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INTRODUCTION

Contaminafion of aviation fuels has been an area of great concern to aviators and engine
designers alike. At best, the contamination manifests itself in the form of a startup
malfunction or power degradation; or at worst, some form of in-flight engine malfunction.

A realistic assessment of the magnitude of this problem in Army aviation today must
include a fairly detailed analysis of two specific questions: (1) what is the severity of
fuel contamination in today's typical Army field environment? and (2) assuming that
contaminated fuel enters the aircraft fuel tank, what is the likelihood that various sizes
of solid contaminant will actually be drawn into the aircraft's fuel system and impact
engine performance?

This report deals With both questions by conveying the results c," two different investiga-
tions. The first program attempted to answer the first question by collecting representa-
tive fuel samples during both routine and intense Army operational situations. The
samples were next subjected to a sequence of analytical procedures to determine the
quantity and exact composition of contaminant. Sampling and analyses were performed
and documented by the US Army Fuels and Lubricants Research Laboratory (AFLRL).'
The second question was addressed by a test program in which a UTTAS (BLACK
HAWK) suction fuel system was simulated to study the behavior of various contaminant
particles under dynamic flow conditions.

Q. A. Russell, J. D. Tosh, F. M. Newman, M. K. Greenberg, and J. H. Frazar, Definition
of Aviation Turbine Fuel Contamination Under Simulated Combat Conditions, AFLRL
No. 90, U.S. Army Fuels and LubriQints Research Laboratory, San Antonio, Texas,
September 1977, AD A047223.

5



FUEL SAMPLING' TEST

BACKGROUND

The purpose of all fuel contamination specification requirements is to minimize the
likelihood of fuel-related incidents. Requirements can become more severe and less
realistic with time to the extent that qualification criteria may be challenged by either
fuel refi .ers or engine and component manufacturers. This process of challenge and
review of requirements often proves beneficial to both industrial and military interests
who share a common goal of maximum systems performance at minimum cost.

The fuel contaminant package (Table 1) for aviation gas turbine engine component
and systems qualification as prescribed in References 2 and 3 has come under some
criticism for being unrealistically severe. Fuel pump vendors have pointed out, for
example, that crushed quartz I'n various particle sizes was added to this package in
apparent response to the Korean wartime environment. At that time, fuel was some-
times stored in ground depressions covered with a flexible plastic liner. As this is no
longer practiced, vendors reason that the crushed quartz is unrealistically severe.

However, this criticism would not be grounds for relaxing contaminant size/type cri-
teria since qualification testing must be severe to provide an accelerated representation
of component life expectancy. A more pertinent and significant question is whether
or not the specified contaminant package is representative of the type of contaminant
encountered in Army aviation field operations. The fuel sampling test program was
structured to answer this question.

TEST PROCEDURE

During May 1976 through March 1977, 291 samples of fuel from seven diverse Army
aviation activities were collected and analyzed. One of these locations (Fort Hood,
Texas) may be considered as being typical' of peactime operations, while others were at
sites of intense training operations closely approaching a wartime situation. Samples
were also obtained at key points in the fuel logistic chain; e.g., underground storage
tanks, tank trucks, and rail cars. Fuel samples were obtained from aircraft and fuel
supply points participating in the following field exercises held during 1976-1977:

Solid Shield
Brave Shield XIV

Brave Shield XV

Reforger

Gallant Crew

2Military Specification, MIL-E-8593A, Engines, Aircraft, Tu,'boshaft and Turboprop,
General Specification for, 15 Octo!)er 1975.
3Military Specification, MIL-E-5007D, Engines, Aircraft, Turbojet and Turbofan,
General Specification for, 15 October 1973.
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The following. t2chnique for fuel. sample collecticn was developed and adrfered- to in all

cases:

* Clean around aircraft fuel sump drain to remove all foreign matter.

* Open fuel sample container (525-ml Nalgene linear polyethylene bottle) wle
in place under sump drain.

* Activate drain as necessary to fill fuel sample bottle.

• When bottle is full, place cap on container while in place under sump dra!l
to avoid inclusion of foreign material.

* Record aircraft registration number, type, sampling point, last aircraft refueling
location, type of refueling, and type of mission flown.

* Take sample immediately to AFLRL for analysis.

Each fuel sample was then analyzed sequentially as follows:

Step 1. Visual inspection for a general estimate of the degree and type of
contamination.

Step 2. Tyndall Cone - A light-scattering technique for qualitative evaluation of
particle size distribution of suspended material to- determine the type of filtration
required. A light beam is projected into the sample through the bottom of the
sample vial. Particle reflectance as seen in a darkened room permits estimation
of particle size and degree of contamination.

Step 3. Cascade Filtration -The total fuel sample is filtered vertically through a
stacked column of filtered elements of decreasing porosity. For those samples
deemed relatively clear, only two porosities, 8- and 0.451.micron, were used; for
samples having higher particulate content, stacked filters of 1000-, 500-, 300-,
102., 52-, 26-, 8-, and 0.45-micron were used. The 8- and 0.45-micron filters
were cellulose acetate and the others were nylon mesh.

Step 4. Gravimetric Analysis - The filters were heptane rinsed and dried. The
net weight increase of each filter was recorded. This, plus knowledge of each
filter's porosity, resulted in mass distribution histogram data for the select particle
size differentials.

Step 5. Photomicroqraphic Analysis - Filter elements were examined under a
microscope and those having significant contam'inant were photographed at 4X.

Step 6. X-Ray Fluorescence (XRF) Analysis - All fiLers were subjected to an
energy dispersive XRF analysis, a nondestructive technique for elemental assay.
Virtually all elements can be quantitatively identified by XRF. The. iQnificant
elements detected were iron, aluminum, silicon, phosphorus, sulfur, calcium,
chromium, titanium, copper, and zinc. From the distribution of these elements,
estimation of the mineralogical and metallic malkeup can be made, which facilitates
confirmation by more sophisticated methods.
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Step 7. X-Ray Diffraction. Selected contaminant materials were removed from
some of the filters and analyzed by X-ray powder diffractometry. The diffraction
patterns were compared to ASTM powder data file standards. Compound com-
position and crystalline structure were then determined.

Figure 1 presents a flow schematic for the above analysis sequence.

