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ABSTRACT

' SSerioua alrcraft troubles, including engine flameouts, fuel gage

malfunctions, integral tank corrosion, and other fuel system difficulties
bave been traced to coptaminants in the fuel. The chief offenders; singly
or in combination, found to be water, dirt (especially iron y
rust), surfactants, and microorganisms. ;
Improper operation and maintenance of fuel handling equipmen* iam-
been-found to be the causative factor in each case of serious :t‘uel coti-
tamination thus far investigated. The consensus of informed opinion is
that. the troubles encountered in field handling of fuels can be averted
by good housékeeping throughout the fuel handling system..N

BACKGROUND

It has been found that fuel contamination has been the cause of
englne flameouts, fuel gage ma:l.functions, integral tank. corrosion, and
other fuel system difiiculties. The contaminants responsible for these
troubles have been wateér, dirt (especia.lly iron rust), surfactants, and

microorganisms ~- either singly or in combination.

Jet engines are more sensitive to all forms of fuel contamination
than are piston efigines because of the finer passages in metering
systems and nozzles. Jet fuels are more viscous than gasolines, and

thus less easily cleaned by settling. In addition, some commercial

practices can not be used in alrveraft operation. Aircraft tanks must be
pumped empty, as all of the fuel must be used. There is little or no
chance for contaminants to settle out in aircraft tanks. Much the same

is true of the imme'diate loglistic support facilities, at least under

combat conditions.

When filter/ separator equipment is not properly malntained, or
when surfactants are present (even to the extent of 0.5 ppm) » water
carrying dirt and microbes may pass through the. :f‘ilter/ separator. These
contaminants can cause corrosion &and malfunctioning of mel controls -and
fuel probes.
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The microbes produce an enviromment which permits attack on the
alrcraft tank coaling and corrosion results. Rust particles-can cause
corrosion by electrolytic action. In extreme cases corrosion has pro~
ceeded to an extent such as to threaten the structural integrity of the
aircraft. In Australia, this form of attack has resulted in leakage of
fuel through the wing skin of aircraft. It has also been found that
microbes could flourish in the laboratory in rocket fuel RP-l. However,
this is not considered serlous, as the small volume allows special
handling, the missile fuel system is sealed, and the fuel :Ls changed. .
periodically % :avold chemical degradation.

The problem of fuel contamination has long been a matter of concern.
In 1955, some aircraft carriers experienced troublé from dirt and water
contamination s0 severe as to render thelr aircraft inoperative. At the
request of the Navy, an ad hoc study group was formed of consultants and
staff of the then Technical Advisory Panel on Fuels and Lubricants.
Their study led to publication of "Reconmended Corrective Measures for
Handling Aviation Turbine Fuels,” (1), a report which received wide
distribution. Improvements in fuel system design, and meticulous care
of the handling equipment overcame most of this trouble. Soon there-
after microblal contamination was encountered, but was later eliminated.
Since 1959 no serious trouble of elther sort has been experienced by
the Navy.

Early in 1961 the problem of fuel contamination again arose in Air
Force as it had in commercial airline operations, both here and in the
Far East. Especially serious trouble arose at Ramey Air Force Base in
Puerto Rico. Extensive corrosion of the integral tapks developed,
apperently as a result of microbisl attack on ‘the ‘tark lining. At the
request of the Alr Force & team of our consultants was organized and
sent to Ramey. Their study disclosed that unusual amcunts of surfactants
in the fuel were a major contributor to the trouble. This factor had
not been recognized previously as being important. Since this phase of
the problem Was not generally appreclated, a symposium on fuel contami-
nation was organized by the Fuels and Lubricants Division and was held
in September 1961 (23), to inform industry and the military of the
findings and recommendations of our consultant team. A DoD news
release (29) on jet fuel .contaminants was issued early in 1962.

