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CHAPTER 1

INTRODUCTION

1.1 PURPOSE. This handbook provides basic
information on the properties and characteristics of
aviation fuels along with general information on the
standards, equipment, and operating principals related
to the handling of these fuels at Navy and Marine
Corps activities. it is designed to supplement the
NATOPS AIRCRAFT REFUELING MANUAL,
NATOPS 00-80T-109, by providing background
information and guidance on the requirements and
procedures contained in the NATOPS Manual.

1.2 SCOPE. The contents of this handbook are
limited to technical and operational information of a
general nature,  Specific operating proceduras and
equipment requirements are contained in the
NATOPS AIRCRAFT REFUELING MANUAL,
NATOPS 00-80T-109. Accounting and stock control
procedures are not included in this handbook or the
NATOPS Manual.

1.3 COPIES. Copies of this Military
Handbook are from:

Standardization Documents Order Desk
Bldg 4D

700 Robbins Avenue

Philadelphia, PA 19111-5094

1.4 CHANGES. The information contained
herein has been derived from a number of diverse
sources including: the fueling experience of the
Navy, Marine Corps, and commercial companies; the
recommended practices of the American Petroleum
Institute and the American Society for Testing and
Materials; and the published findings of research
activities.

Operating activities are encouraged to submit
corrections, recommended changes, or innovations
for this handhook by letter to:

Commander

Naval Air Systems Command
AIR-5363C

Washington, D.C. 20361-5360

7-1
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CHAPTER 2

ORGANIZATION AND TRAINING

2.1 ORGANIZATION

The allowances for a Fuel
Division should include personnel in adequate
quantities and with sufficient grade structure,
training, and seniority to ensure responsible operation
of facilities and equipment in response to any
operational demand.

2.1.1. General.

The organization should be flexible enough to
efficiently handle increased workload on short notice.
This can best be accomplished by cross training and
Cross manning. Leave - schedules and
attendance can be adjusted to accommodate workload
peaks. Scheduled leave can be deferred if unexpected
peaks are encountered. Lengthening working shifts
and non-standard duty section, including stand-by
duty section assignments, should be last resort
measures.

Chapter 8 of the NATOPS Aircraft Refueling
Manual, NAVAIR 00-80T-109, outlines 2
recommended standard organizational structure for
Navy and Marine Corps fuel operations division.
Shipboard organizational structures are established by
applicable regulations and/or standard operating
procedures instructions.

2.1.2 Responsihilities and Duties. The NATOPS
Aircraft Refueling Manual, NAVAIR 00-80T-109,
delineates fuels responsibilities at shore activities.
For  Shipboard vperations,  consult  Shipboard
Operation Regulation Manual 3120.32.

The following paragraphs list the normal duties
assigned to various personnel within a typical shore
activity fuels organization.

2.1.2.1  Fuel Muanapement Officer (FMO).
Directs and supervises the completely integrated fuel
operations. An FMO typically:

a. Estimates quantities of fuel products to be
consumed and fuel service requirements,
b.  Develops proposed fuel budget.
¢, Performs contract administration services.
) d. Prepares

and  revises  the activity  fuel

school
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instruction in accordance with the NATOPS Aircraft
Refueling Manual and other applicable documents.

e. Prepares an oil spill prevention and counter-
measure plan.

f. Prepares eavironmental impact statement for
the U.S. Coast Guard on any procedural change and
modification to plant facilities.

g. Plans and initiates military construction,
repair, and improvement fuel projects.

h. Performs liaison with fuel service customers,
activity departments, other governmental agencies,
community official and commercial concerns.

i.  Represents fuel interests on boards and
committees,

2.1.3.2  Assistant, Fuel Management Officer
(AFMO). The AFMO assists the FMO in the
supervision of the integrated fuel operations and
pericrms the following special duties:

a.  Directs the quality assurance program for fuel
products.

b.  Manages the petroleum laboratory.

¢. Directs  entire  fuel training program.

d. Supervises inspections.

e.  Maintains inventory control.

2.1.3.3 Fuel Delivery. The employee placed in
charge of the fuel delivery section or branch is
normally delegated the following specific duties:

a.  Delivery of aviation POL products alongside
aircraft.

b.  Operation of hydrants to fuel aircraft with
engines idling (hot refucling).

¢.  Operation of aircraft defuelers.

d. Dispatching of personnel and/or equipment
and maintenance of dispatch log.

e.  Delivery of ground products on automatic fill
hasis or as requested,

. Pickup of waste il

g. Operational maintenance of facilities and
equipment.

