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IIl. CRC Ad Hoc Panel on Commingled Fuels

A. Panel Membership

The CRC Ad Hoc Panel on Commingled Fuels was authonzed by the CRC Electrical
Discharges Liason Group on April 16, 1989. The Members of this Ad Hoc Panel are:

Bill Dukek (Leader), Howard Gammon, Cy Henry, Vic Hughes, Joe Leonard, Bob Mason, Ed
Matulevicius, Jack Muzatko, Frank O'Neill, Tom Peacock, John Schmidt, Bob Wayman, and
Gregg Webster

The Panel decided to conduct field surveys and full-scale simulated aircraft fueling tests.
In developing these programs, the Panel sought to minimize costs by soliciting member
cooperation to the maximum extent possible. The degree of cooperation by members and their
companies in carrying out the highly successful program was unprecedented.

In addition to the CRC Ad Hoc Panel Membership many others contributed their time and
talent to specific tasks. Specific tasks were:

1. Mini Static Tests

e Work to select the reference filter for the Mini Static field survey was performed at Exxon
Research & Engineering by Ed Matulevicius and Larry Stevens.

o The field survey was taken at three different locations:
+ Colonial Pipeline (Bob Mason) with measurements at Exxon Research & Engineering

(Lairy Stevens)

+ O'Hare International Airport (Frank O'Neil) with measurements at Shell (Gregg
Webster)

+ Los Angeles International Airport (Frank O'Neil) with measurements at Chevron
Research (Jack Muzatko)

o The laboratory program was undertaken at E. 1. DuPont de Nemours & Co. by Cy Henry
2. Stapleton International Airport Full Scale Tests

The full scale field tests were performed at the United Airlines Test Facility at Stapleton
International Airport. The test participants at Stapleton International Airport were:

Vic Hughes, Ed Matulevicius (Leader), Frank O'Neil (Co-Leader), Tom Peacock, Jim
Quinnette, Larry Stevens, Bob Wayman, and Gregg Webster

In addition, HL. Walmsley of Shell Thomton provided significant technical input in
interpreting the data.
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3. Field Survey of Equipment
The field survey to determine residence typically encountered in the field was undertaken

by Jack Muzatko of Chevron Research. Cy Hensy of E. I. Dupont de Nemours & Co.
helped develop the mailing list of various users cf aircraft fueling equipment.
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1. Executive Summary

1.1. Purpose & Scope

The purpose of the CRC program was to determine whether commingled fuels containing
low levels of static dissipater additive pose any additional electrostatic hazard over unadditized
fuel. Specifically, the program conducted the necessary experiments to determine electrostatic
effects of commingled fuels containing static dissipater additive with a conductivity less than 50
picoSiemens/meter (pS/m). It was also a goal of this program to survey existing systems and
make an assessment whether future fueling systems could cause additional electrostatic hazards
during the fueling operation. In order to achieve these goals, it was the scope of this program:

» To assess the range of conductivities present in Jet A at varicus locations.
+ To assess the charging tendency of Jet A presently being used in the United States.
» To develop large scale data regarding the charging tenden. .y of Jet A when it contains:
+ ASA-3 at conductivities less than S0 pS/m.
+ Stadis 47 at conductivities less than 50 pS/m
+ ASA-3 which has been clay treated from a conductivity of greater than 100 pS/m
to less than 50 pS/m
+ Stadis 450 which has been clay treated from a conductivity of greater than 100
pS/m to less than 50 pS/m
o To perform laboratory scale tests to further study the charging tendency of ASA-3 and
Stadis 450 in buth commingled Jet A and clay treated Jet A as needed to verify the results
of the other tests.
« To develop a database of the residence times typical of existing fueling systems.

1.2. Background

Static charge generation during fueling of an aircraft which can result in electrical
discharges was observed as early as 40 years ago. Since then there have been several significant
ignitions during ground fuel transfer or aircraft operations involving foam-filled tanks. Most
ground vehicle ignitions involved filling tank trucks which previously contained more volatile fuels
with kerosene, a practice known as "switch loading”. Large commercial aircraft have had only
three significant incidents, none of which resulted in injury. Two of these incidents involved the
same airport location and were connected with the introduction of a high charging filter paper in
the filtration and coalescence equipment. The paper was immediately removed from service. The
other occurrence, in an early type turboprop aircraft, was attributed to electrostatic discharge
during refueling when no other cause for the ignition could be found. In addition, there were a
number of electrostatic incidents involving military aircraft that were being fueled with JP-4,
particularly in tanks that were filled with reticulated foam.

Static charges normally are generated by fuel flowing through micro porous devices such
as micro-filters, filter coalescer elements, or absorbing media elements in common use today. Jet




fuel is low in conductivity and can retain any static charge generated for significant lengths of
time, thereby promoting the possibility of an electrical discharge. Two additives, ASA-3 and
Stadis 450, were approved for use in aviation fuel to increase the conductivity and, hence, to
dissipate the static charge more quickly. A conductivity of at least S0 pS/m was required in most
spesifications permitting these additives. In addition to static dissipater additive, other measures
were adopted to reduce the charging tendency of ground fuel systems

Sufficient residence time in the piping and hoses after the filter vessel, and elimination of
high charging paper separators have helped limit the total charge which enters the aircraft fuel
tanks. No specific limit on the charge density entering aircraft fuel tanks has been established.
However, a survey of the charge densities being delivered to aircraft at 6 commercial airports in
1970 reported charge densities within a range of -398 uCoulomb/m3 to 2000 pCoulomb/m3- The
approach to the design of ground equipment should be to limit the charge density of the fuel to
the level established as acceptable by the historical record. Since 1970, no accidents to
commercial aircraft have been attributed to static electricity charges generated in the refueling
equipment, indicating that the charge densities are below the hazardous level in current ground
fueling equipment and practice.

