

1 uel T yp o and Sul fur Con ti-nit . Wt. 1-

hli gh Me lt No. 6 tr o to 5 . 3

- 
o.~ I Regula r 11 Regul .o r ~O u ’ o ,~~ - m n

Grav i t y , A l l  43 13 . 3 l i lt 0 . 1  17.0 1 7 . 9  . 1

V is . , 0 °~i @ 17 (e .xt r .ooi ) 1 ,3 20 I .1 lol l t , l°)Il Sb 56 .10
38”C 0

Sul f o ur , W t - Nil (I. of- 3.;’)? ?. 1 1.? 1. r ‘5

BSP,W Ni l  0. -I 3 . - 1 .? 0.? 0.? 
- 

1.1

Fl a sh . ~C /1 1 1 0 l i e  t n  1 - 1  °~

t’ oiur Po in t , ‘ C -I ‘ H (1 1 .1 -/3 - 
- - ‘ 3 - .

0
.1
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ojn - 3 ng I ’ ’  - ,j I’ • )~ • ,o v o v ’ o1u ’o) ~ h o c - n  th~ viscosity becomes ‘65 m : S t  ~kelo ’r’erice ?)

B u u r o , - n  a ’ - ° ; ‘ - ‘S 0 , 5 0 .’ d t ’ t  I .  j l t r t ~ . w m o ~~i o the v i scosity t o e 0 0 0 1 l i ’S  -3? o.~ t ( n o , t o  r—

rr .oL. t cm v i  scQSl ‘ -
~ 

n ’ o nj u ’ r i . -u  kc- to’r- enmo o- 1 , 
~~

. ‘99j

“A -ue - .irable v i sc o s I t y  -it the bur ner is certainly no l ;oor- - t han 32 eSt , .,oool 0 0 0 l l o h U S -

tm u n 03e v raIl . re o 3 u rr o a o n b c o s i t y  of 20.5 eSt wh i le su 3neri or or desirn ool e -.ooio to ~j~-

tion r, ,~~ n , o  ‘
~ vis cos ity of 13 o ;t- t o,r l e s s .  At the l n nw o r V f 5 C O ~~1t j ,  clo~ t to

nm - n o n  n ea l CO2 
-_ a n l be o;m, jin t aon ed wit inout snnoke , hug h e f f i c i e m n c j  is ex per o u - nn c - ’° l , and

thu - n n n t r r e  connbu h o - m o  SyS t em requires Is - ,s ruai nt e ina n ce 0uo~ t b lo w rm m b ls ‘OL o l. I ‘Cl ’~ ur ,

- inns i n s t a f l i t m o n  fir ic ,iOU-ib /hour s t s o o i o i , burns fuel a n a 13 c5 t vis c osi n y ~ n o n,’’ n’

a m no soot b luw e r- . . Approx imate l y  300 ,000 gal lons of o n l  are .i~~ed between nu z z le

c leaning.  F i res ide vo ,0 1 rononn dnce c o n sn s t o .  of 5 minutes pet week for e l e a n n u o g  t n n ~ 0 u c t  0 0 1 0

l a o  L u- r un n e r S .

i° r- .” - ” - ot recon miendations (Refere n ce 3)

Fue l Atomizer Preheat

xShl Mechanical 98°C

#5H Steanm /4 C

n i S lo  Rotary 38°C

°b Mechanica l 10/ C to l 1 3 0 C

#6 Steam /4 1. to 9 l C

iii Rotary 441.

L,ow viscosity ‘nay l oo n- m e lubrication pu’mil o ie i n ns w i t h o l n . d n  • c o u 000 p - .; centrr l;.~~n l  . o imn ~~
o .

~

are ro ot n n t ,o ‘n ’ )  ( 4.1 n - l i m O ,  u-’ 2)

• Sulfur

lur:,ose: To In n i f l morml! . -  l o i r  l o s  - I l l . ole3i 00 0. n t o , s t i c k  d m - 0c l iarge

4 3 o  - 01 ion : ‘:1 ( - i ’ ro t  f m- i  w’ ’ i q l n t

[‘ m o o t l , . o . o~ vu : t~ o ~ ;ol o r  o o n o t o r o t . - above 2.5 per u - n ot by w i ’ n - ,i - ’ l 4 o ’ O & ’ n ’  0

Fi re m b ’  - l e 3 ° - ~~~ t .  (f r i - o l o - f o n n o L t  , , O ,. ’l w O l i ~ o i~ o i ’ r ’ C o o n l t . 1 1 0 0 n r , n n m t b  S o n o  0’ ., n-I  0 or

101

T 1
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Economizer i irrosion if feedwater t’’ r o p u ’ r y to r m cm o ,
~~- , n o - l ow ~1~~# : n t  - 135 C

- Stack d isch a rge omay dam age mater ia ls  onn open O n- -,, 5

• Acid number

Purpose: To mirn imiz ” corrosion in fun ’) system (inetil com impo nents)