2.1.3.4 Storage and Transfer. The branch or
section head in charge of fuel storage and delivery
usually is assigned the following duties:
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a. Receipt of POL products by pipeline tanker,
barge, tank car or tank truck.

h. Storage of products.

¢.  Operation of the distribution systems and
transferring of products.

d. Operation of vehicle service stations.

e. Grass cutting in hazardous areas.

f. Receipt and storage of packaged POL
products.

g. Operational maintenance of facilities and
equipment.

2.1.3.5  Quality Surveillunce (QS). The QS
branch normully performs the following:

a.  Sampling POL products at point of receipt, in
storage, when transferred in aircraft refuelers and
aireraft tanks,

b.  Surveillance of tuel handling operations.

¢.  Surveillance of POL filtration, water removal
and monitoring equipment including the maintenance
of pressure differential graphs.

d. Operation of the POL laboratory.,

¢. Inspection and surveillance or tacilities and
equipments including contract-owned equipment.

2.1.3.6 Inventory. The Inventory branch usually
pertforms the following functions:

4. Estimates of POL requirements,

h.  Scheduling of product deliveries.

¢.  Preparation  of  fuel  requisitions
replenishments.

d.  Maintenance of daily inventory records.

e.  Processing of receipt and issue documents.

h.  Monitoring  of  contract  retueling  tuel
deliveries.

tor

2.1.3.7 Training. The branch assigned the
training function normally performs the following
Juties:

a.  Preparation of training guide,

b. Conducting  classroom  and  on-the-job
training.
¢. Certitying  qualitications  and  issuing
certificates.

d. Muintenance of training and  qualitication
records.,

¢.  Reviewing and supplementing contractors’
training program,

2-2

2.2 TRAINING. It is essential to the safety of
fuel handling operations that the personne! involved
be properly trained. Historical records disclose that
the instinctive reactions of experienced fuel operators
during emergency situations have minimized
personnel injuries, fuel losses, and the destruction of
government property including aircraft. Conversely,
the records show that the reactions of relatively
untrained personnel, under similar situations, cannot
be relied upon. The importance of proper training
can not be over-emphasized.
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CHAPTER 3

CHARACTERISTICS OF
AVIATION FUELS

3.1 INTRODUCTION.  There are basically
two different types of aircraft fuels in use at Navy
and Marine Corps air activities - turbine engine fuels
and aviation gasolines (AVGAS). A knowledge of
some of the basic properties and characteristics of
these fuels is nezcessary in  understanding the
importance of delivering the proper fuel to the
aircraft.  Such knowledge is also valuabie in
understanding the nced for safety and caution in
nandling aviation fuels.

Turbine engine fuels and aviation gasolines are
petroleum products manutactured from crude oil by
refineries. Both are classified as flammable liquids
and will burn when ignited.  Under the right
conditions, they will explode with forces similar te
those of dynamite. Death can result if the vapors of
either type tuel are inhaled in sutticient quantities and
serious skin irritation can result from contact with the
fuels in the liguid form. In the liquid form, aircraft
fuels are lighter than water and in the vapor form
they are heavier than air. Consequently, any water
present in the tuels will usually seule to the bottom ot
the container.  On the other hand, vapors of these
fuels, when released in the air, tend to remain close
to the ground, thus increasing the danger to personned
and property. For safety and health considerations,
noth aviation gasolines and turbine engine fuels must
oe handled  with  equal  caution, Additional
information of the properties and characteristics of
aviation fuels and their ettects on the sate handling of
these materials is contained in Chapter 6 of this
handbook:

All aviation fuels are extremely good solvents.
For example, AVGAS  will dissolve  common
lubricants (such as oils and greases used in pumps,
valve, packing, and other equipment) and can cause
serious deterioration of miany rubber materials, It is
therefore extremely important that only materials
specially designed, tested, and approved for use with
aviation fuels be allowed to come into contact with
them.  Never use substitute greases, lubricants,
packing, ete. on or with fuel handling equipment
without first obtaining agreement from the cognizant