VISUAL INSPECTION (
[TYNDALL CONE INSPECTION

PARTICULATE MATTER > 10m NEGLIGIBLE CONTAMINATION_T _7
MULTIPLE ELEMENT CASCADE FI LTRA7 ION 2-ELEMENT CASCADE FILTRATION

(1000, 500, 300, 102, 52, 26, 8, 0.45 pm) (8, 0.45 pm)

GRAVIMETR GRAVIMETRIC
ANALYSIS ANALYSIS

PHTMICROGRAPHY

X-RAY FLUORESCENCE X-RY UORESCENCE

!T

SELECT PARTICULATE MATTER] SELECTIPARTICULATE MATTER(

X-RAY DIFFRACTION

* Mass and Particle Size Distribution
& Elemental Analysis and Compound Identification

Figure 1. Contaminants analysis sequence for JP-4 samples.
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RESU LTS

JP-4 particulate contaminants data for the several operational sites are summarized in
Tables 2 through 13. Laboratory sample numbers, sample dates, and aircraft/unit
identificat*ion are self-explanatory. Particulate concentrations (in grams per thousand
gallcn5) have been calculated and reported as the oxides of the metals even though
the element is determined by X-ray fluorescence. Reporting all iron as Fe2-0 3, all
silicon as SiO 2 (quartz), all aluminum as A12-03, and all calcium as CaO is the only
possible way to permit comparisonoof data to specification values.

Numbers in parentheses (30.0, 4.0, and 8.0) at the bottom of certain columns represent
the specification levels l'or iron oxides, silicon dioxide, and "road dust" (see Table 1).

Hood Army Air Field,, Fort Hood, Texas (1976)

Prior to participating in scheduled Army field training exercises, AFLRL personnel took
11 fuel drain samples from aircraft at Hood, AAF. These aircraft were either used,4i
routine training operations with the Second Armored Division stationed at Fort Hood,
or were transient aircraft undergoing periodic maintenance. Visual inspection and subse-
quent filtration and gravimetric analysis showed contaminant levels (see Table 2) for all
samples to be lower than specification levels, so no cascade filtrations were performed.
This was intended as a field/lab familiarization exercise as well as to provide initial
data.

All aircraft samples were taken at belly sump drnain points, since sampling from other
points in the aircraft would have entailed disassembly of internal fuel system components
and consequent interruption of the air support mission. All ump samples actually repre-
sent maximum particulate contamination accumulated between preflight or maintenance
sump drain operations.

Oak Grove Army A-r Field, Fort Bragg, North Carolina (1976) - Solid' Shield
In this first sampling from a field exercise, relatively low contamination was found in
26 samples from active aircraft and 3 samples from nozzle and bladder/sump drains at
the fixed fuel point at Oak Grove AAF (see Table 3). For this reason, no cascade
filtration was performed.

New Mexico Air National Guard Training Exercise, Biggs Army Air Field (1976)

Three samples in Table 4 (6466, 6476, and 6486) had such high contaminant concentra-
tions that cascade filtration was indicated. Data for this analysis are given in Table 5.
These three samples were collected from the Biggs (Fort Bliss) AAF underground fuel
storage complex:. Samples 6466 and 6476 were obtained with a sampling thief from
tanks three and five, approximately 1 inch above each tank bottom. All tanks had been
cleaned and filter elements changed in February 1976, approximately 90 to 120 days
prior to the AFLRL sampling. Sample 6486 was taken immediately downstream of the
filtration system serving tanks three and four jointly. Samples from tanks four and six

9



(6471, 6481) had far less contaminants as compared to the other samples in Table 5,
but still had quite high levels as compared to most aircraft samples. The sample taken
immediately downstream of the joint tank 5/6 filtration system (6493, Table 4) showed
virtually no contamination.

Contaminant concentrationc for the five extreme cases (Table 5) are expressed in g/1000
gallons for consistent comparison to the preceding tables, and particle size distribution in
microns has been determined by gravimetric and X-ray fluorescence analyses which give net
particulate mass and predominant elements, respectively. Determination of compound class
from element distributiori was quite straightforward. For sample 6466, iron compounds
comprised 99 to 100 percent of the mass down to 300 microns and comprised 80 to 90
percent thereafter to 8 microns. The balance was silicon, and subsequent X-ray diffraction
analysis confirmed that all iron was present as Fe2 0 3 or FeO(OH), and all silicon as SiO 2 .
The same was true for sample 6486, except that more SiO 2 was present in the 8- to 500-
micron range. Sample 6486 had, in addition to iron oxides and quartz, significant amounts
of calcium and aluminum, Again, X-ray diffraction ronfirmed these elements to be present
as calcium aluminum silicates (CaAI 2Si2O8 ), a clay-like material indigenous to the south-
west United States.

Table 6 presents particulate distribution data for the four aircraft having highest con-
taminant leve!s, from the Fort Bliss (Biggs AAF) operation. No mass distribution data
could be obtained for samples 6487 or 6492, since all particulate matter was captured
on 8- and 0.45-micron filters and consumed for X-ray diffraction analysis to determine
compound class distribution. It is significant that the values for ihese samples approached
specification levels and came from aircraft having recently completed several NOE missions
over desert terrain.

Brave Shield XIV (1976)

All samples for Brave Shield XIV were taken at the single fixed refueling point at
Yakima Firing Range, Washington. Data are given in Table 7. Again, contaminant
levels for 23 samples from aircraft belly drains and 3 samples from refueling trucks were
found to be below specification levels. For this reason, no subsequent gravimetric
analysis was deemed to be necessary.

Reforger, Germany (1976)

Thirty eight aircraft belly drain samples (see Table 8) were taken at several aircraft
deployment positions. In addition, numerous samples were taken upstream and down-
stream of individual bladder-filtration units and at exit nozzle points. Since one of the
points of supply prior to the hardpoint refueling stations was a railroad tank car, it
was possible to obtain samples from the tank car itself and after filtration through the
discharge filter separator. Sample 6600 shows a total nonferrous oxide level of 16.566.
Of this quantity, 15.806 was found to be composed of a silicon compound. This was
attributable to a single tuft of inorganic material, and cascade filtration was therefore
not required. The source of the tuft remains unknown; it was downstream of the
filter separator. It is quite likely that subsequent filtration would have removed this
item from the fuel flowstream,
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Three aircraft samples (6594, 6603, and 6614) were found to have sufficiently high par-
ticulate concentrations to warrant cascade filtration and subsequent X-ray diffraction
analysis for compound class. These are given in Table 9. For sample 6594 (AH-1G No.
70-1.6045), it was found that iron oxide particulates were distributed across the total
range of filter porosities. Quartz and calcium silicates took the form of rather fine
particles in the 8- to 52-micron range while zinc compounds (likely from paint) were in
rather large chips of sizes in excess of 1000 microns. For 6603 (OH-58A No. 71-20497),
enormous quantities of iron oxides and zinc compounds of relatively large particle size
were found. These were likely from fuel system rust and ingested paint compounds. For
sample 6614 (AH-1G No. 71-21031), contamination stemmed both from iron oxides and
quartz. The uniform distribution of both contaminants indicates that the source would
be both fuel system rust and clay- or sand-like materials ingested into the fuel system
during refueling or maintenance operations.