Several companies add static dissipater additive before loading trucks with jet fuel. This is
an optional company policy intended to enhance protection for personnel and equipment at the
loading rack when filling fuel trucks, especially when switch loading between gasoline and jet
fuels is permitted. This has produced instances where delivery and commingling of additized with
non-additized fuel has resulted in conductivities below 50 pS/m in the storage tank.

The issue whether these commingled fuels present an increased hazard over the non-
additized fuels with which the industry has had a significant safe fueling history was considered at
ASTM but not resolved. As a result ASTM asked the Coordinating Research Council (CRC) to
undertake the necessary work to determine whether commingled fuels could be used safely . The
ASTM request to the CRC includea the following questions:

o Do fuels containing static dissipater additive with a conductivity of less than 50 pS/m
present an electrostatic nsk in US. handling <ystemns?

o If fuels are clay filtered to a conductivity less than 10 pS/m can they e considered
additive free?

e Do likely changes in grourd fueling systems for aircraft lead to any change in the
assessment that static dissipater additives are not needed to protect facilities during
aircraft fueling?

13. Program

The program developed to address the A57M questions consisted of a number of phases
which looked at the effect of static charge generation of fuel containing low levels of static
dissipater additive flowing through filter/coalescers o1 absorbing media monitors. The key
clements of the progrum were:




o To measure the charge generating tendency of fuels presently found in non-additized
systems. The charge generating tendency of randomly selected fuels at three sites were
measured using the filter paper from a CA-22! filter/coalescer element.

o To determine the effect of commingling andor clay treating fuels containing ASA-3 or
Stadis 450. These experiments were performed in the laboratory using the Mini Stuti *~st
procedure as the charge generation measurement. The CA-22 filter paper anc ...e
absorbing media material from a CDF-H? monitor were used as reference filters.

o To determine the effect of commingling and clay treated fuels with siatic dissipater
additive in a full scale test. An 8000 gal horizontal vessel was used as a receiving tank to
measure the charge generated as a function of flow rate, static dissipater additive type, and
fuels which were commingled or clay treated to conductivity ranges of 10-30 pS/m.

o To determine the residence time typically found in ground fueling equipment during
fueling operations. The was achieved by surveying a wide variety of users. Residence
times for hydrant servicers and refuelers with filter/coalescers and for hydrant servicers
with monitors were obtained.

1.3.1 Mini Static Program

A field program to examine the range of conductivity present in unadditized fuels found in
the field was undertaken. Tests, using the Mini Static procedure, were performed on a number of
samples from three sites. The charge density was measured as the fuel passed through a filter
paper from a Facet International Model CA-22 coalescer element. This paper was chosen as a
reference because it provided a relatively high, consistent charge density in the reference fuel (clay
treated Jet A). It should be noted that while this pape: was relatively high charging, material from
absorbing media and filter/coalescers were on the same order of magnitude.

This paper provided a reference material tc look at relative charge densities of fuels from
various sites. It does not imply that the charge density would be high for the CA-22 element. The
actual charge density through an element is a sum of various factors, viz., the materal, the
configuration, and the manufacturing process as well as the fuel itself. The actual charging
tendency of a given element would requirc a much mcre extensive program which was beyond the
scope of this effort.

The charge density measurements on fuels from the three sites indicated:

o The charge density could vary substantially. The charge density seemed to increase in
variability as the conductivity increased. The absolute variability was higher in the multi-
product pipeline than for samples in dedicated pipclines.

o The charge density and sign of the charge is dependent on the source of the fuel.

o A significant number of fuel samples (~ 16% of the samples collected) had an
intermediate conductivity, i.e., 10-50 pS/m. There is no indication that these have
clectrical discharge problems in the present ground fueling system. This also agrees well

1Consists of section of pleated paper from Facet International CA-22 Filter Coalescer clement
ZConsists of section of the first layer of Velcon Filters 2" diameter absorbing media eiement Model Scries CDF-H




with previous work® where approximately 10% of samples had an intermediate
conductivity.

In addition to the ficld samples, a laboratory program was undertaken to examine the effect of
several variables on charging tendency. The data indicated:

o The charge generating tendency of Stadis 450 is proportional to conductivity.

o Clay treated fuels containing Stadis 450 behave similarly to commingled fuels containing
Stadis 450.

o For ASA-3, the charging tendency for both clay treated fuel and commingled fuel shows
a higher tendency than Stadis 450 for the same intermediate conductivity.

o Clay treated ASA-3 containing fuel shows a charging tendency higher than would be
realized by commingling fuel to the same conductivity level.