3-1

technical authority for the piece of equipment in
question,

Aviation gasolires are used for piston-type
(reciprocating) engines which are similar to
automotive =ngines in terms of their basic operating
principle. Turbine engine fuels, on the other hand,
are intended for use in an eatirely different type of
engine. In pluce of the pistons found in reciprocating
enginzs, turbine engines have an air compressor, a
combustor, and a turbine which they use to turn tuel
into usahle propulsion energy.  Since these are
completely different types of engines, they reyuire
different types of fuels for proper operation.  The

following  paragraphs  provide some  specific
information on 2ach type of fuel.
3.2 TURBINE ENGINE FUELS. While

aircraft piston engines are sensitive to the fuel used
and will only operate safely and satisfactorily on vne
grade of aviation gasolipe, most aircraft turbine
2ngines can use a variety of grades of aviation turbine
fuels. The difference between the grades of turbine
fuels is their volatility.  Table 3-1 lists the more
common grades of military and commercial aviation
turbine fuels and gives a rough comparison of their
volatilities through their Hash points (& measure of
e temperature at which the fuel can be iznited when
sitting in a pool) and treeze points (the temperature
at which the fuel forms solid crystals).  Detailed
information on the properties and requirements of
cach grade of tuel is contained in the applicable
specitication.

Although kerosene type turbine tuels, JP-5 and
JP-8, are much fess volatile than JP-4 and AVGAS,
under the right conditions, such as severe agitation,
mists can form which are as flammable and explosive
as AVGAS. Al aviation fuels must be handled
carefully,

B A e
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Grade Specification Fucl Type NATO Freere Flash Point Density
CODE Pomnt (°AP! Gravity)

IP-5 MIL-T-5624 Kerosene F-44 -Si*F 140°F 36 0-48.0
(High Flash) ~16°C 60°C

Military IP-3 MIL-T-5624 Wide-Cut F-10 T2°F | below -4°F 45.¢-57.0
-58°C -20°C

ip-8 MIL-T-83133 Kerosene F-34 -53°F 100°F 37.0-51.0
~471°C 3g°C

Jet A ASTM D 1655 Kerosene none -40°F 100°F 37.0-5t10
-40°C 38°C

Commercial Jet A-} ASTM D 1655 Kerosene F-35 -53°F 100°F 37.0-51.0
-47°C 38°C

Jet B ASTM D 1655 Wide-Cut none -72°F helow -4°F 45.0-57 0
-58°C -20°C

Table 3-1. Grades of Turbine Engine Fuels.

3.2.1 JP5 (NATO Code F-44). IP-5 is a
kerosene fuel with an especially high flash point
Lacilitating safety in shipboard handling. ftis the only
fuel that can be used for turbine engine aircraft
aboard ships and is used widely at USN and USMC
air stations. Because it has the highest density of all
the aviation tuels, JP-5 has the greatest aftinity for
dirt, rust, and water contaminants.

3.2.2 JP-4 (NATO Code F0). JP4 iy the
primary fucl used at Air Force and Army bases in
CONUS. P-4 is a wide boiling range petroleum
product including both gasoline and kerosene boiling

range  components, IP-4 exhibits better iow
temperature starting  than JP-S. JP-4 fuel s

intermediate between AVGAS and JP-5 with respect
o its tendencies to acquire and hold dirt, rust, and
witer contaminants. Tt is an alternate fuel o JP-5 tor
USN and USMC jet aiccratt. Both JP-4 and JP-5
fuels are procured  under Military - Specification
MIL-T-56024.

3.2.3  JP-8 (NATO Code F-34).  IpP-8,
procured under Military Specitication MIL-T-83133,
is a kerosene fuel similur w0 commercial jet tuel,
ASTM Jet A=l except JP-8 contains fued system icing
inhibitor as well as other tuel additives. [t is also
similar to JP-5 with respect to most fuel properties
except flash point and freeze point. Since its flash
point is aot as high as JP-5's it cannot be used for
shipboarg operations. The Air Force is currently in
the process of converting operations to JP-8 fuel in

order to  take advantage of Qs similarity  to
commercial aviation turhine tuel and improved safety
(lower volatility).