Brave Shield XV, Eglin Air Force Base, Florida (1976)

Thirty aircraft belly drain samples were taken; two samples were from tank trucks used
to refuel these same aircraft (see Table 10). In this operation, four individual aircraft
(samples 6664, 6665, 6666, and 6667) were found to have significant particulate con-
tamination and were cascade filtered. Data for these four aircraft are given in Table 11.
For sample 6664 (OH-58A No. 70-15613), the dominant contaminating material was
quartz, the likely source being sand ingested during refuellng-or maintenance operations.
Although contamination was somewhat less for the other three samples, the domination
of quartz was still apparent; this was not surprising because of the location of this
exercise.

Gallant Crew, Fort Hood, Texas (1977)

Two of the 32 aircraft belly drain samples for this exercise underwent cascade filtration
(see Table 12). At least three other samples (6897, 6898, and 6901) had total non-
ferrous oxide contamination at a level to warrant cascade filtration, but since no Tyndall
Cone effect was observed, this could not be ascertained until after initial filtration. For
sample 6895 (CH-47C No. 70-15008), the principal contamination stemmed from both
quartz and calcium silicates, indicating a mixture of sand and clay from outside sources
(see Table 13). To a lesser degree iron oxides were present, again likely from fuel
system rust. Sample 6914 (CH.47C No. 70.15019) had roughly the same relative distribu-
tion of quartz, calcium silicates, and iron oxides, although at a considerably lower level.
Such clay/sand mixtures are indigenous to the Fort Hood area.

SUMMARY

From the preceding data, it can be seen that the contaminant concentration levels of the
vast majority of aircraft sump drain samples were far below the specification particulates,
but an appreciable number of aircraft samples (appro~imately 7 percent) plus numerous
points in the refueling systems showed concentrations far exceeding those specified by
Table 1. The fact that drain samples taken from operational Army aircraft contained
concentrations of the same order as a test contami'ant package criticized for its severity
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must be placed into proper perspective. These samples were: (1) taken from the lowest
point in the aircraft fuel systems, (2) upstream of on-board aircraft fuel filtration elements,
(3) cumulative in the sense that most residual particulate matter will settle to the drain
area over a period of time, and (4) calculated as oxides of the elements identified
(Fe2 0 3, Si0 2, A1203 , CaO) as opposed to costly quantitative analysis required for identi-
fication of clay-like compounds. For the above reasons, the, data as presented represent
a worst possible case with respect to comparison to specification values. Probably the
most impcrtant fact uncovered by this investigation is that significant quantities of the
exact elements and compounds specified in MIL-E-8593A and MIL-E-5007 were, in fact,
found in on-board aircraft fuel systems, even though this fuel had been subjected to the
extensive upstream filtratiQn prescribed for an Army aviation fuel supply. This would
certainly verify the reasonableness of contaminated fuel packages specified by the above
military specifications.
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DYNAMIC FLOW TEST

BACKGROUND

The most recently designed aircraft for US Army service have incorporated a negativw
pressure or suction-type fuel feed system from the aircraft tanks to the engine. This
system, employs an engine-driven fuel pump that draws fuel from the tank, eliminating
the requirement for a submerged continuous-operation, tank-mounted boost pump. The
negative pressure feed system has come about primarily due to the desire to improve
vulnerability and crashworthiness of Army 'aircraft.

During the same time period that suction fuel system requirements were being established,
major changes were being made to the engine design specifications with regard to fuel
contamination. These changes resulted in the requirement to qualify engine fuel systems
using fuel contaminated with particles of crushed quartz up to 1500 microns in size
(Table 1). Previous specifications had called for particle sizes up to 420 microns.

In an effort to minimize pressure drop, no fuel filtration is provided between the fuel
tank and the first stage of pumping (the negative pressure portion of the system). The
first stage of fuel pumping is exposed to unfiltered fuel that may contain particles as
large as 1500 microns. The logical question arose as to whether these larger particles
would actually be entrained in the fuel and be drawn up through the aircraft fuel lines
into the engine-driven pumps, in view of the very low flow velocities characteristic of a
suction fuel system. This dynamic flow test program was therefore devised to answer
this question.

TEST PROCEDURE

The primary objective of this testing was to determine the behavior of particles of con-
taminant in JP-4 fuel under dynamic flow conditions simulating the inlet area of a typi-
cal aircraft suction fuel system.

It would have been desirable to use actual aircraft fuel system components at the fuel
inlet, but this hardware was not available. The fuel inlet area was therefore fabricated
so as to be representative of the actual hardware in terms of' general configuration, inlet
zone opening, and final tubing size. No attempt was made to exactly duplicate the
internal configuration of the inlet housing such as flapper valves, negative "g" valves, or
check valves. Figure 2 shows a comparison between typical aircraft hardware and the
test configuration. It was recognized that flow within the actual hardware would result
in local disturbances and areas of increased velocity which would probably not exist in
the simplified test hardware. However, it was felt that these differences would not

affect the overall behavior of any particles as long as the flow area at the top of the
inlet chamber (line to the engine) was duplicated.

In order to simulate the entire range of flow conditions which might exist in an
operational vehicle, fuel flow rates corresponding to three flight conditions were
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calculated: engine idle; maximum power (IRP at sea level); and maximum power-cross-
feed, where both engines are feeding from a common line. This resulted in the following
fuel feed flow rates and flow velocities in the 3/4-inch fuel line to the engine:

Power Condition Fuel Flow (gpm) Flow Velocity (fps)

Engine idle 0.25 0.18
Maximum power 1.92 1.40
Maximum power-cross-feed 3.84 2.80

Since the primary concern of the investigation was the behavior of larger particles, it
was decided to start with crushed quartz near 1500 microns and to determine how
readily their movement through the inlet could be detected. The test tank, fuel inlet
chamber, and line to the fuel pump were fabricated from clear Plexiglas to allow visual,
observation of particles to the extent possible.* A fine filter was installed at the pump
exit with the idea that filter inspection would be necessary to obtain a quantitative
indication of the particles being drawn from the test tank. As it turned out, all the
particles of interest (>420 microns) could readily be observed through the clear tubing.
Figure 3 schematically .shows the layout of the test equipment.