Soecification : <0.3

Modern refinery methods use acidless processes, so acidity is a va nishing proh lc”

(Reference 2)

• Carbon residue

Purpose: To minimiz e fouling, clogging, smoke , radiation

Specification : <0.2 percent by weight

- If carbon residu om exceeds 12.5 percent in conjunction with C/H2 o3 rulito-n ’ tha n 7

there may be unacceptable opacity with stack exhau st (Reference 2)

• As h

Purpose: To m t l inim in iz o ’ erosion and wear , depas its , clogging

Specification : <0.0115 percent by weight

At. about 0.01 percent , plu gging can occur between boiler tubes (R e f e r ” ’ -

No problem for comm ercial operat ions where gas f low is u’ ou,i l ly . 1 ) 5 -it °,,1 ft/sec

at crui se

Prob le m for no va I operat ions hecausn - gas f low approaches 351 f t / t u t c  olu r i~~, hi

speed operat morn’ ,

L x pe r ie nce  w i th Vary irm~,Pro [ou-r mi ’s ii I Di u- nc~ l F uel ’,

• Ce tane number

Purpose: To n-i n t af -i proper ignition L b o I p d  and , hence , fuel consum nm inti on

) t r  it ion : - 4 0 .

At . a c e t a n e  n u n - u s ,  o i l  40, the fuel rate ii rc a ’ , i- ’ t i l t ,  c nn I.- - i t  )al l ’,- 1 0 - l u l l  ted I i

0 0 m m :  i ) ui t _ : oo n- ’ o t • l o o t i ’ n o  d o l t - i  , t  n o n r o  is 1°ss o n l o o b o l u o I o - , C a uS in n i ‘,0li(i~~,’ . t t o n s  pt i o t l l i ’ l

n o t  o 0 m m  em fin,) m l  y wn iu- u o -~‘- o u ’ o t t  Il l - , oi l ’ - , o r - h  ‘, 3 ona - n ) ,nno o l / 10n 1 m iam I C root it  1 - O t i S  ‘. 1 ,  ‘ n I ’

o’nrce 4).

-ow ’ ’ n r o 3  o t t ,  - i -  ‘ o o o n 3 o n - ,  w i l l  n i l ’  s - t n t  rr ’r~ 0 t ’ o 0 i l . ’ 0 l I 0
~ n o  0 lii ion- _ n t  h i - n -  kn ’ u r ’i’ r io 0 0 5)

-. - . .. ~~~~ . i _ _ ~~~~~~~~~~~~~~ -‘P.-



• Distil t t  m ont t oo’:-,’’ t o rn’ , - ‘ io l  point

Purpose: A c ~~~~~ Ii iii t is spec i i ted to proc lid,; fuels I o bt a i n i ng  hard t u  y,o ,. o - r  I Z t ’  n o .1 -

lo ins , ~~‘ n c t ;  art ’ p r i o ’  to form deposits

S pec u f  ~1,, n i o n , ;  ‘185 ’ C

i l l JuLe 0 0 0 • 1  deposit fo rin ia t io nm than t y p i c a l  ~ : ° LI in the ml nlOj ~ o o r o t -  , lts. I 51.1 0 1 - -

t i .n i n o -no Sie r . This leads to a higher rate of piston seizure in eng n u os - s t .o ,~ t o i u o o ;  :0I M

-o urn tho;. e u s i n g  ~/ —0 (see T~ble~ F — l  , F—2 , and 1 — 3 )  (Ref s- o’u o  o to 0 -

• .Sul ..ir

1 0 0 ’ ,.’ lu r iom nu n nnze  cu r ios  ton , o l o o o o o , ; , i t s , lube oil i.o on. t n ’ n i n roa tiun

S p e c i f i - ; a n  ion: .m l .n, o nmen l t  b y y e n i ,ht

One o c r  m oun t is a reasonable operationa l l ii n ni t

Sulf o un ’ a t t a c k  n~ s i l v e r  components rnnay be reduced t o~ sod iuni tre oo t r &’no t . $ o ~1 0 1 . 0 ,  5~~1 7)

- - t i le m u rC.n I ,sOd corrosive wt-io r ~o l s n l  ~e’ be.1m’lr m o t  and .,mnst pine , in J m ~ ’ s u ’ i  t ’ ’ ; o  n o t  -

cau ’vo’ hu - use o o t  crude o i l  fue l hi gh in corros ive ~u l t u m , ca in be’ e ’ l i o l , l o o j t t ’oi i.oi t m n - ,Ob

i ng the 1 ubri cat n m g oil wf t 0 1 m o - C to l l u. sod i urn (or l ot s’,: uom m ) - F ru ’’ In sod uI- ’. ,~n ‘olO 0’

must be exposed corut i n ou i n m u ’.l y, 0.onlno’ rw iSe it becoinmes und c tuvat o’U toy .il.s .01 U l 0 n t t ’ ol 0 0  -

s u  on 1r. ’ o t ’ i o ,  t T hu .  e f f e c t)  v~ nes~ of sold m u li m was attr i m u t o - C i  to 15 00 ’ l~ r-o,- n m~’~ m o o ’ m ’ 0,