3.2.4 Turhine Fuel Additives. Although JP-5
and JP-8 are quite similar to commercial turbine fuels
Jet A and Jet A-1 and JP-4 is Lasically the same tuel
as Jet B, there are some very important ditterences.
In addition v smoll but significant ditterences in
volatility, all three military  tuels  contain the
tollowing  additives  which commercial jet  fuels
normaily do not:

Fuel System Icing fnhibitor (FSI)

Lubricity Additive (corrosion inhibitor)
Antioxidants (storage stability additives)
Static Dissipator Additive (JP-4 and JP-§
tuels only)

JP-4 and JP-8 tuels also contain static dissipater
additive (SBA) to improve their relaxatinn ol static
charges creaiad by tiltrution and tuel movement,
Since certain approved SDA additives  adversely
atfect the performance of Olter/separators, SDA s
not added to JP-5. JP-§ handling systems muat
therefore have static charge relaxation chambers
appropriate points in order to eliminate static charges,

3.2.4.1 Fuel System Ieing IWnhibitor (FSI).
FSITis added o the fuel for two reasons, it provides
icing protection and also acts as a biostat,
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324,11 lIcing Protection,  Even when the
tree water content ot the tuel is maintained below the
5 ppm level, FSH is essential hecause, in addition to
free water, aviation fuel contains a signiticant amount
of dissolved water.  In general, the amount of
dissolved water a fuel will hold in parts per million
{(ppm) is approximately equal to the temperature of
the tuel in degrees fahrenheit. For example, a tuel
which is 70°F contains approximately 70 ppm
dissolved water. It this fuel were cooled to 20°F it
would then contain 50 ppm free water and 20 ppm
dissolved water. When an aircratt is exposed to cold
temperatures such as high altitudes or very cold
weather conditions at sea level, the fuel contzined in
its tanks will drop in temperature allowing the water
which is dissolved in the fuel to condense out into
tiny droplets of free water. It the temperature of the
fuel drops fow enough (below 32°F) these droplets
will form tce crystals which will collect on sereens or
filters in the fuel system quickly blocking them. In
addition, the ice crystals can cause fuel system valves
o stick or maltunction preventing the aireraft pilot
from using or distributing his fuel load.

The result of uxing fuel without sutticient FSII
can he the Joss of an aireratt. Certain aircraft are
more susceptible o these problems than others
necause of difterences in their fuel system design as
well as possible tlight protiles. These aireraft are the
S-3A. US-3A, and SH-60. Fur this reason they
require a minimum FSI level of 0.03 percent by
volume in their fuel.  All other USN and USMC
ircratt do not require FSIT and may use IP-3 or
other approved fuel even if it does not contain any
FSIL

3.2.4.1.2 Biostat. FSII preveats the growth of

. funguses and  other  microorganisms which  can

develop at the interface between the fuel and any
water which collects at the bottom of the tank
(aircraft as well as fuel storage). Since these
microbiological  growths can form rapidly, clog
tilters, and degrade the fuel, every ettort should be
made to maintain FSTT levels as high as possible in
order o maximize its biostatic effect. The best way
of maintaining these fevels is to minimize contact of
the fuel with water which tends to leach out the FSHI
from the fuel. F-44 tanks must theretore be stripped
of water frequently - daily if any signiticant amount
of water accumulates within a 24 hour period.

3.2.4.1.3 FSH Materials. There are currently
two approved FSH materials. Both FSH materials are

MIL-HDBK-844(AS)

considered mutagenic in the neat state but are
considered sate once blended into the fuel.  Most
FSII is injected at the refinery or Defense Fuel
Supply Depot.  Shoreside personnel involved in the
handling and injection of these additives are advised
to follow all instructions, wear gloves and aprons,
and minimize their exposure as much as possible.
Since FSII materials tend to become concentrated in
the water which collects at the bottoms of fuel tanks
(atreratt as well as fuel storage) and filter/separators,
personnel handling these waterbottoms are advised to
tollow similar precautions. '

3.2.4.13.1 EGME.  Ethylene  Glycol
Monomethyl Ether, defined by MIL-1-27686. is the
approved FSIT material for use in both JP-4 and JP-8
fuels. Tt is also the original FSH material used in
IP-5. Older stocks of JP-5 may contain EGME since
complete conversion of afl FSI injection facilities o
DIEGME wus only recently accomplished.

3.2.4.1.3.2 DiEGME, Dicthylene Glyeol
Monomethyl Ether, procured to MIL-1-85470, is
currently the only approved FSH additive for use in
JP-5 hecause of its high Hash point. Since DIEGME
is also considered significantly less mutagenic than
EGME, JP-4 and JP-8 are currently being converted
to the use ot this FSII additive.