RESULTS

The test rig was first flow-checked and the flowmeter calibrated. Contaminant particle
identification runs were then made by introducing particles at the pump inlet and then
examining the test filter for the presence of particles. The contaminant was available in
the size ranges as called out in Table 1. The larger particles (1000 to 1500 microns)
we,, introduced first and could readily be observed on the filter surface. Successively
smaller particles were trapped on the filter and it was determined that good visual identi-
fication could be made down to 150 microns. Smaller particles were not checked.

The fuel tank was then filled approximately two-thirds full with fuel and the-system was
readied for the suction tests. The first test series was run with the 1000- to 1500-micron
particles. The particles were introduced at the fuel surface over the inlet pipe (see
Figure 3), settling to the tank bottom immediately in front of the simulated inlet fixture.
None of the particles would move toward the inlet even at the highest flov, ondition.
(At this point, the behavior of the individual particles could be easily observid.) The
particles were then introduced while the fuel was being agitated with the electric stirring
device. Still, none of the particles would flow in the direction of the inlet area.

A device was then fashioned to introduce the contaminant directly into the inlet area.
This consisted of a small scoop which would be positioned as required. Figure 4
schematically shows the locations where the contaminant was introduced. When placed
in Location No. 1 with the fuel flow at the maximum condition, simulating two engines
drawing from one inlet, the particles still failed to be drawn up into the inlet pipe.
When placed in Location No. 2, the particles were drawn into the pipe and travelled to

*Any use of materials such as Plexiglas for fuel lines requires very careful attention to
proper grounding techniques to dissipate static electric charges.
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the fuel filter. While continuing to dispense particles at Location No. 2, the flow rate
was gradually reduced until at a flow rate of approximately 1.0 gpm the particles failed
to continue up the pipe to the filter.

The same tests were then repeated in a similar manner using the 420- to 1000-micron
particles. Again, none of these particles would travel up the inlet pipe when placed in
Location No. 1, but when placed at Location No. 2 they readily moved into the system
and were trapped by the filter. The flow rate was then varied over the entire range of
0.25 to 3.84 gpm to determine the behavior of the particles. At the 0.25 gpm idle flow
condition, some of the particles would move up the fuel pipe. However, most of the
contaminant remained within a few inches of the mouth of the pipe, circulating locally.
As the flow rate was slowly increased from 0.25 gpm, the particles almost immediately
moved up the pipe and into the filter.

No further testing was conducted with particles smaller than 420 microns. It was
obvious that the smaller sizes would be induced into the fuel inlet tube and move more
readily than the larger ones once they got into the area adjacent to the inlet pipe.
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CONCLUSIONS

The fuel sampling program conclusively showed that fuel contamination to the extent
specified in current turbine engine design and qualification specifications does occur in
normal field service operation of US Army helicopters.

The suction fuel testing indicated that contaminants up to the largest particle size
specified (1000-1500 microns) could be drawn into the engine fuel system. It is there-
fore concluded that both the quantity and character of the 'contaminants currently
specified in MIL-E-8593A and MIL-E-5007D are reasonable.

The point which has not been addressed here is the .matter of the total exposure of the
engine components to the contaminated fuel, i.e., the test hours called out by the quali-
fication reqt,irements. This is the most difficult aspect of the whole contaminated fuel
issue to qipantify. But if the results of the work reported herein are considered in terms
of the potential total life exposure of engine components, it is not difficult to imagine
that some systems could reach contaminant exposure times of the prder of that currently
specified.

The current design approach to suction fuel systems for helicopters seems adequate--that
is, the minimizing of pressure drop in the aircraft fuel system and the use of relatively
fine (less than 30 microns absolute) filtration to protect most of the engine fuel com-
ponents with a single stage of pumping designed to handle the full amount of contami-
nant.
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TABLE 1. FUEL CONTAMINANT PACKAGE FOR MILoE-8593A
ENGINE COMPONENT QUALIFICATION TESTING

Contaminant Particle size, Quantity,
'Um g/1000 gal

Ferrous-Ferric Iron Oxide 0-5 14.0
(Fe, 04, Black color,
Magnetite)

Ferric Iron Oxide 0-5 14.5
(FeO,, Hematite)

Ferric Iron Oxide 5-10 1.5
(FeC 0, He13atite) (30)*

Crushed Quartz 150- 300 1.0
Crushed Quartz 300- 420 1.0
Crushed Quartz 420-1000 1.75

Crushed Quartz 1000-1500 0.25
(4)*

Prepared dirt conforming Mixture as follows:
to A.C. Spark Plug Co. (8.0)*
Part No. 1543637 0.51(12%)
(Coarse Arizona road dust) 5.1 (12%)

10.20 (14%)
2040 (23%)
40-80 (30%)
80-200 (9%)

Cotton-linters Prime cotton linters, 0.1
First Cut Staple No. 7
(U.S. Department of
Agriculture Grading
Standards) as ground
in a Wiley Mill and screened
through a 4 mm screen

Crude napthenic acid 0.03% by vol

Salt water prepared by 4 parts 0.01% by
dissolving salt in by weight of NaCI vol entrained
distilled water or other
water containing not 96parts
more than 200 parts per by weight of 11, 0
million of total solids.

*Sub-total
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TABLE 3. JP4 PARTICULATE CONTAMINANT CONCENTRATIONS
,T IFORT BRAGG, NORTH CAROLINA (OAV, GROVE

ARW: .AIR CIELD)

Prticulate concntration. O/1000 gala
Sample Date Aircraft Aircraft Unit A b erotal ToaS

no. rcg no, type le
b  

si
b  

Al
b  

Non.lerrous Prarlculitc SumpOxidesc Contitminants

6413 5.17.76 70.16300 UlfI.I "lf"Co.82Avnfn 0.044 0,154 0.061 NIld 0215 0,259 LI'

6414 5.17.76 70.16,100 UlfI.I "B"Co,82 Avn Bn 0.014 Nil Nil Nil Nil 0.014 RF

6415 5.17.76 71.20251 Ul.lll "B" Co. 82 Avn Itn 0,040 0.039 0,207 Nil 0.246 0.286 LI:

6416 5.17.76 71.20251 UlfI.I "l" Co, 82 Avn Bn 0.028 0.073 0.106 Nil 0.179 0.207 R1

6417 5.17.76 66.17144 Ull.l1 28 Enr Odc 0.072 1,062 0,361 Nil 1.423 1.495 RI

6418 5.17.76 66.17144 U11.111 28 Engr lde 0.002 0,234 0,055 Nil 0.289 0.291 LI

6419 5.17.76 70.15152 OI1.8A 3rd ldie 0,097 0,797 0.098 Nil 0.895 0.992 LF
6420 5.17.76 68.16817 O1.38A 3rd lde 0.055 1.919 0.122 Nil 2.041 2.096 LF
6421 5,17.76 68.15150 OII.58A 3rd Le 0.071 0.442 0.130 Nil 0.572 0643 LI