~lo rL0lo t ion o m l sod f u n ; sul phide r e l a t i v e  to s i l v e r  s ut  flu idi’ , nn io j  Sod iun ,o uu eli’ - I ‘0 , - n .nl

k a l n r o o - - reac t in  0. - n 0~~ and compounds do lot Inrotect Jl J d imoS t o i l  r uos iO fl u So Ct-I . b o I l  0,0—

o liui u id p and Inyd rox ide which protected in labon - a t lo l  y t es t s  but ‘.1 i l l  0 0 0 5 1  tO o tc

v ,n luat ,’ ,t in en gr ’ m e onu m l o j ro :o i u cn n . NIl de l e te r ious  t o o f t o  0 tO, Of l Ot’ Sod i i , io,  t n o . n t o o t - n t

w o r n’  obse r ted . -‘ 0 Sn’s - rables I —4 and I

Pi s t o o n o , o , o  , - m b , ’ ’. a u ’e - .u’ .~ e : ° t i b l u -  to co r ros iv e  , i t l d c i . of ~~l t u m  11. 1,’ I — u )

c O o , p. 4)

L o i n , - ,  ~,- . r  i n c n , ’ y m n - s  ~ 1n p 1  s u ll o n , as ~tuown by th~ f o J i l oo ~~ l l O o 3  ‘ e . t ‘ 0 ’ , , r n r  0’

l o t S  t ‘ io ,-l ‘, U l b o o i  I o o no tc °’ - t. - 1 4i - t ,‘u ’ ro. e It , 1 - I  31 ) .

- o i l  ‘ ‘ - , ( ~) 
t~o’ar (n ’i’~ ~l ~o’nl3)’) no ur -

O U .lO

1 0.10

2 11 t ?

0, 01

5 fl 3 °



TABLE F-i . IMPACT OF FUEL AND LUBRICANT ON PISTON RING FREEDOM : NUMBERS
OF TESTS RESULT I NG IN NO SEIZURE (“FREE’), iN SEIZURE UPON
COOLIN G , AND IN SEIZURE WHIL E RUNNING (“HOT S-IUCKu )a

______ _______ 
DFM ~~o_ f (-t ’ n ~flo I’ fuel : :n2_ D

Ring Free 
J 

Cold S L U Ck H~~
j  

Free J °
~~~~~~~ j  

stuck

REO 205 b

1 3 1 2 5 0 it.

2 5 0 1 6 0 0
3 5 1 0 6 0 0
4 6 0 0 6 0 0

Total 19 2 3 23 0

REO 203 b

1 6 0 0 6 0 0
2 6 0 0 6 0 0
3 6 0 0 6 0 0
4 6 0 0 6 0 0

Total 24 0 0 24 0 0

‘1 E~iqine : I o V5 3 T  a rtim y tank din ” t ’l ( k n o f t .~n ’ i 0 t i e n  I )

~~~~ 2O~~: L U (on’ 01 Is , Mi [-I ~~I ()4C

C V I  ) n i l ) u b t -

I - f

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



TABLE F-2. IMPACT OF FUEL AND LUBRICANT ON DEPOSITS IN THE BACK OF THE
PISTON RING GROOVE (percen t of space filled by carbon)d

____ 
DFM Referern.e Fuel: ~2~U

Ring Avg Avg
No. Max Av g (w/o Max ) Max Avg (w/ o Max )

REO

1 100 c ( 3 ) d 58 15 100 ’L. 21 6
2 10Q

C f 1 )  77 72 90 72 68
3 10~~C~ 1~ 27 12 40 19 15
4 10 2 1 3 1 <1

REO 203 b

3 1 1 15 F 7 5
2 85 63 59 75 70 69
3 20 12 11 5 4 3
4 0 0 0 0 0 0

d
El Ilir: ~V . 3T dm ’c.y l in k oIi e ~ el , Reference c

bRED 0 1~ mn 203 : Lube o i l  , M I L -  L - - ‘ I I)4C

100 Ho t n t o r 1 1 . ~o lum n lIb’ fill

lJ N t r  ~ 11 0 ~‘o1b t o i t t h i ’ ° ~~ S ind im d I m  number stuck



TABLE F-3. IMPACT OF FUEL AND LUBRI CAn~T ON CARBON DEPOSIT S
IN PISTON GROOVE ( inside diameter percent of ri ng
supporting carb on)d

DFM Ref No. 2 DF
Position

c i  w,o~~axJ~~~~~ ,~~~~~~~~ 
,i~~~.