Through the first and subsequent visit to Remey, it became clearly
apparent that microbial attack is but one° ‘facet of the overall problem
of fuel contamlnation. Although surfactant-free fuel was immediately
furnished to Ramey, and fil'ber/ separator msintenance was improved, it
was many mouths before the base tanks could be cleaned. Despite this,
inspections before tank cleaning showed that even though microorgan-
isms were still present in the tanks, the fuel delivered to aircraft
vas clean and dry. However, some further corrosion of aircraft tanks
was reported.
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Means for removing particulate matter and water have been well
worked out and require only conscientious application to yléld clean, -
dry fuel. Work is in progress to develop the still more efficient
filter/sepa.ra'bors which will be required to process fuel for higher-
speed alicraft, and to develop mich lighter units for special applica-
tions. The fact that surfactants which may be present in the fuel
greatly degrade the effectiveness of filter/separators has been
recognized only recently. While development of sensitive means for
their detection is fairly well along, needed research on evaluation
of their effects on f:ther/ separators is not fully underway. Thus at
present more research is being directed at microbial growths then to the
other equally important factors in fuel contamination. As this is a
report of military research on fuel contamination, the larger space
devoted, to microbe studles should not be construed as an indication that
they are more important than the other factors.

MILITARY PROGRAMS

Filter/Water Separators

In accordance with a. recommendation of our Petroleum Handling
Equipment Group, responsibility for all acceptance tests of filter/
separators was assigned to the US Army Engineer Research and Development
Leboratories (ERDL) by the Assistant Secretary of Defense for Installa-
tions and Logistics. Previously, units accepted elsewhere were sometimeés
found by ERDL to fail to meet the specificatiocns: It is believed that
the assigmuent of single Service responsibility will result in a more
uniform product. ERDL has designed a military standard filter/ separator
element, which is being used in or phased into equipment of the three
Services.

ERDL. is presently revising the designs of the family of ;t‘ilter/
separators, to reduce the weight. Through a minor change, the allowable
flow rate per element has been doubled.’ By eliminating automatic
controls, and by using 1lightweight alloys, a 300 gom unit which welghed
1400 pounds- has been replaced with one weighing 500 pounds. Comparable
reductions have been made in larger and smalier units., Quartermaster
Research and Engineering Command work ig directed toward éxtremely
lightwelght, compact equipment for air transport.

Devices for Detecting Water a.nd Pa.rticulate Matter 1n Fuel

At the request of the military departments, our Petroleum Handling
Equipment Group set up a task unit to review and coordinate research :
being conducted by each of the Services on fuel contamination detectors.
It was the comsensus that multiple approaches were warranted in this
relatively new area, but that the work of each Service should be dis-
cussed frequently with the other Services. This coordination is being
sponsored by the Fuels and Iubricants Division.
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Three devices merit and are receiving extensive study. These
are theé Bendix G0/NO-GO gage, & collecting fuse; the United Research
capacltance-type monitor;: ‘and the Bowser Totamltor, a light-scattering
device that locks at all the fuel in a 4" or 6" pipe. Some interest
has also been shown in the Aquascan, developed by the British Petroleum
Company. The Bendix system is getting the most. atten-bion, as all three
military departments are exporimenting‘ with it. The Nevy has decided
to put this equipnient on all fuel-bandling equipment in their shore-
based installations. The Navy bas purchased three of the United
Research early prototype monltors, and the Army wlll procure two or
three Bowser units for comparison with the United Research item.

The Navy has reported good results on "the GO/NO-GO gage. In
trials, this device has shut down flow very quickly when water got
into the system. The gage seems to have an adequate life and is not -
plugged by a small emount of dirt and rust in the fuel. The Navy finds'
the United Research monitor does not meet their needs, as it does not
register on very fine particles. Two Totamitors are being purchased.
One will be sent to the Aeronsutical Engine Laboratory for study, and
the other will be placed at the end of a 95-mile plpellne. It is hoped
that six months field experilence with the Jdatter will yleld information
on the capability of this device.

The Air Force reported unsatisfactory results from tests of
G0/NO-GO gages at Castle Alr Force Base. This has been discussed with
Bendix, who wlll study the results and endeavor to improve the instru-
ment. Some laboratory work has been done on the Totamitor which has
proved to be very accurate in indiceting water. No work has been done
as yet on measuring dirt with the Totamitor.