6422 5.17.76 72.21SC U11.111 571h Md Dich 0.042 0.290 0.054 Nil 0.344 0.386 RI'

6423 5.17.76 72.21508 U11.111 57Th Med Dich 0026 0,079 6,073 Nil 0.152 0.178 LI

6424 5.17.76 73.21859 U11.111 57th Mcd Dich 0027 1.354 0,081 Nil 1.435 1.462 RI'

6425 5.17.76 73,21859 Ulf.llI 57h Med Dich 0:082 0,248 0.099 Nil 0.347 0.429 LF

6426 5.17.76 7020221 U11.111 "A"Co, 82ndAvnBn 0.063 0.458 0,122 Nil 0.580 0.643 RI *

6427 5.17.76 70.21220 Ull.l1 "A" Co, 82nd Avn On 0071 0.499 0.176 Nil 0675 0.746 LF

6428 5.17.76 70.38748 U1.111 146th hied Dich 0.050 0,581 0.122 NO 0.703 0,753 RI

6429 5,17.76 70.38748 Ulf.II 146thhied Dteh 0,032 0.139 0.051 Nil 0.190 0.222 LF

6430 5.17.76 71-20263 U1.111 146th Med Dich 0.031 0.062 Nil Nil 0.062 0.093 RI'

6431 5.17.76 71.202;13 UlfI.I 146th Mcd Dtda 0.029. 0.048 0,013 Nil 0.061 0.090 LI'

6432 5.17.76 64.13586 U11.111 146th.:cd Dth 0054 0.176 0.191 Nil 0.367 0,421 R!

6433 5.17.76 64.13586 Ul.1 1461h Med Dich 0.032 0.171 Nil Nil 0)171 0.203 Li

6434 5.17-76 71-217o. UlfI.I 1461h Medlteh 0.0 0. 0.099 Nil Nil 0.099 0,113 RI

643$ 5.17.76 71.21761 Uil.1f 1146th MdDtch Nd 0,040 0.11$ Nil 0.155 0.155 LI'

6436 5.17-76 146h hied Dtch Nil Nil Nil Nil Nil Nil

6437 5.18.76 - "D" DIch407ih S&S Nil j Nil 0,046 Nil 0046 0.046 -

6438 5.18.76 - "I)tl)ch4 0Ith S 0,064 1.388 0,223 Nl 1.611 1.675 -

6439 5-18.76 71-20230 U11.111 5t171hTraniCOSCOM Nil Nil 0.065 Nil 0.065 0.065 RF

6440 5.18.76 71-20230 Ul.li 517ithTrani COSCOM 0087 0.557 0,242 Nil 0.799 0.885 LF

6441 5,1-76 70,15084 Ol1.58A 18thAirborneCoris. Atq 0.020 0.644 0.164 Nil 0.808 0.828

AV F-85930 concentrallon (30.0) (4.0) (80) (42.0)

Notesm Numbprs In parentheiesirc designated concentrations ($11000 gal) for speciic constltuents of AV- E85930 fluid.
bCahhcd As I o, 0,. 5)O, Ali O,,and CaO, respectively.
a All p4111cUlAtC matter Iets than 10 )AM,
'TWet Non.I crrous Oxides - SiO, ,+ Al1 0, CaO.
riNd-11elow lower lirit of rtolution by X.Rky Iluoreecenc (<0 001 g/00 gal),
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TABLE 4. JP-4 -PARTICULATE CONTAMINANT CONCENTRATIONS
AT FORT BLISS, TEXAS- (BIGGS ARMY AIR,-FIELO)

Sample D Aircraft Aircraft loni'tta
00 0 i$ 1, . type Uni rc Sib Alb Cab Nn-v2encus Particulate Sump

I I Oxides'C onamnat

6483 (W-576 li3d All Can 0,123 0.09S NOi' Nit 0.095 0.218
6418 6"1 5.76 3rd All Cay 0.04S Nil Nit Nil Nil 0045
6462 6-23.76 . - 3rd Air CAY M509 02193 0.063 Nil 0,256 0,31
6462 6'13.76 liAir CaV 0071 0.095 Nil Nil 009S 0,120
6472 6-13-76 3rd AirCav 03224 0.264 Nil 0.0)70 034 42
6477 6.13.76 - . 3rd CaY iIII Nit Nil Nil NI Nil Nil
6461 6-IS-76 68-16346 Ulf-III2 3rd Air Cav 0059 0.194 0.109 Nil 0303 0.362 RP
6482 6-1S.76 68,16346 WI.222 11 rd Cov IT 0.222 0,130 Nil Nil 0.230 0.252 1.11
6437 6-13-76 71-20994 Al2.IG Jrd Ait Cav tljthpaticlastconenraion.SreeTable 6, 24.97 A

6492 6-15-76 71.2094 AII.IG Itid All CAn 2Itpattk'lateo ticentiatiin. SteTable 6 3.79 1,

6495 643.-76 66-771 Ulf-Ili1 3rd Can ilti (NoI1 0478 jN I Nit .7 01 I

6497 6.13.76 66-177 11.111 ltd CoyIT 0.3 0.080' Nil Nil 0080 0.222 RV'

6499 602576 70029$3 All-16 lid Alt Can lhigb particiulate conntation. StoTablo 6. 2.0ot

6473 6.21576 71-2058? 011-SBA 3rd Air Can 0.231 .4 )1 Nil f 0323 0,454
6496 602.16 7P230661 O11-58A lid Ali Csv I2p vaikualalncirenrion. Se Tauil 6. 1.600

6498 6-lS-76 71.208$1 011,511A 316 Ait Cat, 0It2 0.162 Nil Nil 01162 0.183

6494 6-15.76 72.21412 011-18A 3rd Ai Caw Nil 0.277 Nil Nil 0.271 0277t

6490 60,376 -2831idIcdll 0.07 0093 Nil Nil 0093 0.230
6489 6.3.6 . 2$3rd Med filchi Nil 04167 Nil Nil 0.067 0.067
6479 6-1$.16 66.26634 1,11-1112 283(d AwnCo 0.022 0.102 Nil Nil 01202 0k]12 Ri'
6484 6,0-16 66.16634 Ulf-Iit1 21131d MavCc 04022 0.104 Nil Nil 0,104 0.126 I'll
6468 6,15,76 68,25284 11111 2831rd Awn Co 0.01) 0,W5 0,06 Nil 0.191 0,114 RV'
6467 602.76 68.25284 11111 283rd AwrtCo 027 0.297 01110 Nil 0407 0.434 2,2'1