REO 205b

Ring No. I

Thrust 1 00 (3) 50 0 100 (1) 17 0

Rear 100 (3) 57 13 1 00 (1) 17 0

Ant ithr ust 100 (3) 57 13 100 (1) 17 0

~ F~~~ t
__ 

7
--- 

~~C ( 1 )  U 
_ _ _

Ring No . 2

Thrust 100 (1) 49 39 100 49 2 4

Rear 100 (1) 68 51 90 42 32

Ant ithr ust 100 (1) 76 52 100 64 56

Front 100 (1) 62 43 100 57

REO 203b

Ring No. 1

Thrust 0 0 0 0 0 3

Rear 0 0 0 0 0 0

Antithrust 0 0 0 0 0 0

Front 0 0 0 0 0 0

Ring No . 2

Thrust 
‘P
~
’T 90 63 50 80 - 36 27

Rea r 85 52 4 5 60 18 9

Antit hrus t 100 58 49 100 49 b’J

Front 90 37 26 70 33 31

aEng ine : 6V53T army tank diesel (Reference 6)

bR[O 205, 203: Lube oils , M IL-L-2 lO4C

It
100 percent volume fill means the piston is stuck.

dNumber in pam eni th-up ses irm d i c a t em , nunn tner t .  ~ -

F’— 11
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TABLE F-4 . BEAKER TESTS OF SILVER STRIP IN 50/50 OIL/ FUEL MIXTU RES d

TEST ADDITIV [ METHOD RESULT

1 None - - - -  Silver blackened

2 Sodium , 3~ Sing le lum p of sodi um Si lver bl ackene d
stationary in bottom
of beaker. 14dd~ tion of
si lver delayed for 20
P11 n.

3 Sodium , 3~ Pellets of sodium agi - Silver bright
tated vigorously. Ad-
d i t ion of s i l ver de-
layed for 20 m m .

*SAE 40 diesel engine lubricating oil and Canadian crude (copp e r
strip ind~x: 4)

TABLE F -5. CORROSIVE WEAR TESTS IN 3~CYL. DIESEL ENGINE , 500 HR. RUNS

ENGINE: 65 Bh~
WEIGHT LOSS IN MG/CM 2 PH 

__________

COPPER-
SILVER LEAD

RUN ADDITIVE BEARING BEARINGS INITIAL FINAL

None Large Not 10.4 10.8
(blackened ) measured

2 Phenyl-,ilpha 13.7 0.4 10.4 3.9
nap hth ylcm noi ne (blackene d)

3 sodium pellets , 0.1 0.5 10.4 lO.Uo
50 g/qal. oil (bright)

4 Sodium 0.0 0.4 10.4 10.8
emulsion , (bright)
21 g/qal. oil

1-1 (1
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TABLE F-6. POSSIBLE SULFUR IMPACT a

Oil b Test Reason for
codes hours stopping test

Reference fuel : 1-2-D (0.42 . 5)

REO 205 209.5 OK - (exhaust
valve seat
breakage in
cylinder 2 R )

RED 203 210 Completed test

DFM ( l .2~ S)

REO 205 194 Power loss;
burned exh .
valve-2L

REO 203 196 Rising crank -
case p ressure
& blow-by
f low

dEngine: 6V531 arilly tank diesel (Reference 6 , p. 14)
bREO 205, 203: Lube oils , MIL-L-2l04C

I

F— l l



High sulfur fuels cain be used without excessive ring weur if high alk a li ne cy linder

lubrication oil is present. This is dennonstmated by the following result’ . ( R e f e r o - n u n-

13, p. 1-6-27).

Oil Al kal ni~~j~~ex j,~JJ~ 2896) Rin~~W~arJnan~fl~~QO houmsJ,

10 2.5

20 1.75

40 1.40

60 1.2 0

80 1.15

R ing wear is increased sli ghtl y, howeve r , as lube oil alkal inity is ~~ n - eas e-u wbOC!:

low sul fur fuels ale used . This is shown below (Reference 8, p. 1-6-27).

10 0.15

20 0.20

40 0.25

60 0.30

80 0.35

• Accele rated stability , i nsolubles

e. To inm nprove storage stability , thereby decreasing deposits and ‘t i c k i m o m ~ of m ud

mr :J e ’ Oo to r s ,  va lves . arid pistons

S p e c i f i c a t i o n : - 2 . 5 my/ 100 nil

o~m Jnl t0 - o ’nn~t Ion and insolubles (Reference 9 , p. 17)

“This matter of gum and gum formation is critical for two reasons:

1. Gu m formation is a primary indic ator of fuel dete ri orat ion in d i n-c l fu,’l . h i t

is , gum is generated in some rela tionship both to initial quality III’ coniposo b m orn

t hIn” fuel and to the conditions of storage.

2. The gum fomnoat non processes lead eventuall y to generation of n oa t - rn .,t’ o w I - 0 ~~b o am ’

insolub l e in the fuel . That is , the umme extensiv i - the itegri’e ~o ’ quni f~~~ o o o t  ion

dur ing stora ge, the more likely that such insolubl e n ua t t ’ r iols will hi - ten ~r itn o .