Surfactants

Muach of the trouble belng experienced with filter/ separators is
believed to come from surfactants which destroy the effectiveness of
the filter, and prevent the settling and the coalescing of water.
Water and dirt then get into aircraft and cause trouble both directly
and by promoting microbial growth. For example, an alr base in the
South was: receiving fuel which was known to be sterile. Desplte this,
the base had a bad history of operation. Recent examination showed.
that the delivered fuel contained surfactants, as was the case at

Ramey AFB.

A limited number of commercial aircraft have been found to have
severe corrosion troubles, with pitting as deep as 25% of the skin
thickness. No evidence of abnormally high microblal counts was found,
but surfactants were noted to be present. '

Surfactants may get into fuel from e number of sources, such &8

residues from refinery processes, contamination in tank or pipeline
shipment, by addition of .some types of inhibitors. Thus when trouble
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arises many potential sources must be examined, and a complete over-
haul of the distribution system may be necessary.

The Naval Research Laboratory -1s making a study of the role of
surfactants. Most corrosion inhibitors have some surfactant effect.
Many parts of the country are receiving fuels with high concentrations
of surfactants but are not experiencing trouble. Thus the other con-
ditions which must exist to cause trouble are not present. NRL studies
have shown no significa.nt increase in surfactant concentration as a
result of microbial growth in fuels.

The Air Force has redirected some of its fuel con'baminatidn studies
as a result of consultant recommendations in meetings of the Aircraft

‘Fuels and Jubricants Group of ouir Divigicn, with more empha.sis being ..

placed on surfactants and particulate contaminants. Major prograns

coveyr studies of all ¢ontaminany and microbial *“actor..—., both singly and

in combination, including environmmental factors which cause growth,

sludge formation, corrosion processes, deterioration of fuel systems.

and materials, and the possible effects of electric curient on corrosion.
A contract has beeii awarded for a speclal study of the* role of surfactants.

Microbial Growt! hs

1. Alr Force Progra‘.m

The presence of mierobial growths in petroleum products has
long been known. Bacteria and fungl are probably always present in
fuel systeis. These: growths generally occur only at the water-fuel
interface, in storage tanks, or in pipe lines. .The. micmbes must have .
water and inorganic mutrients from which to get-+ ‘r miuera.l needs,.
and fuel to furnish their carbon. Before the acvem; of" th fuel, Yittle
or no trouble was experienced from these growth:s& ‘except hen conditions
favored sulfate-reduclng growths. The latter caus,eﬁ the fuel to become
corrosive. ' -

The Alr Force work being donme by the Army Chemicel Corps is
directed at elucidating the relationship between corrosion ard bacterial
and fungel action. Thils includes study of sludgﬂ formation as related
to fuel properties, the degree of microbial partic sipation in corrosion,
and the degradation of structural meterials comprising parts of the
aircra.ft fuel system. About 150 species of microorganlsms have been
found i fuel although refinery deliveries are almost always sterile,
and in rare cases are even bactericidsl or fungicidal. The role of
microbes in modifying fuel properties, and the ef'fect of fuel composi-
tion (including fuel addltives) on microbial growth is under study, as
is the role of envirommental conditions. Studles are belng made to

determine which species are the more detrimental to coatings and
sealants, and which cause the greater corrosion. As it is known that
colonies on metal will in time set up a barrier that is impervious to
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toxic agents, this phenomenon 1s being studied. Both static and
dynamic conditions will be employed, since some of the effects are
related to agitation of the media.