6464 6,1546 66-119) 11111 Ili IelAnb Vo 041 0394 0059 Nil 0.403 0,474 R11

6485 6215.76 66-1193 112.22 7 174 tli A mila:o Nil Nil Nil Nil Nil Nil 1.1'

64701 620-76 66-16819 112222 7 171Ile IA nb 0 0023 0,111 0.069 Nil 0482 0.504 Ri'

646S 6219.76 (A-161119 1111412 1 7(lh I tI Anb Co 0014 022 Nil Nil M.2S 0.129 I,'
6474 6.25.76 70116386 1112.222 717th ileIAmb Co Nil 0.196 Nil Nil 0296 0.196 R11

6469 6.3,76 1046386 11111 717tItlAmtb Co 0011S 0.120 Nil Nil 0.220 0123S 2.2'

6480) 6,15.16 74.22431 1121.122 M2ilt iteAmb Co Ni11 0248 Nil Nil 0.248 0,248 RI'

6475 645,.76 74,22431 1111.212 7111h li eAmb Co Nil 0262 Nil Nil 0.162 0.262 LIZ

6.291 6216.76 74.22472 UlfIl~2I 717thtl2I Amb Vo Nil 0.030 Nil Nil 0.050 0050 RV'

6480 6.216.76 74.2Z472 Ulf-Ili 71711% lif Aib to 04133 0241 Nil Nil 0242 0,214 LI'

6466 642 5-76 V 110 l 11111i P3101,11141 eCn1ienA0110DA SensTable 7. 54 000

641 6045~6 ll0~1 lipalikulat ommnisstion Ste Tabile S 4000

64~ VA 6257 , 92O

6416 624176 1)214. lirlapAtllieacntat i ~rlors, ScoTuit $. 652S300
6482 6.B.76 DIO.W'L 221ya 1 1 1 110

16h krll~ocat~la See Tabi5r IL0

4493 6,15476 IO )L 04362 022 Nil Nil 04122 0114

AV-1 .859)11 tnw'xtcAtin 130.0) Mot)181 (4201

N.'X.r.Nil. v 'tnt4rardait.di ilrtain111iO.1 r onniIuaiianntiofAVAM49311 test fluid,

't iAkvhit 4% 1agO~n SIO and( 4, o tall,

I________)CA),



TABLE 5. PARTICULATE SIZE, MASS, AND CLASS DISTRIBUTION
FOR BIGGS ARMY AIR FIELD UNDERGROUND STORAGE
TANK SAMPLES

Sanple Compound - Estimated particulate concentration, 1000 -al

Location >1000 500-1000 300-500 102-300 52-102 26-52 8-26 0.45-8
no. class .'TotalPm Pm m Pm pUm Pm Pm Pm

6466 Biggs AAFDIO.POL Iron oxldesa 203 100 58 96 97 85 70 Nil 709Tank 3 Bottoms Quartzb Nil Nil Nil 8 8 16 13 Nil 45

6476 BiggsAAFDIO-POL Ironoxdes4 991 270 270 1890 1060 1040 196 Nil 5717
Tank 5 Bottoms Quartzb Nil Nil 23 354 199 195 37 Nil 808

Biggs AAF DIO.POL Iron oxidesa  Nil Nil Nil 135 9 Nil I Nil Nil 144
6486 Ndzzle Downstream Quartzb 29 142 287 203 13 Nil Nil Nil 674

of Tank 3/4 Filter Calcium

sillcatesC 2 9 19 13 1 NIl Nil Nil 44

Biggs AAF DIO.POL Iron oxides a  d d d d d d 1 d I

6471 CenlerofTank4 Quartzb d d d d d d 2 d 2
Calcium
silicatesc d fI d d d d I d I

D ias AAF DIO.POL Iron oxidesa d d d d d d 8 d 8
Center ofTank 6 Quartzb d d d d d d 2 d 2Calcium

silicatesc' d d d d d d I d I

aAS Fe, 0'.
bAs SiO- (quartz).

,As CaAI 2 Si, 0,.
All particulate matter collected on 8-pum filter and consumed during XRD analysis.
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TABLE 6. PARTICULATE SIZE, MASS, AI1,D CLASS DISTRIBUTION
FOR BIGGS ARMY AIR FIELD - REFUELED AIRCRAFT
SAMPLES

Sample Aircraft Compound Estimated particulate concentrat on, g/1000 gal

no. (unit) class >1000500.1000 300-500 102-300 52-102 26-52 8-26 0.45-8 Total
14m jimn m Am Pm P m pm pm

OH-58A, 71-20667 Iron oxidesd Nil Nil 0.18 0.07 Nil Nil Nil Nil 0.25
6496 (3rd Air Cay) Quartze  Nil 'Nil 0.05 1.15 0.15 Nil Nil Nil 1.35

AII-IG, 70-1595 3a Iron oxidesd Nil 0.02 0.20 0.02 Nil Nil Nil Nil 0.24
6499 (3rd Air Cay) Quartze  Nil 0.27 1.10 0.40 Nil Nil Nil Nil 1.77

AH-IG, 7 1-2 09 84 b Iron oxidesd g g g g g g 1.00 g 1.00
6487 (3rdAirCav) Quartze  g g g g g 10.03 g 10.03Calcium

silicatesf  g g g g g g 3.94 g 3.94

AII-IG, 71-20984, Iron oxidesd g g g g g 0.57 g 0.57

6492 (3rd Air Cav) Quartz e  g g g g g g 2.27 g 2.27
Calcium
silicates f  g g g g g g 0.95 g 0.95

aFront Drain.
bAft Drain.
cFront Drain.
dAs FeO,.
0tAs SiO (--Quartz).
"As CaAI2 Si2 Os,.
gAll particulate matter collccted on 8-pm filter and consumed during XRD analysis.
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TABLE 8. JP-4 PARTICULATE CONTAMINANT CONCENTRATIONS FOR REFORGER

Particulate Concentration, gllOOO gal.a

Sample Aircraft Aircraft Alb b c~b Total Total
no. le. no. typ Unit Fec Si t C Non.Ferrots Particulate Sump