“ Insoluble m a t o ’rt ,ils in diesel fuel , whatever  t he ‘,‘)nimn ”., n ,,mn de fi ni t ’ ’ Iy ln . il -o 3 e ’ I-

engine operation by ea u 5i rmq clog ging , s t c ~ m g and/or wear in the cl o ’s u ’ -to lema nmn fm n n ’ t -

in ject ion SyS t n,o .o - t’riul by virtue of the ir  us ual ly  hi gh l o l O i r ’ o m o l a r  w u ” n m l h t , ,mi o i , , n o b t  i l l -

so !- o m .t ~~o w Ill r~ m nb m n b u t e  m o  nmum b n n f’onjli nn o of the o o o i o l’n ~
.,tI ~~fl ,.hair~o,’m ,

F-I ?
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“Of course , u n - h u e  fi ltration of tne fu el is n uooro;,,, I 1 ,’ empl m ’o~ €-o : to m cm vi- mos t of toe

pa r t i c u l a t e  n k l t t ” m’ ( ca  .~~~~‘ 5:-). Out one imp ortamn o question remains. ‘(his concerns the

ease o f f i l t ra ti on of f uels which conta in  s i o ’; rmuf ica r i t  amo unts of “or qanic sediment. ’

Such insoluble -materials tend to hr amorphous - m d  W-~~o n , and under some circumstances

they can rapidl y clog filtration units.

‘It is therefore obvious that the fuel supply system enust be so arranged that a catas-

trophir amount of organic sediment will not develop in the fuel durin g storage and

that it w m l l  provide protection against contamination. Filtration should not be

expected to compensate , in this connection , for either fue l of low initial quality or

for excess ive  co nmpro mise in protection afforded during storage . That is , the depend-

ability facto r ‘;rm ’ uul d be a dominating consideration .

Accordingly, them ’ emerges the key requirement for an optimum emergency fuel supply

system based on dies el fuel:

TH E SEDIMENT (OR INSO LUBLES) CONTENT OF DIESEL

FUEL IN THE SYSTEM SHOULD NEVER EXCEED 0.1 — 0.2

mq/lOO xml and 5 MICRONS PkAXINtU M PARTICLE SIZE

“These conta nmi nani . levels are acce pted under military cleanliness requirements for

a i rc ra f t  fue ls wh ich  are considered to provide ‘ exce l lent ” fuel system re l iab i l i ty .

Cons iderably higher sediment levels (2 -- 3 mg/ 100 nil ) do not necessar i l y  cause f i l ter

plugging, as denounstrat ed by tests run by the Naval Engineemi n q Experiment Station.

(he suggested limi t would automat ical l y provide a desirable and possibly necessary

degree of dependability for an emergency systenu .”

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f Gas Turbine Fuels

• Flas h point/exp losiveness

‘on n ’JOo’ ,e; To reduce time c hance for ign i t ion  and/or exp lo s i o .o n u dur in -~ handl lu m mu in the hot ,

close confines of engine m oo- I - , or during c~ nbat conditiounu’ - and other emnergenc ies

to pi ° o i f i cat ions: - l oft I / .m { .) percemn t

— The likelihood of a lust crash tm u n -  increases as the flash m int dee n ’n’ ,ises , Th is is

shown by the following tabulation of percent post crash fires wil h each fuel .

35 percent

Je t  A , Al 34 percent

jet B 49 percent

tm’ — 1 P3 1m , ’ n - , ‘mu

i — l i
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As - m o - o W n  below , the l i C e l i h o o d  of  sustained fires resulting fronn 0.05 cal I jumu lu m no

testS also liocreu ses au t h decreasi ng flash point (Reference 10 , p. 1 5 ) .

JP-5 0 ~emc€’mu t

JP— 8 3.1 -n - 1cm

JP-4 h~o . 0 percent

— S ini il mn ’i l y ,  01,05!: damage prob abilities depend on fla’..h point (Refere mn n, e 11 , p. 6 ; .

Je t A , Al Jet B

tire J n ~~ 0.73

our ’.o i v n l  of f u n ’n’ 0.67 0.53

ib I d  av e  ao~n m ’m ininnnu , um fuel tn- ooi p er,n t m jn, - at which a flainn e will ci m ob ~ cu lum nun of fuel de-

pends mo f las h t’ui rut , too (Refereuictt 12 , p. 2).

jP-5 JP- 4

0 wind velocity 105 10

@ spark ignitor 65.5 c-I?

An FAA directive requires that onl y one fuel nozzle he used if kerosin e type fuel is

loaded into a tank already containing a quantity of widecut fuel , or vice versa. This

restriction is necessary because the vapors of the two fuel types forum : a conmpos ite

un ixture which is hig hly explosive , and the danger of static electric discharge throu gh

these vapors is m inimized if only one fuel nozzle is used.

• Olefins

Pma rp o - :,e: To minimize storage stability degradation

Specifm ,n t io n : S perce unt by volume (probably satisf ie d by preferred al t emuia t n-’ ,)

Olef i ns , h.swev er , are a lubricity improver (Referencn’ 12 , p. 32)

‘Th-js, the den~nd for fuels gf better therma l stabi l ity has had two mnn m ,t , ’ s i r ahl e e f to

so far as lubricity is concerned . Tine refining process removes the O , !.t.it-J - ‘bit ’ ui(” .