Research is in progress to determine the effect of fuel
fractions, and of pure hydrocarbons, on microbial, growths. Components
which promote growth, and those which inhibit growth, are both of
interest. Twenty-three whole fuels, including JP-k, JP-6 RP-1, and
the thermally stsble jet fuel (MIL-F-25524) have been eveluated. Two '
of these permitted only very slow microblal growth. These fuels, together
with one of the more susceptible fuels, are being fractionated in an
attempt to determine the fractions causing these behaviors. Of the pure
‘hydrocarbons studied to date, the straight chain paraffins have supported
growth best. None of the naphthenes were susceptible to attack:

Research is in progress on both the detectiocn and the mechanism
of microbial contamination of fuels. The first phase is directed at
rapid detection of microbes;, and if possible, estimation of their
corrosive activity through & number of electrical, optical, and chemi -
cal techniques. The second phase encompasses a broad study of the
roles of contaminants including microorganisms in combination with
water, iron rust, other extraneous solids, and surfactants in the
degradation of jet fuel, in sludge and slime formation, and in the
corrosion or deterioration of alrcraft fuel system materials.

Work is underway to determine the effect of microbial corrosion
on the mechanical properties -of materials used in fuel cell struétures.
Fatigue data for reference will be obtained from chemically and
biologically corroded specimens. Depths and types of corrosion have
been determined on specimens from military aircraft.

An investigation is being made of the possibility of detect-
ing corrosion of integral fuel tanks without defueling the aircéraft,
by use of ultrasonic scanning. If feasible, this would save maintenance
and aircraft down time. '

Jet fuel system sealants and coatings capable of resisting
microbial, deterioration or growth are being sought. This may require
bloclde~elastomer combinations or organism-resistant elastomers. The
majority of blocides examined thus far have had a detrimental effect
on the elastomers, or have leached out. Preliminary results have
Indicated that the microbial population of standard fuel system
sealants and coatings is quite low. .

Mechanical techniques for killing, removing, or controlling
microbes in fuels are under study. Techniques include filters, ion
exchange resins, electrostatlc precipitation, centrifugation, radiation
from microwaves to muclear, ultrasonics, and others. Currently,
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filtration by cellulose ester membrane with a pore size of under half
a micron, and radiation at 27.5 megacycles are indicated to offer
promise. e a L e

A contract has been let for a review report on the available s
data pertaining to the causes and control of microbial contamination
and corrosion of materials and equipment used in storing and handling

Jet fuel.

An investigation, including laborstory analyses and evaluation,
is being made of air base fuel handling procedures with regard to con-
taminants including microbes. Three bases will be studied to evolve
optimum procedures for controlling contamination.

A comprehensive field study of the behavior of fuel systems
in the presence of contamination is being carried out at Kindley Air

Force Base, Bermuda as an Air Force-Army project. The major objectives.

are to determine the effects of miciobial growths on the water and dirt
removal capabilities of filter‘/‘separators » Whether the latter remove the
growths, and whether the microorganisms clog or attack the filters or '
any other equipment in the fuel bandiing system. It has been recommended
to the Alr Force that this field study include the éffects of surfactants.

' A recent inspection by our consultants, at the request of the Air Force,

indicated that the facilities are ideal for the purpose. There are
duplicate fuel systems for JP-U4 as well as for aviation gasoline. One
of the JP-4 systems is being used as a control, while the other is used
with contamination added. Excellent laboratory facilities manned by
competent personnel are available for analytical work. One part of the
Jet fuel system was treated with a mixed heavy inoculum of microorgan-
isms. A variety of filter/sepa.ra.tor types are being used. After nlne
months operation with about four million gallons throughput, observa-
tions are as fcllows: '

A. Microorganisms are growing at an accelerating rate.

B. Microbial counts are increasing in the fuel but are
several orders of magnitude less than in the water bottoms.

C. None of the filter/’separa.tors appears to remove the
mlicrobes now present in the fuel.

D. No evidence of surfactants has been found by Water
Separometer or interfaclal tension tests. No surfactants
have been introduced into the system as yet.

E. No evidence has been noted of filter plugging, nor
has passage of water or dirt been noted in any of the filte’r/
separator units, although the microbial counts of the water
bottoms exceed 109 per 100 ml. .
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A nuiver of statlc drum tests are also in progress ab Kindley
AFB. Several different blocides both water-soluble and fuel-soluble ’
an anti-icing agent, and two surfactant materials are under study. The
use of 2% potassium dichromate in the water phase of two drums has had
little or no effect on microbial. growth.