3.2.4.2  Lubricity Additive. A combination
lubricity improver and corrosion inhibitor additive,
procured under MIL-1-25017, s injected in all
Military turbine tuels ar the refinery in order to
improve the lubricating characteristics of the fuel. A
series  of  several  contiguous (one  immediately
following another) flichts with fuel which does not
contain one of these additives may cause abnormal
wedr or malfunctions of aircraft and/or engine ucl
system components. A few {lights (one or two) will
not contribute to such problems since the additives
tend to leave a protective coating on the components.

3.2.43 Antioxidant  Additives. These
materials, which are injected into the fuel at the
refinery, are particularly important for fuels which
have been processed at the refinery with hydrogen,
They insure that the tuel will be stable when placed
in long term storage (a few months o several years).
Commercial fuels do not need these additives since
they are usually consumed within a few weeks to a
couple of ronths. The first fuel property to drop
below specification minimums in an unstable fuel is
usually its thermal stability. Other properties such as
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total acid numbher, copper strip corrosion, and

existent gums can al~o fall below acceptable
minimums.
3.2.4.4 Static Dissipator Additive (SDA)

(JP-4/JP-8). JP-4 and JP-8 fuels are injected with a
special  additive  which  increases  the  fuel's
conductivity and helps relax static electric charges
which are produced during fuel handling operations
{filtration, pipeline movement, etc.). Static Dissipator
Additive (SDA), as this additive is now called, was
originally added to these fuels to prevent small static
initiated explosions which were occurring during
refueling of polyester foam filled USAF aircraft
tanks. The USN and USMC huve rever experienced
similar problems with foam filled tanks probably due
to aircratt tank and refueling equipment design
differences, In addition, limited laboratory testing of
SDA in JP-5 indicates one of the currently approved
SDA additive materials has an adverse effect on the
performance ot tilter/separators in their removal of
particulates and tree water from the fuel. SDA has
therefore not been added to JP-5.

When USAF or foreign government aircraft are
refueled with JP-4 or JP-8, the fuel must exhibit
conductivity above [00 p3/m as measured by a
partable conductivity meter. NSN 6630-01-115-2398.
An upper use limit ot 700 pS/m has been established
to pratect the accuracy of cerwin sensitive aircraft
tuel quantity gauging systems.  Since SDA s
depleted in the supply distribution system, USAF
policy hus been to add the additive as close as
possible to the using activity or base.  SDA s
therefore most often being added at Detense Fuel
Support Points (DFSP’s).

[t is not necessary for USN or USMC activities
o trequently test the conductivity levels of their
stocks of JP-4 or JP-8 fuel when they are only
refucling USN or USMC aircraft.  However,
oo wional testing ot the conductivity of these fuels is
recommended in order to ensure that SDA is heing
ivjected at  the proper level, especiaily  since
exces ively high levels can affect the accuracy of
certain aircraft gauging systems. It on such checks
tae fuel is found to be out of the specification
conductivity range, the injecting facility (DFSP or
retinery) should be informed immediately so that the
injectiv., rate can be adjusted accordingly.  In some
mnstances where the retueling of USAF aircraft is
involved, manual addition of SDA at base level may

be mecessary in order to prevent aircraft damage.
More information and assistance on this subject may
be obtained from the USAF Technical Support Team
located at Kelly Air Force Base, TX (DSN
9454617).

In a couple of special situations where very large
numbers of USAF aircraft are frequently refueled it
may be necessary to have the JP-5 supplied to a naval
air station injected with SDA. The above
deterioration use limits are then applicable to JP-5.

3.3 AVIATION GASOLINE. Very little
aviation gasoline (AVGAS) is currently being used by
the U.S. Military services. For this reason the
Military AVGAS Specirication, MIL-G-5572, was
cancelled in 1988 and Military needs are being
satisfied via the commercial specitication, ASTM D
910.

Aviation gasolines are graded according to their
pecformance in a similar manner to the "octane”
ratings used for automotive gasolines. "Performance
Numbers,” as they are called for aviation gasoline,
are also based on the performance of the fuel in
preventing engine knock, an extremely serious
problem in aircraft engines due to the continuous
high power demands placed upon them. The grades
of AVGAS were tformerly designated by two numbers
ie. 100/130. The first number indicated the
performance rating with a lean fuel-air mixture while
the szcond number indicated the knock rating with a
rich fuel-air mixture: The new ASTM designations
for these fuels now only refer to the lean knock
rating. As listed in Table 3-2, the three grades ot
AVGAS are dyed various colors in order that they
can he easily distinguished.