6579 71-20142 Ulf-Iif "A" Co, 5111 Trans On 0,1112 0.854 Nild 0.026 0.880 0.992 RI'
6578 71-20142 UlfIII "'A" Co, 5th Trans On 0.216, 0.953 Nil 0.039 0.992 1.208 LI'
6613 74-22359 UII.111 "A" Co, 5111 Trans Bn 0.049 Nil Nil Nil Nil 0.049 RI'
6612 74-22359 Ulf-III "A" Co, 5th Trans Bn 0.178 0.894 Nil 0.122 1.016 1.194 LI'
6591 4S9-15369 UlfIII "A" Co, 511 Trans On 0.398 Nil Nil 0.029 0.029 0.127 RI'
6590 69.15369 UII-lll "A" Co, Silt Trans Ont 0.129 1.095 Nil Nil 1.095 2.0-70 LI'
6593 69-15754 1.111.11 "A" Co,5Sth Trans On 0.111 Nil Nil 0.025 0.025 0.l06 RI'
6592 69-IS754 1)1-Ill "A" Co, 5 h Trans rin 0.074 Nil Nil 0.042 0.042 0.116 LI'

(6586 73,21709 UlfIli "A" Co, 5th Trans BOn 0.098 Nil Nil Nil Nil 0.098 RI'
6585 73-21709 Ulf-IlI "A" Co, 5th Trans Bin 0.123 Nil ,Nil 0.029 0.029 0.152 LI'
6584 70-15798 UlfIli "A" Co, 5th Trans Oni 0.130 1.328i Nil 0.050 1.378 1.508 LI'
6582 66-1913S C11-4713 "A" Co, 5th Trans Ont 0.429 1.558' 0.466 0]151 2.17S 2.604 R
6581 66-19135 CII.471l "A" Co, 5th Trans Oln '0,186 0.791 0,376 0.118 1,284 1.470 L
6580 67-IS721 AII-IG "A" Co, 5th Trans [in 0.297 2.945 0.549 -0.151 3,644 3.941 F
6594 70-16645 AII-IG "A"Co, 5th Trans Ont High Particulate 6onccntration. Jce Table 9 21.550 IT
6583 70-15238 Oll.58A "A" Co, 5th Trans lin 0.075 Nil Nil Nil Nil 0.07S
6589 68-16977 011-58A "A" Co. 5th Trans On 0.56 0.473 'Nil 0170 0,643 1,206
6588 67-17672 IIH - "B" Co, Sth Trans Oln 0.228 7.152 Nil 0.113 7,265 7.493 R
6587 67-17672 1UlfIlI "B" Co, Sth Tranis On 0.237 1,899 Nil -0.038 1.937 2.!14 LF
6595 Pol*Rapid Refill Point 'T)" Co, 426 S&S Hit 0.122 Nil Nil Nil Nil 0.122
6596 Pol.Rapld Refill P'oint "0)" Co, 426 S&S On 0. 155 Nil Nil 0,043 0.043 0.198
6597 Pol.Rapid Refill Point "Dl" Co, 426 S&S Bit 0.056 Nil Nil Nil Nil 0,056
6598 7C 1216 Tantk Truck "D" Co, 426 S&S On 0.068 Nil Nil Nil Nil 0.068 __

-6599 0-07-0 123-911 Railway 493 S&S Cu.87111 Maint Bit 0.102 Nil N'll 0.037 0.037 0.139
tank car

6600 007-0-323-9PI Railway 493 S&S Co, 87ths Maint Iln 0.683 15,806 Nil 0.760 16.566 17.249
tank car ______________

6601 70-15S61 011-58A 175 Av Co, I1st Arm D~iv 0,360 0,940 0.4630.0 1.511 1,871
6602 72-21405 Oll-58A 175 Av Co. I st Arm Div 0245 Ni 0346 0.131 0.477 0.722 __

6603 71.20497 011-58A 25 Av Co, VII Corpss Iligh Particulate Concentration. Se Trable 9 138.900
6604' 70-15172 011-58A 25 Av Co, VII Corps 0.136 0.658 0,5181 0,071 1.247 1.383
6606 70-15771 Ulf-IlI 25 Av Ca, VII Corps 0.087 Nil Nil Nil Nil 0.087 RF

6605 70-15771 UJIIll 25 Av Ca, VII Carps 0.072 Nil Nil Nil Nil 0.072 LF
6611 1NK02VN Tank truck 25 Av Co, VII Corps 0.097 1Nil INil Nil Nil 10.097

6609 68-15755 UII-Ill IIIC 2nsd Support Coin 0.095 Nil Nil Nil Nil 0.095 LI'
6608 73-21770 Ulf-IlI iltIC 2nd Support Coin 0.096 Nil Nil 0.022 0.022 0.118 RI'
6607 73-21770 Ulf-IlI l1lIC 2nd Support Cons 0.14 Nil Nil 0.124 0.1,24 0.265 LI'
=1 -74-2232W9 U-I-1 30111Trans Co 0.162 0.988 Nil 0.029 1.017_ 1.179 1RF

6617 74-22329 UJIIIll 30th Trans Co 0,133 0,836 0,385 0.038 1.259 1.392 LI'
6620 65-12773 U11.1l1 30th Trans Co 0.099 Nil Nil 0.068 0,068 0,167 RI'
6619 65.12773 UII-lll 30t11 Trans Co 0.085 Nil Nil Nil Nil 0.085 LIF
6622 69.17126 CII-47C 30th Trans Co 0.332 1.153 0.746 0.364 2.264 2.596 RI'
6621 69.17126 C11-47C 301h Trans Co 1.464 5.433 0.849 0,568 6.850 8.314 LI'
6623 70.15 127 011-58A 30th Trans Co 0.093 Nil INil 10.04 0.054 1 47 RI'
6615 71-20838 011-58A "BS" Troop 2117 Cav 1.523 2.468 11.501 10.485 4.455 15.978

-6614 71-21031 All.IG "C" Troop 2/17 Cay hligh Particulate Concentration. SeeTable 9 54.890 F

(30.0) (4.0) {8i) (42.0)

Notes, Numbers In parentheses are designated concentration (S/1000 gal) for specific constituents of AV-E.8593B fluid.
b Calcula ted as Fe5 .0SiO5, AI103 + CaO.
'All particulate matter less than 10juns.
c'rotal Non-Ferrous Oxides a SiOs + Al2 0, + CaO.
6Nil-B~elow lower limit of resolution by X-Ray Fluorescence (<0.001 g/1000 gal).
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TABLE 12. JP-4 PARTICULATE CONTAMINANT CONCENTRATIONS FOR GALLANT CREW

P'articulte Concentration, g/1000 jwl,2

Sample Dale Aircraft Aircraft Unit Fe~ Sib Ab t Non-l'crious pariculate Sumpy
No, itil. no. typo OxidesCi Coritaninints