In addition to contractua.l‘ effort, in-house studiés are in -
progress in the followlng areas:

A. Investigation of the ecological relationships in &
similated fuel tank to clarify the importance of the
sequential appearance of particular microbial entities
with respect to envirommental effects as well as to obtain
pertinent information on the inadéquacies of present sampling
techniques.

B. Effective concentration of dichromate, and/or
. chremate, and antl-icing additive required for control of
‘microbial growth in water phase and on metal surfaces.
This will include observations on the presence of resistant
forms of microorganisms after prolonged storage times.

Cs Development of culture media and methods for isola~
tion of both anaercbic and aerobic organisms..

D. Evaluation of experimentel inhibitors for use as
alrcraft wash-rinse materials.

7 E, Investigation of on-site culturing versus culturing
of shipped samples.

F. -‘Evaluation of corrosometer probes to detect micro-
blological growth and/or corrosive activity.

G. Development of a qualitative method for detection
of living microorganisms based on the measurement of carbon
dioxide produced by celilular respiration.

In reporting field experience, the Air Force stated that fuel
quality at Ramey AFB had irproved remarkably since the recommendations
of our consultant team were put into effect. Even though some salt.
water is coming ashore with tanker fuel shipments, the Ramey fuel is

going into aircraft clean and dry. In February 1963 our consultant
team inspected four aircraft. In each the degree of contamination was.
noted to be extremely light, with no significant corrosion. The con-
dition of the top coatings was very good. '

A major case of fuel contamination occurred recently at a

midvwest alr base where water from leaky roof drains, accumulating as
ice in fuel storage tanks during the winter, &suddenly thaved and
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overlogdad the filter/ geparator system. This points up the absolute
necessity of maintaining all equipment connected with fuel storage,
handling, and dispensing in top shape. Water Separometer tests indi-
cated the base fuel to be poor but improving as it 'was diluted by
clean dry fuel delivered by the three suppliers. Although bacteria
were found in the aircraft, the Wright-Fleld inspection team believed
the trouble stemmed chiefly from suddenly overloading the filtration
system with water, dirt, and rust. Once the water was gotten out of
the tanks the problem rapidly diminished.

2. gg! PI'OE amn e mem .

The Army has as yet reported little or no trouble with fuel
contamination, and hence Yooks to the other Services for answers to
aviation fuel problems. With the advent of Compression Ignition engine fuel
in the near future, the Army may begin having trouble. Army Research Office
has made some study of the interrelation of microbial growths and fuels.
The Fungicides and Germicides Branch of the Quartermaster Resesarch and
Engineering Command is completing a study of the magnitude and signifi-
cance of the fuel contamination problem in the Army. They are also
conducting a rather extenslve study of the role of microorganisms in the
degradation of fuels. In this work it has been found necessary to grow
and characterize the microbes at the point where they are found, as the
character of the population may change in transit. Considerable effort
is belng concentrated on microbe ecology. Studies are in progress to
learn how the mlcrobes live, what they eat; how they form sludge and
slime, whether there 1s symbosis, etc. BOth aerobic and anaerobic
bacteria are being culitured, as well as fungl, yeasts, and actinomycetes.

Studies are in progress on the mechanism of microbial break-
down of fuels, and of fuel handling, transportation, and storage equip-
ment. Possible microbial alterations of the hydrocarbon molecule, and
the blochemistry of sludges, slimes, and emulsions are under investiga-
tion. The roles of dissolved oxygen, free water, and dirt as nutrients
will be studled, as well as the blochemical mechanisms and energy
transfer involved in the blological acceleration of metal corresion.
Studies are proceeding on blocides and means for preventing microbial
attack on fuels and fuel systens.