Based on this work, it was concluded that there are no effects which could make the
charge generating tendency of a fuel/filter combination worse than would be predicted from
extrapolating the results from a fully additized fuel to a fuel without additives. The increase in
charge density for reference fuel additized with static dissipater additive is 12 to 45 % of the
charge density variation in the fuel samples tested from the field. The effect of commingling
additized fuel samples with some of the higher charging fuel samples was not measured. The
conductivity in most cases would be sufficient to relax the charge to the levels found in
unadditized fuel. When ASA-3 is clay treated, significantly higher charge densities could result
than one would expect from conductivity alone. The level of charge density could be higher than
for an commingled fuel of the same conductivity entering an aircraft.

Other tests indicated that residual static dissipater additive which may have adsorbed on a
filter when additized fuel passed through it does not pose an additional hazard by desorbing into
non-additized fuel.

1.3.2 Full Scale tests

A full scale program was initiated at Stapleton International Airport to examine the charge
generated for commingled and clay treated fuels containing Stadis 45') or ASA-3. Fifteen tests
were run covering the range of fuel conditions which could result during an operation where
commingling is possible. The lower flow rate tested represented two cases. One case was when
the velocity at which the surface in the tanks nses, known as the rise velocity, of fuel in the tank
was similar to that found in an aircraft wing tank. The othcr flow rate was significantly higher in
rise velocity but similar in flow rate to some high fill-rate operations.

The data indicated that the charge density into the tank decreases as the conductivity
increascd. This is expected as there was sufficient residence time between the charge generator
and measurement point at the tank to relax the charge. However, this was not the case for clay
treated ASA-3. The charge density is higher than for any of the other fuel combinations tested.

A Survey of Electrical Conductivity and Charging Tendency Characteristics of Representative Fuel Samples from
Ten Major Atrports CRC Report (1975)




ASA-3 is a three component solution where conductivity is a result of the synergistic cffect
between two of the components. The implication is that clay treating to remove ASA-3 does not
remove all the constituents which cause electrostatic charge generation. The lower conductivity
resulting from the clay treating could not overcome the additional charge generated in the
residence time available in this test system.

During tne high flow tests, a number of electrical events were observed. A LOW level
“hiss" in the tank during fueling and which was heard by two investigators. A HIGH level event
that gave a perceptible discrete noise during the run. It also was recorded on a chart through the
radio antenna present in the system. HIGH level events were notec primanily at high flow rates in
non-additized fuel. Fuels with residence times less than ~1.9 seconds exhibited electrical events
except when the conductivity was greater than 50 pS/m. Fuels with a residence time of greater
than 2.5 seconds did not exhibit any electrical event.

These electrical events occurred as a function of total charge in the tank and the
conductivity. Higher conductivity fuel required a lower threshold before an electnical event was
observed. This agreed with previous observations where electrical discharges within the fuel were
observed. Similar analysis of the field strength at the top of the tank showed similar type of
behavior. While there is some debate as to the hazards involved with this type of discharge, for
the purpose of this study, a conservative approach was taken that no electrical event would be
acceptable during refueling.

It is recognized that the tank used in these experiments did not closely resemble an actual
aircraft fuel tank. However, further analysis indicated that while there is not an immediate
recognized hazard in fueling aircraft with low conductivity fuels, whether additized or
unadditized, it did indicate that there is not a large margin of error to accommuodate fuels at
significantly higher flow rates or charge densities.

1.3.3 Residence Times in Ground Fueling Systems Available for Charge Relnxation

Due to the complexity of fuel tank configurations, prediction of the charge density or field
strength cannot be made reliably. One necds to rely on the historical record to determine whether
there is sufficient residence time in current fueling systems to avoid electrical events. The data
indicate that if a ground fueling system is being operated without electrical incidents, then
there is no additional hazard to using unadditized fuels which have heen commingled with
fuels containing static dissipater additive. To provide some guidance, a survey was conducted
to determine the type of residence times presently found in the field. The results indicate that
residence times for hydrant servicers using filter/coalescers average about 12.8 seconds from the
element to the aircraft. For refuelers using filter/coalescers, the residence time is comparable (~13
seconds). This is because significant residence time is available in the vessel after the fuel has
passed through the charge generating filter/coalescer element. In systems using absorbing media
monitors, the residence time averages 4.5 seconds, with many units having residence times of 3.1
seconds. This is because the piping provides the sole volume available for relaxation of the
charge.




In order to prevent electrical events during fueling , one can follow two paths:

additize the fuel to a conductivity greater than SO pS/m. Under these conditions, no electrical
event was observed in this program. This is in line with previous work.

maintain a sufficiently long residence time for sufficient charge relaxation to occur. This relies
on the historical record at a given site. If one has had a long history of using a given system
withcut electrical incident, then the addition of commingled fuel or clay treating fuel
containing Stadis 450 will not increase the probability of an electrical event occurring. It is the
operator's responsibility to recognize that changes such as different filters, new designs of
equipment, etc., can have a significant impact on the charge density entering the aircraft.

1.4. Conclusions & Recommendations

1.4.1. Conclusions

The following conclusions resulting from the CRC Ad Hoc Panel on Commingled Fuels

program must be judged with respect to the design and operation of ground fueling systems for
aircraft. Tests were representative of the residence time for relaxation of charge in two systems:
one was indicative of current systems, the second was indicative of future trends involving higher
flow rates and shorter residence times in piping, hoses, and manifolds downstream of the filter
elements.