Grade 100 (high lead) and T00LL (low lead)
haveexactly the same performance characteristics and
can he used interchangeably. The refining industry
in the U.S. hus been changing over to the lower lead
version in order to meet Eavironmental Protection
Agency requirements. Grade 100 and Grade 100LL
may also be commingled in storage tanks at air
stations.  Please note that if these two fuels are mixed
an unusual color may result. Grade 80 is a very low
lead fuel with a lower performance rating. The very
high performance  fuel, 1157145, has  almost
completely disappeared and aircraft which used to
demand this fuel have been modified to accept
10OLL.




Since Avgas is the lightest (lowest density) naval
aviation fuel, it has the least tendency to acquire and
hold in solution dirt, rust, and water contaminants
making it the easiest aviation fuel to keep clean.

MIL-HDBK-844(AS)

All AVGAS contains some tetra-ethyl lead for
the improvement of its anti-knock performance. The
presence  of this fuel additive makes it very
deleterious to turbine engines so it is extremely
important that turbine fuels not be contaminated with
even small amounts of AVGAS.

ASTM D 910 MIL-G-5572 Color NATO Symbol
Grade 80 80/87 Red
Grade 100 100/130 Green
Grade 100LL 100/130 Low Lead Blue F-18
115/145 Purple

Table 3-2. Grades of Aviation Gasoline
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CHAPTER 4

CONTAMINATION OF AIRCRAFT FUELS

4.1 GENERAL. Basic information and
minimum requirements pertaining to the quality
contro! of aviation fuels at Navy and Marinz Corps
air activities are contained in Chapters 3 and 9 of the
NATOPS Aircraft Refueling Manual, NAVAIR 00-
80T-109. This chapter provides a brief review of
these requirements with amplifying information.

The major objective of fuel handling personnel
is to deliver clean, water-free, and correct fuel to
aircraft.  The fuel systems of modern aircraft are
complex and will not function properly if rfuel is
contaminated with dirt, water, or other foreign
matter.  Foreign matter in fuel can plug or restrict
tuel pumping and metering equipment and accelerate
the clogging of tuel filters.  Fuel contaminated with
water is harmtul because ice may be formed at high
altitudes also clogging aircraft components,  The
presence of water also permits the growth of
microorganisms in aircraft fuel tanks which hinder
the operation of components and cause corrosion in
tuel systems.

Aircraft engine failure or poor performance may
also be caused by incorrect fuel or by contamination
of the proper fuel with other petroleum products.
For example, a small amount of turbine engine fuel
in aviation gasoline can signiticantly reduce its anti-
knock quality. Similarly diesel fuel, fubricating oils
and hydraulic luids are harmful to the quality of both
types of aviation fuels.  Any contamination of
aviation fuels is to be avoided.

As a general rule. for aviation fuel to he
acceptable to aircraft it must be clear, bright, and
contain no free water.  The terms “clear” and
“bright” are independent of natural color of the fuel.
The various grades of aviation gasoline have dyes
added. Turbine fuels are not dyed and may be any
color from water-white to straw yellow,  "Clear”
means the absence of any cloud, emulsion, readily
visible  particulate matter, or  entrained  water,
"Bright” refers to the shiny appearance of ¢lean, dry
tuels. A cloud, haze, specks of particulate matter, or
entrained water indicates that the fuel is unsuitable
and points to a breakdown in fuel handling equipment
or procedures, '

4.2 TYPES AND SOURCES OF
CONTAMINATION. Aircrait  fuel can be
contaminated with particulate matter, free water,
foreign  chemicals, microorganisms, or any
combination of the four. In addition to the following
paragraphs which discuss these various types of
contamination. Appendix A is a guide to help in the
detection and understanding of the consequences of
the various types of contamination. In practice any
significant (deleterious) amount of coarse material
contaminant can usually be detected visually.

4.2.1 PARTICULATE MATTER. Particulate
matter appears as dust, powder, grains, flakes, fibers,
or stain.  Particulate matter, or solid contamination,
can be separated into two categories: (a) coarse
matter and (b) fine mutter,

(2) Coarse matter is matter thao can be seen and
that easily settles out ot fuel or can be removad by
adequate filtration. Ordinarily, Particles 10 microns
in size and farger are regarded as course matter, (a
micron is 1/1,000,000th of & meter or approximately
1725.000th of an inch). Figure 4-1 illustrate just how
small these particles can be. Coarse particles cloy
orifices and wedge in sliding valve clearances and
shoulders, causing malfunctions of tuel controls and
metering equipment,  They are also effective in
clogging nozzle screens and other tine screens
throughout the aircraft tuel system,