(such as olefins) which are fair lubricity agents. It also removes t im .  b , . i v , o aron ia tic s

wh i ch are both good in lubricity and stable toward o , i dat nI .mn. The nu’.~ - . 1 - mt- J o’ f o m t - ~

would he one from which all p on l, n r t h e  m o le’ , we re removed a nd t ’ o~ fl tht ’ moC.nSv -tremna tic s

adde d back. Howev er , from a practical O r m i n t  ou t view it would proba bl y t n t ’  I ., , tO F’ r t o m

‘iso Ino bri-  i t~ a d d i t i v e s  rather thai, .m r m nn mi ti cs. ”

F -14
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• Mn ’ - m : o 7 , n r o s (Ru- f o ’ n , ’ n I o I -  .1)

i°u r 1 o m o s e ;  To sin ,:’ mz - .,c t i O f l s  w i th n ’la s tc n u: u e r s amud um~~le~ ’ ,uiul m o Cu m ’ .

,pn ’m m l  cation : <0.001 percent : ,-
.O0oi l1~ toe u - o n - n c  : o t a n  c o u m u t e m i t , of t he  fuel is ‘.im tt- .tant i all y tmcl’ -~o tb m e u n it , ftr’’e—

f o r m , no one b. ’ m’e~ cn ’ted on n m c p u ’ m m e m o c t ’ s  u sm o y t ue ls  a m - I ’ .’ ‘ n m - n J  n u n :  u r u t n n o n i s m m n 1, r .

or n ho~ m , it’ lim o it in t m : spec if m m 15t n on.

N!n-rc ~ ç 1t jru can oS - i- ,, ,00 um :i o j ms pl ate n o - u ’ o u y o o l 00 o l o i r m  , 0 l n S m o j t m  ‘,~“i s t r , n i m n n n  - - T r. ’ O~ t o- .

I cem is Cl o i m m i s h i m - ’ ; , h owever , sm n rr n ew e m a i m ’Lm ’ o ’ n . 00 s o . t m  015 ,- r d :- m ,m::. : 1 ~~teJ s tr o m ’ : , n ’~ -
,

• Acid mi umniber

Rum ’s- usc ’: to m n l nmm :o m izr’ o orm - o- io u m o h ela -s t o m  tom ’, In n . o~ l

im p n :c i ficatiu ’m : 0. 1)15 umm g~ 011/q

n’nc i l j i t - y  in fue l m 4. no i . o n o ~~’,’ t o r 1 h m ’ V t . ’ -~ bo ne 5 n ’ L o ; n ’ n n o ‘ m o r n ’  ~, - t  o m n o n u n ’ ’ . 000 ,se’ m n ,

mc idles :, c mac in , p rom o ‘‘o S

71< m c am id ro ot s . n’ ’ abras ive  w n °an (Reference 15 . p. .7 ?)

o
~1t his q e m o u - u ’1n1 ly -c ’ m m :  m . ~~u m:um ’ ’ I  that a d d it -vc’ cml: n o as ol€ ’ic , m C i I i  tm uu~o t n n o r u  .o ’, n i t  o w n - m u ’

Ic m o m s  by - ui o n ° o m ’f u i t m g oun m he ‘ - o nr ° ,o o - , thus i n h i t o u t  in::; - u n t o -  u ’ ~- n wm o n  j i on i a l so IC—

Cm -dsium o ; adhe s io ru . It m o o s  the , ’ef oum -e qui t ’.- u m m m’s ;oo - t n - - I  t o o  f ind m n , m t s - I n - i c  md - c o i l

- a l s o )  n o h i r o m i n a t e  o t o m ’ ,nsIVe a t - n m ’ A O i o ~n’m ’— J o J °1 ~, l O t  a - n c  n- urn ,~I m.  ii~~i - o - I  ft, Oo) n u ’ .mm n u m m , m t