1.

The main conclusions from this study are:

Providing sufficient residence time for charge relaxation is critical in aircraft fueling

operations. When changes are made to the residence time available, such as

o replacing filter/separators with absorbing media monitors,

e operating at higher flow rates or with shorter piping runs following the charge generating
equipment,

or, if ground fueling system for aircraft become less conducive to charge relaxation than

current systems, situations may be created in which undesirable static discharges become
possible. Similar situations may resuit when changes in filter media or filter design result in
increased charge generation in the fuel.

Commingled fuels that combine fuels containing static dissipater additive (SDA) with non-
additized fuel do not exhibit unusual static charging behavior. These can be handled as safely
as non-additized fuels.

. Fuel containing SDA with a conductivity of 50 pS/m or greater does not present a hazard in

aircraft fueling in present day systems or in any anticipated future fueling systems.

Fuels with conductivity below 50 pS/m, including additive-free fuel, do not present a hazard
of static discharge with typical fueling practices currently employed. However, fuels in this
conductivity range (< 50 p&5/m) could produce static discharges if future changes in ground
equipment, aircraft design, or fueling practice significantly reduce residence time .




5. Fuel containing SDA should not be clay treated (unless re-additized to a conductivity greater
than 50 pS/m) since clay treatment can change the relative proportions of components
remaining in the fuel. This can produce unpredictable static behavior¢.

“In this program, only ASA-3 showed a large charging tendency at low conductivity when clay treated. When
ASA-3 is no longer used, this restriction need not be followed for ASTM approved SDA.




1.4.2. Recommendations

. Aircraft fueling systems should be evaluated periodically to determine if any exceed the
traditional practices in residence time (e.g., as surveyed in this report) or equipment charging
tendency. Such systems may require modification or addition of SDA.

. A small-scale charging tendency test should be developed to sense residual charge after fuel
flow through an apparatus that simulates aircraft fueling practice. This could be used to test
fuels, additives, and filter media.

. Fuel with conductivity less than 50 pS/m can be used in current fueling systems. Where higher
flow rates or lower residence times than current practice are seen, consideration should be
given to additizing the fuel.




2. Introduction

2.1. Static Electiicity in Aviation Fuels

Static charge generation during fueling of an aircraft which can result in electrical
discharges was observed as early as 40 years ago. Since then there have been several significant
ignitions during ground fuel transfer or aircraft operations involving foam-filled tanks. Most
ground vehicle ignitions involved filling tank trucks which previously contained lighter fuels with
kerosenc, a practice known as "switch loading". Large commercial aircraft have had only three
significant incidents, none of which resulted in injury. Two of these incidents involved the same
airport location and were connected with the introduction of a high charging filter paper in the
filtration and coalescence equipment. The paper wdas immediately removed from service. The
other occurrence, in an early type turboprop aircraft, was attributed to electrostatic discharge
during refueling when no other cause for the ignition could be found. In addition, there were a
number of electrostatic incidents involving military aircraft that were being fueled with JP-4,
particularly in tanks that were filled with reticulated foam.

Static charges are normally generated by fuel flowing thro.  .icro-porous devices such
as micro-filters, filter coalescer elements, or absorbing media elements. The refining and handling
of kerosene fuels has yielded a product which is low in conductivity and able to retain static
charges for significant lengths of time, thereby promoting the possibility of an electrical discharge.
This recognized potential hazard of flowing jet fuel through a charge generating surface led to the
development of static dissipater additives which, when added to the fuel, increase the fuel
conductivity and speed relaxation of the charge. Two additives, ASA-3 and Stadis 450, were
approved for use in aviation fuel and were adopted in various specifications. In these
specifications, a conductivity of at least SO picoSiemens/meter (p5:m) was required. In addition to
static dissipater additive, other measures to reduce the charge tendency of ground fueling systems
for aircraft were also adopted.

Sufficient residence time in the piping and hoses after the filter vessel, and elimination of
high charging paper separators have helped limit the total charge which enters the aircraft fuel
tanks. No specific limit on the charge density entering arcraft fuel tanks can be established. The
approach to designing ground equipment should be to imut the charge density of the fuel to the
level establishec as acceptable by the historical record Since 1970, no accidents to commercial
aircraft have been attributed to static electricity charges generated in the refueling equipment.

The use of static dissipater additive to improve fuel conductivity is universal in military JP-
4 fuel and in commercial Jet Al, the fuel employed by commercial airlines outside the USA.
However, the use of static dissipater additive has not been vadely adopted in the USA for Jet A
fuel commonly used by domestic airlines. In the United States, the fuel delivery system is largely
through multi-product pipelines. Thus, in order to ensure fuel cleanliness, clay treatment of 'he
fuel is commonly employed throughout the fueling network This trade-off between ensuring the
delivery of clean fuel and minimizing static charge generation has resulted in airlines using non-
additized aviation fuel and relying on other operating parameters, gained through a long history of
experience, to limit the amount of static charge delivered with the fuel to the aircraft. This history




has been generally obtained with fuels of conductivity less than SO pS/m. The ASTM D1655
specification for aviation fuel recognizes the value of static dissipater additives by permitting their
use provided the conductivity falls between the limits of 50-450 pS/m°.