(b) Fine matter may be defined as particles
smaller than 10 microns. To a limited degree, fine
matter can be removed by settling, tiltration, and the
use of centrifugal purifiers. Particles in this runge
accumulate throughout tuel controls, appearing as a
dark shelluc-like surtiuce on sliding valves, and may
afso be settled out in rotating chambers as studge-like
matter, causing sluggish uperation of tuel metering
equipment.  Fine particles are not vigible o the
naked eye as distinet or separate particles: they will,
however, scatter light and may appear as point
Hashes of light or a slight haze in fuel. Oceasionally
a fuel contuminated with gross amounts of fine
particulate matter may be encountered which does not
respond to normal filtration and cleanup procedures,
For shiphoard applications rotify TYCOM or higher
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authority for guidance. It may be necessary to install
special 2 micron filters in order to bring such a fuel
within deterioration use limits.

S HUMAN HATR G arogT
100 WMITRONG t
DiasETER

10 MICRON 5 HCRON
PARTICLES PARTILEN

2R 200 MICHONS - 11 Ta

Figure 4-1. Enlargement of Small Particles
and Comparison to Human Hair

Particulate matter contamination most prevalent
in aircraft fuels are iron rust and scale, sand. and
airborne dirt. The principal source of iron rust and
scale is the corrosion in pipelines, storage tanks, and
other fuel containers. Sund and dirt are particularly
serious in extremely sandy or dusty areus.

Experience has shown that solid contaminants
(rust and dirt) can be held well below a level of |

milligram  per  diter  (mg/liter)  in a  properly
tunctioning  tuel  distribution  system. It solid

contaminants in fuel at aircratt dispensing points
exceed 1 myiliter when  measured by the
Contaminated  Fuel Detector, or by laboratory
analysis (ASTM Method D-2276), investigative and
corrective action should be taken to improve fuel
quatity. It solid contaminants exceed 2 my/liter,
defivery of tuel to aircraft will be stopped and
corrective measures completed prior to resumption of
tueling operations.

Hose Tale can be a source of fuel contamination
with some older types of hoses - especially the
collapsible varicties. Tale {soapstone) material, which
is applied to the interior of the hose hy the
manutacturer to aid the curing process, can be
dislodgea  during  normud handling and  reeling
operations.  Prolonged soaking in tuel also tends to
loasen tale,  Fueling stations subjected to a reduced
fevel of activity are particularly prone to tale

4.2

contamination. Although hose pickling is designed to
prevent this type of contamination it is not always
successful in doing so. Hoses manufactured to AP
1529/NFPA 407 do not have a talc problem and do
not need to be "pickled”.

4.2.2 WATER. Free water (undissolved water)
is a common contaminant of fuels and refueling
personnel must be concerned with it in two forms:
(1) entrained in the fuel and (2) as a separate phase
(liquid water). Entrained water is found in fuels in
the form of very small droplets, fog, or mist and it
may or may not be visible. When large quantities of
entrained water are present, the tuel will have a hazy
or milky appearance.  Water usually becomes
entrained in the fuel when it is broken up into small
droplets and thoroughly mixed with the fuel in
equipment such as pumps or meters. Given sufticient
time and the proper conditions, entrained water wiil
settle and separate from aviation gasoline; however,
since they are fairly dense compared to AVGAS or
motor gasoline, turbine engine fuels will hold
entrained water in suspension for long periods of
time. Once separated and settled trom the tuel, water
will cotlect at the bottoms of tanks, pipes and other
fuel system components.

Fuel will actually dissolve a small amount of
water, Dissolved water is absorbed into the fuel and
is not visible.  The amount a fuel will hold in a

dissolved  state is  dependent upon the  fuel’s
temperature. A rough correlation can be made

between a tuel’s temperature in degrees Fahrenheit
and the amount of water which can be dissolved in it.
For example, a tued at 60°F will hold approximately
60 parts per million (ppm) dissolved water, while at
30°F it will only hold 30 ppm. It is important to
note that as a fuel cools down, the water which is
dissolved in it at the higher temperature will come
out of salution and become free water.