200 ppm o l eim , ‘
~~~~

‘ ‘
I’~~~3 

and 500 ppm mu oi l eic n o .id. Without ole ic nOn id , only 100 hon-

- F e , O~ would b i l l  . 0 seve re  abu ’ a s m , - o- we ar’ , 70/9 O o J .  A dd iu mq m o l e i t  o c i C  u’ , ’ - )uceu I I , ’

an’ r to 5 nng .”

Ao id i ty may a s s i s t  :uerc~n J - t - m n s  in u ’e mu n ov i n oq cadmn iunmm ‘ l a t i n g  )R n- tn -’ m n .’!m o . o-  1 4 )

• Par ! m . fl ate mat ter

Purpose : To m i n i nm u . ’n ’ ero ’,ion . pot iomo t i,, l m oO n ,‘, m ’ o io n

S p t ’ c ib  n o . , n t i oo r m : - - 1

l , m nl u o  n t - i t t ’  u o o , m t t e i  i’ o a - . u u _ u l  l y muot ‘ r n ’ ’ , n - m u t  1m m - l o t ’ ’ i o O t ~ ll ’  0 0 n n O ’ t o n ’ . h toc . m u - .t’ of , ‘ o nolm ’ in

b o o u’ ,n4 ,p h o i m i l n i bo ood ~ ( u0 .b - n i ’ n o  o 1- i )

• ~.n ‘n cn’ ;odm ’.!t no o n  mnd(’ o , m ’ on dn b u n - tm

1 I I m : o . o , n :  I- ’ l i n n i m !  n n m l , m r ’  o~~n t , - , - i j l  ( m o n  b , n o  J o i n t S )  w h o m -  o d j ’ . ,nn ’ coa l n o . 0 0 - m o

I t o  it i onr o : :~b5’.



Although not a spccn I ncd t io n requi moment for most a It emni a tes , there , Puo u lm J be mu s pnut o-

len; bec ,ouse it is a routine pract ice  to pass fuel thorough c lay  f l l t n - r ’ . wh ich ,  w u l l

ooou ve sui’factants upstreaun of coalescers. Ttm e ’se filters ,jm m usua l ly located ~m t

door k n? ef ere nn o .no 1 4 ) .

• Fuel system ici ng inhibitor (FSII)

Purpose: To reduce ice formation

Spec ification : Must be between 0.1 to 0.15 per ceunt by vc ,lum im e

A deleterious side effect of current FSII ’ s i s to reduce flesh poi n t b-us is ill . -

troteol by the f o  I low i rig examnp l e wi t h u ethylene ujlycol nn n ou ion ie t imy t et ’on n b ~M) 
‘ t m n - r-

ence 16 , p. 8).

Percent EGME Flash Point of JI-5

0.0 60°C

0.1 57.78°C

0.15 51.67°C

Ano ther side effect is that FS II ’ s are polar connmpou rnds and . hence , c5n di ,,o u - ’ c o o s  I-

escers (Reference 17).

In a nra I l — s c a l e  i u mv e st ig at i on of low— te n nperature p l u g g i n g  oof f i l t , m oni tootlon . - - ‘ a i t

coa lescer ) ,  it was found that addit i on of fuel S y s t ’ r o l  icing i m u i n i h j t o ,  (ISII ) Int l rt~,useI

the plugg ing rates , and that n - limm i i ni a ti o n of the m j ly o ’ -rol component - o f the ~° , h1 .tn ,1 l o O t

solve the prob lenn completely. An example of this us where clean non m , i ddit mv e ~ l~’ i g a s ’

a W.S. I. M. value of 99 which dropped to 97 on addi no 0.75 ppm o u f  A . ; , S , 3  arid 0.15

percent of FSII . The visible di ffer encno in ~~d tm n u ’ si-p arati on ~it-r f omnoe n c e l on ’t.wm ’ ,’mr c l - a n -

nonad u l itive fuel and that on which -o W .S.I. M . of 91 had been mn~- n - u m - ,’ .t w .u j m t c ’ ml . ‘l( ’’

ab le.

A positive s m m li- - ‘ fbi - n t of FSI l’ s is that they have o n’Cmu found to u fl b o m 1 m m t nm - i c n n - I  n i l

I ,r.m wt, ‘I 0’ R n ’fnt rr ’mn m to 1 o, , p. 2)

l I on’ , ‘ . y S t P m m o  j c i n o l  inhibitor can reach 10 pe rcer mt to /0 J o n - r I ‘ n o t  on, c- m t r . i t m  m n ’ , ‘ ‘ o  t o o ’

t O o - - -  Ø f  - , t ’ o r ’ m q n  t o r I . ;  20 percent w as let hal tul (‘ t , m , hoo ~~i o m m u ’ t o j m’r P n ’ s m r u o ’  (IC,- - , ‘

f ou r .i t , - ! mt, t u I’ nrnant o n  jet fuel)

• (, , I r ,m n ’, ion inhibi ton

- n 1 - in lm n I i  I m. - I ’ ’ - , m m

- ‘- - ‘P--S _
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f~ C~ tiOfl ; I,. m O, ° per i nuit t 001  unless su o c’ c i fica l ly jut ~,nr n e d  t o y  t y I n  dn0 Iou: oo u o n ’ t

Cor ros i on u nh ihi t 0- r t . I,anu degrade the therma l sta In in ty of t hot - tue j and ou m utr u t. o j t e- to

f i l te rab le d epos m t ’ - (Reference 19 , p. 11 ) .

‘lo n ry can also contribute to coalescem dis arming (Refe,’ence 20).

“Sin gle-ele ment bi lter-sep arator tests were conducted to study the effects of fuel

corrosion inhibitors on elemen t perform ance in remo vin g water amud solid c n nt 1o mir osn t’ ,

fro m un jet fuel. t : n - ,t of the te s tn were ‘life tests ” of 125 hours in wrui ch a fuel suppl y