Technically, the ASTM D1655 specification does not recognize the use of any fuel
additized with static dissipater additive which has been commingled with non-additized fuel
resulting in a conductivity of the fuel less than 50pS/m. On the other hand, several companies
specify the addition of static dissipater additive before loading trucks with jet fuel. This is an
optional policy intended to enhance the protection of personnel, the loading rack and fuel truck,
especially where switch loading between gasoline and jet fuels occurs. This has produced
instances where delivery and commingling of additized with non-additized fuel has resulted in
conductivities below 50 pS/m in the storage tank. This has raised an issue of v/hether these
commingled fuels presented an increased hazard over the non-additized fuels with which the
industry has had a significant safe fueling history.

An attempt was made to resolve this issue within ASTM. A Task Force formed to study
the issue was presented with data which showed that there were components in static dissipater
additives which were significant pro-static compounds. These components increase the
conductivity of the fuel and improve its ability to relax electrostatic charge. However, they also
tend to increase the amount of charge that can be generated. It was accepted that, at
conductivities areater than SO pS/m, charge relaxation due to the high conductivity more than
adequately compensated for the higher charge generation encountered by using the additized fuel.
However, data for commingled fuels with conductivities less than 50 pS/m were not clear cut.
Some data presented suggested that fuel containing traces of static dissipater additive with
conductivities less than 50 pS/m presented a greater hazard than non-additized fuels. Other data
disputed this finding, indicating that the additional charge generated was adequately compensated
by relaxation resulting from the increased corductivity of the fuel and the existing residence time
of typical ground fueling systems.

There was another pragmatic problem that resulted from having fuels with conductivities
less than 50 pS/m. One could not determine whether the fuel contained traces of static dissipater
additive or the conductivity was a result of ratural, and presumably, lower charging, contaminants
often found in the fuel. Since no adequate test is readily available to measure the charge density in
the field, conductivity measurements greater than 10 pS/m were considered as an indication of a
potentially high charging fuel. There was no consensus on how to deal with such fuels.

Because the issue of the hazards involved with commingled fuels at low conductivities

could not be recolved without further experimental investigation, ASTM D.02.J Subcommitiee on
Aviation Fuels trquested that the Coordinating Research Council resolve the technical issues.

2.2. ASTM Mandate

The purpose of the CRC program was to answer the questions posed by ASTM, viz.,

3Annual Book of ASTM Standards, Vol. $ 01
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23.

Do fuels containing static dissipater additive with a conductivity of less than 50 pS/m
present an electrostatic risk in US. handling systems?

If fuels are clay filtered to a conductivity less than 10 pS/m, can they be considered
additive free?

Do likely changes in ground fueling systems for aircraft lead to any change in the
assessment that static dissipater additives are not needed to protect facilities during
aircraft fueling?

Purpose & Scope

The purpose of the CRC program was to answer the questions asked by ASTM.

Specifically, the purpose of the program was to carry out the necessary experiments and tests to
determine whether commingled fuels containing static dissipater additive with a conductivity less
than 50 pS/m pose any additional electrostatic hazard during the fueling of aircraft. It was also a
goal of this program to survey existing systems and make an assessment whether design changes
in ground fueling systems for aircraft could cause additional electrostatic hazards during the
fueling operation. In order to achieve this purpose, several issues had to be resolved. It was the
scope of this program:

To assess the range of conductivities encountered in Jet A at various locations.
To assess the charging tendency of Jet A presently being used in the United States.
To develop large scale data regarding the charging tendency of Jet A when it contains:
+ ASA-3 at conductivities less than 50 pS/m.
+ Stadis 450 at conductivities less than 50 pS/m
+ ASA-3 which has been clay treated from a conductivity of greater than 100 pS/m
to less than 50 pS/m
+ Stadis 450 which has been clay treated from a conductivity of greater than 100
pS/m to less than 50 pS/m
To perform laboratory scale tests to further study the charging tend:ncy of ASA-3 and
Stadis 450 in both commingled Jet A and clay treated Jet A as needed to verify the results
of the other tests.
To develop a database of the residence times typical of existing fueling systems.
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3. CRC Program

The program which was developed consisted of a number of phases which looked at the
effect of static charge generation of fuel flowing through filter/coalescers and water absorbing
media monitors. A schematic of the program is shown in Figure 1. The various elements of the
program are described in the following sections.

3.1. Mini Static Program

In order to understand the vanability of charging tendencies of fuel in typical United
States delivery systems, a Mini Static charging program was developed. A clay treated Jet A fuel
was used as a reference fuel. All test programs and sites had a 5 gallon epoxy lined can of the
same fuel to check the behavior of their Mini Static system. A study to develop a reliable
reference filter had the goal of:

e  Providing consistent charge generation when fuel was passed through it.

e Providing a high charge generating material for comparing charging tendencies of
a variety of fuels

e Providing a reference filter which was typical of matenials in the field today. A
number of filter papers or absorbing media from a variety of elements were tested
for level and consistency of charging. This program is described in Section 4.1.

The choice of reference paper is not meant to provide guideance of maximum or
representative charging tendency. It does provide a methodology for assessing relative effects.
This has been a method which has been found to be useful in prior work and has been adopted for
this study.