3. 'Navy Programs

Some time ago aviation gasoline on the carrier Antletam began
going sour after only a short time, although JP-4 in an Jdentical fuel
system remained sweet. The same situation occurred at the Bermuda
Naval Base. Recently, however, another carrier has had a case of jet
fuel going sour from microbial action. The Naval Research Laboratory
has accordingly made a study of these bacteris. The problem has
apparently been reduced by cleaning the tanks and by treatment of the
water bottoms with sodium chromate.
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, NRL is monitoring fleet fuel samples, and studylng biocides
and resistant coatings for fuel containers. A fundamental program is
being carried on to ascertain the hydrocarbon preferences of the wvarious
j microbes. Thie work utilizes pure hyd.roca.rbons ; it has been found that
e gome organisms can thrive od any straight chain from 8 to 36 carbon
atoms. Work is also under way to learn the effects of microbes on Ffuel
¢guality and the surfactant nature of the fuel. Studies to date suggest
that the microbes may consume surfactants rather than producing them.
- Work is under way on the effects of microbes on fuel tank coatings and
sealing compounds.

[

CoNCLUSTON

Improper operation and maintenance of fuel handling equipment has
been found to be the causative factor in each case of serious mm ‘aén-
tamination thus far investigated. (

The consensus of informed opinion is that the troubles encountered
in field handling of fuéls can be averted by good housekeeping through-
out the fuel handling systen.
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Laboratories.

y
h. One Airline's Experience with Trace Impurities in Turbine Fuel,

by R.E., Totman, United Air Lines.

1. Jet Fuel Contam;l,na.nt's and Tﬁei;r, Significance, by Shell 0il Company.

3. Trace Surfactants 1in Jet Fuel Cause Filter/Sepa.rator Problems,
by J.A. Bert, California Research Corporation.

k. Development of Microbiological Sludge Inhibitors, by A. V.
Churchill, Gulf Research & Development Company. ’ !

1. Fuel Contemination Studles, by W:G. Dukek, Esso Research and
Engineering. Company.

Microblologi¢ Bazards to Equipment Relisbility, Office of the -
Director of Defense Research & Engineering Report, 23 COctober 1961.

Compilation of References on Miérobiological Contamination of Fuels,
by Ruth B. Henery, Armed Service§ Technical Information Agency,
1 November 1961, AD 266 000.

Minutes of Tenth Conference, Prevention of Microblological Deteriora-
tion of Military Materiel, Quartermaster Research & Engineering
Command, 28-30 November 1961. Part I, Microbiological Deterioration of
Petroleunm Fuels, Fuel Handling & Fuel Storage equipment, pages 1~-19.
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35.
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Fuel Contamination & Preventive Measures, Letter from Hq, Middletown

Alr Materiel Area (USAF) to Command Petvoleum Officers, Base Fuels

¢Su16>p1y Officers, Petroleum Account & Quality Control. 22 Janu’e.ry
1962,

A Selected Bibliography; the Microbiological Deterioration of Hydro-
carbons & the Related Degradation of Equipment Used for the Storage,

Distribution & Handling of Petroleum Products, Supplement No. 1, by

Donald O. Birkholz, Morris R. Rogers, and Arthur M. Kaplan, Quarter-:
master Research & Engineering Command, March 1962. ) B

Jet Fuel Contaminants, Department of Defense Fact Sheet No. 4i5-62,
March 23, 1962. - o

Research on Microblological Sludge Inhibitors, by A.V. Churchill -and
Wm. W. Leathen, Gulf Reseaich & Development Company. ASD-TDR 529358,
April 1962.

Proceedinéé en Jet Fuel Microbiology & Corrosion Conference, Preven-
tion of Deterioration Center, Natlional Academy of Sclences-National
Research Council, April 9-10, 1962.

Microbial Growth in Fuel Storage Systems, by D.M. Powelson, Stanford
Research Institute, Prepared for California Reszarch Corporation,

June 1962. -

Microbiclogical Examination of Jet Fuel-Water Semples, Famey and
Eglin Alr Force Bases, by Arthur V. Churchill, Aeronautical Systems
Division. ASD-TDR-62-361, July 1962.