of abo m it 12 ,000 ‘u .il lo u os was pumped t.hrm, un ql the elemmieni t at 20 q~n m’o in B_ t o u r  -,~ c 1ec ,

wit o continuous i n u J e c t i ” tm u of red i ron oxide at a concentration ‘mf 9.33 m’ng/t  i m o  t ° on ’

fuel upstre anm of the test element. This contamination level is typica l of fuel 0 -n-

countered by fi l tn ’ n ’—se parator elements in field service , The c u al esc i nq abilit y of

the test m ’1en~ imt was - bec~eo1 p e r f o o m l i c o h l y by in ject ing water upstreanu of the el n ’ rw ’ r- ’

-°\h 1 corrosion n r o f - n b l  t .or ’ . - n u ,m t wern ’ tested did impair elemnent ~un - ~ forr’ua no:n ’ 55 obScu r e-I

ny down strn ’n’- n - on 1 cl ea nliness auid by eleme nt plugging rate , an- : also gave decre,isn°’.

n o t h e  f ue l ’ s WY ” t  a m n o n  - s e F oa ronn ~te n- m’. n tir ng) and fuel—water i n t e r f a c i a l  tension.

-

‘ 
Based on the c m i tn -ri a useo l in qual i fy inq f i l ter-se J o a ra tor e lem m m ents under current c: °°-

f rcat ion s , - °i ct n - ’-,ts indicated (‘lenuent fa i lure . Element f :mil ure mmns d n’c in order I - f  - In ’-

rn-aci ng freqco en : wem~’ coalescence fa ilure , filtr at io n failure , and solids retention

f a i l o o m n ’, and sou ls r (-tn ’ntio n fa ilure (plugqinq). SampJe s t,iken at t~~ ro ~~ of tr ,nnnn ”m l

flow di sturba rm l r’ such , its ibm’ start of fuel or water injection showed increased -o n—

n ,no .:jnant levels in the .fuwnstre~ nm fuel. ”
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CL ‘o A u .l

bunker fue l: A fuel available at a port or airfi eld f - m r  use in providing m otive power to the st u u ~or plane rather than as its cargo . Bunker fuels thus can be of any fuel type. (Bunker C is
a particular type of Bunker fuel.) Synony mno : Bunkers

cost of fuel to Navy : Price paid by DFSC plus storage , deli v e r y , dnd a d m i n i s t r a t i v e  char ges ln oni ed
by DFSC on the Navy (all dollar figures in this report are pr,i_ce paid by DFSC).

diesel fuel: A subset of fuel nibs with stricter specificat ions for certain properties m~ o insure
proper pe m’ form ance in t O n intermit tent  connhus tion cyc le of a d iesel  eng ine.

distillates: Fuel , heating, arud diesel oil and jet fuel from nu the fractional distillation of crude
oil. I t ‘ m ac  very little carbon residue and ash forming mnna teria l s.

fuel oils: Thom category of d i- t illa te and residual petroleum products used in boilers and furm o~~cmo s ,
typicall y sold in accord ance with ASTM specifications.

l ift n ng s : Fuel transported freunu a supplier to a receiving poi n t. DISC can lift fuel froru the rc’-
finery to a DFSC tank fat -u , DFSC can also lift fuel from its tank farms or fuel transport
veh ic les  t o  Navy bases or Navy fuel transport vehicles. Fuel “lifted actually moved fronu
one pn ,int to another or ownership of the fue l container changes.

‘AD: Petrolnoom - A llocation for Defense regions ; i.e., the geographical boundaries used by the
Bureau co t ~1ines for record keep ing purposes when compiling and publishing petroleum : supply
and c -o n ur’0o t nomo data.

m - r o ’ f e m ’ n o o :  a l t - n - n n d t n ’ s :  F - j e t s  WI i o n  satisfy or nearly satisfy MILS I’ECS and can , he used in Navy coin-
‘o u S t  m o n n n  n ’m l lo m;m o ’oe m ml w i thou t  s er i o ou ’ , i mnupact .

price ‘ o f  f -.in i .  -C ,.t n u, n ,mmount -a id  by DISC to the fuel suppl ier .

o prnnc n r n - o m u e m - t s :  . . n r o t ’ t j  of fo o l - o p  i fi e d in a contract between DISC m d  a fuel su~npiier. In d ica t ,- s
t i ne ‘ - o ,m . m r  o r ’ .o ’ m o m - o o m o t  t h at - I S o  ‘ n y  require the supplier to del iver  (or l i f t  see above) .

residuals- In,’ -n ’ .n4l o uou000 left f romnn the various processes in a refinery or blends of this residuum
and dist i l l a t e , ib is m r n- ,luo f. is a black viscous material wi th a gravity in some cases heavier
than w it  n ’ Ionmwnon res i I r a  Is are Bunker C, or 14-i . 6 fuel oil
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27. 0. Schnack , Mob il Oil , letter : December 3 , 1976.
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