Using the reference filter paper, Mini Static tests were conducted at three sites, viz.,
Colonial Pipeline, Los Angeles Airport, and O'Hare International Airport. Fuel samples were
taken over time at random. These fuel samples were then tested for charging tendency using the
reference filter and Mini Static test. The purpose of these tests was to get a measure of the
charging tendency of unadditized fuels present in the field. The presumption was that this
distribution of fuel charging tendencies was being safely handled in the ground fueiing systems
located in the United States. Thus if the variability of charging tendency of commirgied fue's fell
within the same range then one could presume that these fuels could be handled without
electrostatic hazard. The results of this work are described in Section 4.2.

In the final portion of these tests, a laboratory study was performed to study the effects of
commingling and clay treating on charging tendency. The purpose of this work was to determine

the range of charging tendency which could be expected when additized fuel was clay treated
and/or commingled with non-additized fuels. These efforts are described in Section 4.4.

3.2. Full Size Fleld Test

12
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In order to determine the charging tendency and field strengths which could develop in
representative equipment at actual flow rates encountered in the field, a full scale field test was
developed in which an 8 foot diameter, 8000 gallon horizontal cylindnical tank was filled at
different rates using a hydrant servicer equipped with water absorbing media elements (Velcon
CDF-H). This configuration using absorbing media was chosen because the elements are located
closer to the point of delivery to the aircraft. The shorter residence time provided in this system
reduces the time for relaxation of charge before delivery and hence provides a higher charge
entering the receiving tank than filter/coalescer systems. Tests were performed using additized
fuels at various conductivities before and after clay treating. These tests were done with both
ASA-3 and Stadis 450.

The configuration of the tank did not directly represent the typical configuration found in
aircraft tankage. However, this system was chosen because it offered the following advantages:

® The fill rates were typical of the maximum fill rates in fueling aircraft.

® The charge density from the hydrant servicer is representative of that found in
the field

® The charge density entering the tank was sufficiently high to provide electrical
measurements which could be analyzed

® The configuration was relatively simple and amenable to analysis. Thus, the
data obtained could be used to analyze other systems such as aircraft fueling
systems,

The tests are described in Section 6.
3.3. Analysis

To back up data obtained from the limited configuration of the full size field test and the
limited number of test data, an analysis was conducted to obtain a better understanding of the
importance of various elements which could lead to electrical discharge in real systems. In this
phase, charge relaxation , and electrical field strength were modeled and applied to the data
obtained. Based on work by Boeing, an attempt was made to qualitatively assess the sensitivity of
electrical charge and field strengths to various system factors.

The analysis is presented in Section §.
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4. Mini Static Program

4.1. Mini Static Test

In order to establish a measure of charging tendency in fuels, the Mini Static charging test
was used. The Mini Static Test protocol used in this program is described in Appendix A

In this procedure, the charging tendency of a test fuel is measured as it passes through a
reference filter paper at a constant flow rate of 100 mi/min. The charge density generated in the
fuel is calculated by measuring the streaming current from the reference filter holder. The charge
density is:

i 4.1.1

2

9o =

|

(The charge density is reported with the polarity of the fuel itself unless otherwise noted.¢)

This measurement can be used to measure charge density generated by a given fuel
relative to a specified reference filter. That is, if a reference filter of consistent quality is used, then
fuels from the field can be tested to give a relative rank order of charging tendency. Alternatively,
if a specified reference fuel is used, then the effect of various filter or absorbing media material
can be ranked.

The charge density generated depends on a number of factors such as the particular
fuel/filter type and contaminants or additives in the fuel. As such, the results obtained from the
Mini Static test does not provide an absolute measure of a fuel's ability to generate a charge.
However, with the selection of a reference filter which has a high charging tendency, the Mini
Static test can provide a consistent ranking of fuels sufficient to draw conclusions about variability
of fuels, effect of additives, and other pertinent factors.

In this study, a reference fuel was necessary to compare various materials which were

considered for a reference filter. It was also used to measure the charge density produced by the
reference filter obtained when the test was performed at various sites and at various times.

4.2. Reference Fuel & Reference Filter
4.2.1. Reference Fuel
The reference fuel was a hydrotreated Jet A fuel It was clay treated in accordance with

ASTM D39487. Four reference fuel samples were made in this way from the same batch of Jet A
fuel. They were stored in 5 gallon epoxy lined cans

6The variables are defined in Section 9
7Annual Book of ASTM Standards, Vol. 5.03
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4.2.2. Reference Filter

A reference filter is essential to provide a reliable common reference for use in the
program examining the charging tendency of fuels in the field. It also is required for referencing
the results of the laboratory tests examining various process parameters. For this study, a
reference filter was chosen:

« that has relatively good reproducibility and reliability
« that is representative of the types of materials in the field

To achieve this, representative filter/coalescer elements and absorbing media filters commonly
used in commercial fuel handling systems were evaluated to obtain reference filter candidates. For
filter coalescer elements, the element was cut open and the pleated filter paper was removed
Reference filter pads were stamped from the paper, being careful not to intersect the crease in the
paper. For the absorbing media elements, the first layer of absorbing media paper was selected for
the reference filter tests.

The elements selected for trial are given in Table 1. Each reference filter was stamped out
and placed in a dessicator for at least S days. Sufficient reference filter pads were made to provide
filters for the entire program.