Bibliography ion Microorganisms Affecting Petroleum & Fetroleum
Products Including Reports on Sulfate-Reducing Bacteria, Prevention
of Deterioration Centér,fNa.tional. Academy of Scilences-National
Research Council, PDC Search No. 62-037, August 1, 1962.

Fungl in Fuel, by J.M. Leonard & Dorothea E. Klemme, US Naval
Research Laboratory. Printed in Report of NRL Progress for
September 1962 (pp 1-8). T T

Microbial Growths in Aviation Fuels, by C. A. Weisel. Presented at
Avietion Technical Service Committee-Defense Petroleum Supply
Center Meeting, September 18, 1962.

Aviation Fuel Contamination, by A.T. Traynor. Presented at Aviation
Technical Service Committee-Defense Petroleum Supply Center Meeting,.
September 18, 1962.

Surfactants, by W.L. Hunter. Presented at Aviation Technical

Sg,rviceé Comnittee~-Defense Petroleum Supply Center Meeting, September
18, 1962.
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39. Interlor Coatings for Storage Tanks & Fuelers, by R.H. leson.‘
Presented at Meeting of Aviation Technical Service Committee,
Washington, D.C., September 19;21962.

Lo, Filter/Separator Construction & Performance Requirements. Presented

i’ at Aviation Technical Service Conmittee Meeting, September 19, 1962 by
: WIF' Floyd . .

i

W, Biwchemin.al P2k Cell, by R.T. Foley & G.C. Blanchard, ‘Melpar, Inc.
First Quarierly ‘Report, 1 July-30 Sep‘bember 1962.

42, Elsotrical Energy from Microbiological Processes, by F.D. Slsler.
g - Pubiished in Journal of the Vashington Aca.d.emy of Sciences, 52, No.8,
181. November 1962.

: ; 1?"3.‘ Investigation of Sampl:i ng Requirements for Aircraft Fuel Contamina-
—1 j ~ ‘tion Control by Peter i. Reiman & Brian V. Mokler, -Arthur D. Little,
: Inc., ASD-TDR-62-804; November 1962.

1 L4k, Fungal Growths in Aviation Fuel Systems » Part 2, Test Methods, by
— G.F. Hazzard & E.C. Kuster, Australian Defence Sclentific Service,
B ] Defence Standards. Laboratories. Report 252, December 1962.

f—'

s, Contamina.tion Control Curbs Jet Fuel Tank Corrosionm, by W.J. Digman,
Douglas Aircraft Company, Published in SAE Journal, 70, 56
December 1962.

TN Eifects of Selected Strains of Microorganisms on the Composition of
Fuels & Lubricants, Quarterly Progress Report No. 1, by Dr. John O.
Smith, Dr. Glemn R. Wilson, & Dr. Horace F. Ma.rtin, Monsanto Research
Corporation, 15 December 1962.

R

47. Elastomers for Fuel Systems Containing Microorganism-Controlling
Additives’ by C.W. Cooper, H T. Ke@w R. Mo Kell, & J.W. Bra-sch,
Battelle Memorial Institute, First Q.rarterly Report, October 1
Through December JJ., 1962, dated December 31, 1962.

—A ' 48. Effects of Fuel Conta.mination on Corrosion of Aircraft Fuel Systems,
» by ¥m. J. Digman, Douglas Aircraft Co. Presented at National Aero-

space Engineering & Manufacturing Meeting, Soclety of Automotive

‘ Engineers, held in Los Angeles, California, October 8-12, 1962.

meed (Pgbl:;.shed in Esso Air World, Vol. 15, No. L, Jamuary/February

‘ 1963

) 7 k9. Biocidal Effects of PFA 55MB, by D.O. Hitmn, J.A. Shotten, & H.E.

P Alquist. Presented at National Aerc-Nautlcal Meeting, Society of
Automotive Engineers and American Society of Naval Engineers, Held
in Washington, D.C., April 8-11, 1963. SAE Paper 683D.

50. Tests Disclose Sources of Fuel Filter CIOgging, by G.E: Gaston & .
J.J« Thomas, Gulf Research & Development. Company. SAE Paper 610B, = - -
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