6878 3-28.77 ladder No. I I2IhCOSCOM 0077 0.625 N1ld 0.039 0,664 0.741 -
6879 3-28.77 B Iladder No. 2 1311i COSCOM 0.058 Nil Nil Nil Nil 0.058 -
6880 3-28-77 -. lladder No,.4 13111 COSCOM 0.077 Nil Nil Nil Nil 0.077 -
6881 3.28-77 - ilIldcrtNo 6 1 3lh COSCOM Nil Nl Nl Ni i i -
688 3.28&77 111 ladde N.3 131 COSCOM Ni Ni Ni Ni Ni Nil __

6883 3.2-7 70-16211 UlfIII llllC'Iroop4l9Cav 0.103 0.460 Nil Nil 0.460 0.563 1(1'
6884 3.28-77 70-16211 UlfIII I I 110 T top 49 Cv 0077 0.313 Nil Nil 0l.113 0.390 Lit
6885 3.2807 71.20554 011-SRA ""rop7/17 Cay 0.198 7061 0.388 0,221 1.670 1.1168-
6886 3-28-77 71-20224 UlfIII I IK; roop 717 Ca 0.058 =U25H Wi -i- 0-.25-8 0.316 Lit'
6887 3-28&77 71.20224 UlfIII IliCTiroy 7/17 Civ Nil 0.263 Nil Nil 0,263 0.263 RI'
6888 3.28-77 69-15010 U1I.I11 iICToor, 7/17 Cdv NilI Nil Nil Nil Nil Nil I.'
6889 3.28-77 69-ISOIO Ull.Ill IllICTtoop 7/17 Cay 0065 Nil Nil Nil Nil 0.060 HI'
689011-328-77 71-20223 Ulf-IIl IlIC Ttoop 7117 Cv 0,122 0.608 0.188 0.117 L.913 21035 Lit
6891 3.28.77 71.20223 011-111 IIC Troo 717 Cay 0.152 0.791 10223 0.242 1,1256 1.....26. .... Itil.......
6892 3-28-77 70571 011-SHA 3rd fide A;i Ca 00 039 0 , 102 L096 1,201.
6893T 3-28.77 7015010 C11-47C "D"Co. 34sSrl 6AIClCI 0.517 11.33 0.929 0.114 2.376 2.893 Il
6894 3.28-77 V015010 C11-47C "11"Co. 341lrStitiSACCII 0.084f 0.27R Nil INil 0.278 0362 RI:
6895 3.28-77 1&.150)08 C11-47C "D"'Co34111iSl6ACCll lligh Particulate Concentratin (ww a bic 13) 11.780 LI1

6896 3428.77 fl.I108 C11.47C ""o, 341h Srit6ACCIJ 0.558 LW6~ Nil Nil 1.665 2,223 RIV
68i97 3.28.77 70-15027 C11-47C 'V'CoJ341hSpt6ACCII LOQ7 5.490 2.242 0 073 7.805 8,812 Lit
6898 3-28-77 70 15$027 C11-47C 111)" Co. 34 111Sp I6ACCII 1.46$ 8.754 3.738 0887 13.378 '4.84) Rif
6899 3-28-77 70-150125 C11.47C "I)" Co. 341b, SpI 6A1.XIl 0.107 Nil Nil Nil Nil 0,107 LI1

690 3-28-77 70.5025 C11-47C "D" Co 34ir SPI 6ACCII 0.104 0.262 Nil 0.297 0.560 0.664 I'm
6901 3-28-77 70-1502S C11-47C "W'Co 34t li 6ACCII 0,638 5.460 1.614 2.741 9.814 10.452 HKl
6902 3-28-77 M1.50,23 CII-47' 1D"Co 341h~npt6ACCI1 01.354 L.706 0,313 1.044 3.6 3.609 R
6903 3.29.77 66-00888 Ulf-III S281ihlrans, 1311 CoSCOM 0083 Nil Nil Nil Nil 0.083 I.'
6904 3.29-77 66&00188H U11-11l 5281h Trans. 13i1hCOSCOM 0123 0.111 Nil Nil 0111 0.234 RIt
0 JU7 75727756 - 3 -U-imh 162 AnCo (All) U.6 Nil- -Nil Nil Nil 007Lit
6906 3-29-77 70.11626S U1I-111 162 AvCo (A 11) 0.090 Nil Nil Nil Nil 0.090 RIV
6907 3.29.77 68-16614 UII-Ill 162 An Co (All) 0.269 0.646 Nil 0546 1.192 IA461 LI'
6903 3-29.77 68-16614 Ulf-IlI 162 An Co (All) 0,127 0.246 Nil Nil 0.246 0.373 NIz
6909 3.29-77 68-16627 U11,11l 162 AsCo (All) 0.082 Nil Nil Nil Nil 0082 Liz
6910 13-29.77 68-16627 1UII.IlI 162 An Co, (All) 0087 'd01 Nil Nil Nil 0087 P.1'

-6- F -. 2-7 T -~ Illaddee 108thl QR' _V Nil Nil Nil Nil 0063-
6912 3.29-77 PSI, 132 Tankrskl 108th QN1 0.093 Nil Nil Nil Nil 0.093 Nozzle
6913 3-29-77 PI'S- 132 TanliTrucli 1081iOM 0 067 1Nil INil INil Nil 0,067 Coin jilment
6914 32 9 77 70-15019 _( 1.4 1 _ "Co 34114 Spi 6ACCI IliplI Paticulate concnlardil Ite cl 13) 158.920 Itl
6915 3.29.77 70-15019 C11-47C "D)"Co 34thiSPI6AICC 0.322 1 0.511 0.329 0163 .003 R.2 il6916 3.29.77 70109 CI4C "D"Co341hiSpI6ACCHJ 163 1.2 3.2 736 2193 23.593 LI'
6917 3-2D7 7.59 CI-C )Co 341b Spi 6AcCIi 0.189 0233 1.223 0.521 1.977 1 2,166 LR_____

(30.0) (4.0) (8.0) (42.0)

Note*; Numbers In parcidiescs arc dcsJ~,ijted icontcnrtilfon (lOOO jul) lot lpe~liie constituents of AV'E.8593IJ fluids.1'CalculAtod as lecO,. SiO,. Al5O, + ,
IAll pirikultae mitlg flea% thn 10Mum
'Total Non-I circus Oxides -SO, * Ali 0, + CAO.

dj-Dlwlevel limit of restolution by X.Nui' l'luoresce (<0 001 /1l000jul).
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