In this selection process each reference filter candidate was tested in two fuels. The first
was a clay treated Jet A. The average water content of the fuel was 51 ppm and it had a
conductivity of ~1 pS/m. The second fuel was the same clay treated Jet A fuel as above, but this
fuel was dried by passing it through a molecular sieve filter. The average water content for this
fuel was 18 ppm. The conductivity was ~ 1 pS/m.

For each material, four reference filter pads were tested to get an average charge density
in each fuel. In each of these tests, the charging tendency of each reference filter pad was obtained
three times with the reference fuel using the Mini Static procedure. Clay treated fuel results are
shown in Figure 2. All materials showed relatively low charging tendency except for the Facet
CA22 Series filter/coalescer paper element and the Quantek FGO absorbing media material. When
the clay treated fuel was dried, the charge density dropped significantly (Figure 3). This was
especially true for the high charging materials. The variability also decreased significantly. The
average charge density is shown in Figure 4.

The data show a mix of charge densities for both filter/coalescers and absorbing media
elements. This indicates that there is no inherent higher or lower charge generating tendency for a
given type of material. However, a given material within a type can be significantly different. For
example, the charge density of the FGO water absorbing media is higher and more vanable than
the other absorbing media and the filter papers tested. The overall charge generation for a given
element/fuel is dependent on the summation of the charge generated by each layer of material in
the element as the fuel passes through it. Thus, the actual charge generation must be tested for a
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given element and fuel type combination and cannot be judged a priori from a single portior of an
element.

For the purpose of this test, the Facet CA22 Series filter paper was selected as the
reference filter: Several factors went into selection of the Facet CA22 Senes paper, viz,

o 1t was a relatively high charging material (-5t uC/m3 [uC/m3) £ 17 uC/m3)

o It had significantly less variability than the Quantek FGO absorbing media element in
the clay treated fuel. (-155 uC/in3 £ 60 uC/m3)

o Field samples were likely to contain a significant amount of water. Therefore, the
results from the clay treated only Jet A fuel were germane in deciding whether
sufficient charge generation would occur.

1t was also interesting to note that charge generation was dependent on the material/fuel
combination. Both ne 1ative and positive charged fuel was generated. Thus, fuel alone cannot be
used to determine th: ‘.agnitude or the sign of charge which will be generated. While the CA22
paper was rclatively high charging, it did not provide the charging tendency of Type 10 paper
which was used in similar Mini Static tests®.

4.3. Fleld Rosults

Inordertobe 4 to make a judgment about the differences in charge generation in fuels
additized with static dissipater additive, it was necessary to obhtain an indication of the charge
generation tendency of unadditized fuels found in the field. To do this, fuels were selected at
random from three sites and measured for charge generation tendency using the Mini Static Test
and the CA-22 reference filter. For each fuel, two Mini Static tests were run, each using a new
reference filter. For each test, the fuel was run through the filter three times. the last two runs
were used to obtain the static charge density. The initial run, using a new refer: 1ce filter, normally
had higher values of charge for the first few seconds of the run. The latter two runs using the
same filter were close in magnitude. Figures 5 through 9 show the last two measurements for each
sample

Three sites were chosen for these tests:

o Colonial Pipeline in Linden, NJ-- Fusl from this facility was representative of fuel
from a multiproduct pipeline.

o Los Angeles International Airport -- This fuel came from three refineries through a
dedicated pipeline.

o O'Hare International Airport -- This fuel was from specific sources which came to the
airport through dedicated pipelines.

In each case, samples of fuel where taken in | gallon epoxy lined cans and sent to a
laboratory for a Mini Static Test. The labs all had the same reference filters and the same

84 Survey of Electrical Conductivity and Charging Tendency Chcracteristics of Representative Fuel Samples from
Ten Major Airports CRC Report (1975)
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reference fuel stored in the 5 gallon epoxy lined can for calibration. Given the large variability
normally expected for the test, the data did not indicate a marked bias between laboratories

Figures 5 through 8 indicate the results of the field test program. The greatest variation in
conductivity and highest charge densities occurred in the Colonial Pipeline samples As seen from
this data, the variation in charge density increases with conductivity of the samples. Tkis is in
some contrast with previous work by the CRC? which showed that while there was a wide
variation of charge density, there did not seem to be any relation to conductivity. This could be
because the previous work had more samples than the present. Also, there were more locations at
which samples were taken. As seen from Figure §, location can play an important role in the level
of charge generated. Thus, the variation in conductivity could have been masked in the previous
work by location effects. Finally, the previous work was based on a high charging paper, "Type
10". The charge generated was higher than in this study. The high charging nature of the paper
could have reduced the variability of the magnitude of charge generated.

This study indicated that there could be a large vanation in charge density generated. The
sign of the charge generated also was dependent on the site. Fucl samples at O'Hare International
Airport showed little correlation with conductivity and formed, in general, a negative charge in
the fuel (Figure 7). The sign of the charge at LAX was mixed. One sample at higher conductivity
showed a reiatively high level of charge(Figure 6). However, others showed low charge levels of
both signs. Careful analysis of the location of the fuel indicated the charge density and the sign of
charge generated was dependert on the source of the fuel.