Free water may be fresh or saline. Froe water
may be in the torm of a cloud, emulsion, entrained
droplets, or in gross amounts in the bottom of a tank
or container. Any form of free water can ciuse icing
in the aircraft fuel system components. A Fuel
System leing Inhibitor (FSI) is added w JP-4, JP-S,
and JP-8 to prevent the formation of ice in aircraft
fuel systems when temperatures full below  the
freezing point of water at high altitudes.  Because
FSITis preferentiaity soluble in water, prevention and
elimination of water from fuel transportation and
storage systems is essential.  Failure to eliminate




water could result in the loss of FSII below an
acceptable use limit.

Free water (water dispersed as a haze, cloud, or
droplets) in fuel can be disastrous in aircrait fuel
systems - particularly sea water. It can cavse filter
and fuel control icing, fuel quantity probe fouling,
and corrosion of fuel system components. Water is
also the one item essential for microbiological growth
to develop in aircraft tanks.

The maximum allowable limit of free water in
fuel at aircraft dispensing points is 5 ppm when tested
by the Free Water Detector. A satisfactorily
performing filter/separator  will  provide fuel
containing less than S ppm of free water. Should the
level of free water in fuel at an aircraft dispensing
point exceed 5 ppm, a second sample will be taken
immediately to ascertain if the second sample
confirms that the free water exceeds 5 ppm. If so,
fueling will be stopped uutil changes in procedure
and equipment are effected which reduce the free
water to 5 ppm or below.

4.2.3 CHEMICAL CONTAMINATION.
Chemiczl contamination usually results from the
inadvertent mixing of petroleum products. This type
of contamination affects the chemical and physical
properties of the tuel and can generally be detected
only by specific laboratory tests, These tests are
conducted at refineries, bulk terminals, and petroleum
testing laboratories.  Chemical contamination is
prevented by isolating tuels and providing separate
handling systems.  Pilots and personnel servicing
aircraft will seldom be confronted with chemical or
petroleum contamination and then will bhe able to
detect it only by an unusual color, appearance or
odor,

When doubts as to fuel quality cannot be
resolved by application of the standard fleet test
methods, fuel semples should be drawn and shipped
immediately to at least one »f the petroleum testing
laboratories listed in Appendix B,

During transportation by truck, railroad, barge,
tanker, or fleet oiler and during terminal or station
storage  there  are  frequent  opportunities  for
contamination with other bulk petroleum products.
In some instances it is not feasible to completely
ciiminate  the possibility of some  contamination
oceurring.  The use limits for tuel chemical and
physical properties listed in Appendix B of the
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NATOPS Aircraft Refueling Manual should not be
used to determine the acceptability of fuels from a
commercial  contractor. The procurement
specification should be adhered to in determining
acceptability of products from contractors.  If the
product no longer meets the procurement
specification but conforms to the chemical and
physical property limits in Tables I and 1, a request
for waiver wili be submitted to NAVPETOFF
together with pertinent facts concerning  the
circumstances and nature of the contamination. It is
important to stress that the prescribed use limits are
designed to serve as parameters ‘in determining the
quality of fuel in storage and not as procurement
criteria. Known contamination with other products
shall be limited to the percentages shown in Table
4-1.

The mixing of difterent grades or types of fuels
is inexcusable and results from the careless operation
of the fuel handling equipment and facilities. It is

‘considered a sign of poor performance, poor

management, and inattention to aviation safety by
refueling personnel.  All personnel must know and
remember that small quantities of one fuel can
seriously contaminate and render unusable another
aircraft fuel. For example, the alterpate use of a
truck-mounted refueler for turbine fuel and aviation
gasoline can contaminate aviation gasoline sufticiently
to cause failure of an engine designed for high octane
aviation gasoline. - '

4.2.4 MICROORGANISMS, Microbiological
growth consists of living organisms that grow at the
fuel-water interface.  Fungus is the muajor source
responsible  for  problems  associated  with
microbiological contamination of jet fuels. Fungus is
a form of plant life; it holds rust and water in
suspension and acts as a stabilizing agent for
fuel-water-sediment emulsion. It clings to glass and
metal surfaces and can cause erroneous readings in
fuel quantity gauging systems, sluggish fuel control
operation, and sticking of low dividers.

Microbiological growth is  generally  tound
wherever pockets of water exist in fuel tanks,
Microorganism contamination appears as 4 brown
slime-like deposit which adheres to the inner surfaces
of tuel tanks.  Although bacteria and fungi are
present in most turbine fuels, the conditions necessary
for their growth include water, fuel, and trace
minerals.  Water remains the key ingredient,
Without free water there is no growth,