At locations where the fuel was transported through dedicated pipelines, the conductivities
of the fuel were below 10 pS/m. However, in a multi-product pipeline, a small number of fuel
samples had conductivities greater than 10 pS/m (Figure 8 and Table 2). Approximately 28% of
the samples were above 10 pS/m. The reason for these higher conductivity levels is not clear.
Presumably, these fuel samples were not additized with static dissipater. However, they still
showed high charging tendencies.

Based on the field test program, it was concluded:

o There is a wide vaniation of charging tendency of fuels present in the field today With the
exception of one sample, the variation in charging tendency ranged from -200 uC/m3 to
6000 uC/m3-

e There is limited evidence that the charging tendency is more variable at high conductivity.
Ground fueling of aircraft with these fuels has been safe despite this wide variation in
charge density.

o The charge density and sign of the charge in the fuel is dependent on the source of the
fuel. Multi-product pipelines can be expccted 1o have wider vanability than dedicated
pipelines supplying fuel from a single source.

9 ibid, CRC Report (1975)
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44.

There is a significant number of fisel shipments which have an intermediate conductivity,
i.e., 10-50 pS/m, which have had no electrical discharge problems using present fueling
systems.

Laboratory Program

There were several questions regarding the charging tendency of fuels which were

answered by a limited number of laboratory tests using the Mini Static procedure. This study
addressed:

The effect of commingling or clay treating fuel additized with ASA-3 or Stadis 450

The purpose was to examine the effect that commingling of additized fuel with non-
additized fuel might have on charge generation. Also included in the study was the effect
that clay treating may have on static charge generation [t was hypothesized that since the
static dissipater additives provided conductivity by a synergistic combination of different
species, clay treating might reduce conductivity by a preferential adsorption of one
particular component. The presence of the remaining compound might still provide
significant charge generation capacity.

The effect of adding both products, viz. ASA-3 and Stadis 450 to the fuel.

Since both products, viz., ASA-3 and Stadis 450, are likely to be used for sometime in the
future even though ASA-3 is no longer commercially sold, there was interest to see what
effect addition of both additives to the fuel might have on the static charge generation
tendency. This might occur in situations where one additive was initially used, but an
additional increase in the conductivity was made after delivery using another static
dissipater additive. A similar situation might occur where two fuels containing different
static dissipater additives were commingled

The effect of other fuel additives on static charge

Corrosion inhibitors were tested at levels considered to be “trace” and at full MIL-1-25017
loading. This was to determine whether high charge generation was possible when these
additives were present.

The effect of residual static dissipater additive udsirbed on filter on charge generation
tendency of the fuel.

One possible effect of having commingled fuels 13 \hat static dissipater additive may
adsorbs on the surface of a filter coalescer or absorbing media element. There is a
possibilicy that the static dissipater additive could desorb when unadditized fuel is passed
throiigh the same element, thereby increasing the charge generation tendency of the fuel
without the attendant high conductivity of an additized fuel

Miscellaneous tesis

18




Several samples from the full scale tests at Stapleton International Airport were tested
using the Mini Static test to see whether there was any correlation between the field
results and the laboratory results.

44.1. Efvect of Commingling or Clay Treating fuel with Static Dissipater Additive

The Mini Static procedure in Appendix A was used. The charge densities were calculated
from the average of the current values obtained at times when 20 and 25 ml of fuel remained in
the syringc Two runs through each pad were made to condition the reference filter and to reach
steady charging tendencies for the fuel. The third run was used to obtain the charging tendency
value for the test fuel.

The reference fuel was used as received in a § gallon epoxy lined can as the base fuel for
all of the tests. Commingling (dilution) of the samples was attained by adding 400 m! of the
reference fuel to clean 500 ml Teflon bottles. Fuel containing the maximum concentrations of
additives (3.0 ppm Stadis 450 and 1 ppm ASA-3) was then added to the bottle to obtain the
target conductivity.

Clay filtration was accomplisheG by filling a 12 mm | D chromatographic column with a
variable amount of Attapulgus clay obtained from a clay bag Approximately 400-500 m! of the
est fuel was passed through the column at constant flow rate The target conductivity was
obtained by adjusting the flow rate or amount of fresh clay in subsequent runs. Multiple passes
were required to removed sufficient ASA-3 to obtain fuel in the 5-12 pS/m range. Stadis 450 was
much more easily removed.

The resuits from these tests are given in Figures 9-10. Data for each additive at
conductivity less than 50 pS/m were linearly regressed The lines from the linear regression are
shown in the figures. Figure 9 indicated that an extrapolation of the line for the commingled
Stadis 450 data passes close to the original charge density obtained with the fully additized fuel
(3.0 ppm Stadis 450). The clay treated line shows a lower charging tendency. However, Figure 10
shows that the clay treated data for Stadis 450 is vanable The high value obtained at a
conductivity of 12 pS/m significantly influences the regression If eliminated, the regression would
more nearly represent commingled fuel line. Removal of the worse point for ASA-3 clay treated
fuel would narrow the difference between commingled and clayed treated fuel, but the trend
would still be the same.

The data for ASA-3 indicate that the charging tendency for both the commingled fuel and
clay treated fuel show a higher tendency than for Stadis 450 In addition, the clay treated data
shows a significantly higher charging tendency than the commingled ASA-3 fuel

Thus, this data indicate that the Stadis 450 additive tends to behave predictably, i.e., the

charging tendency is proportional to the fuel conductivity The ASA-3 additive does not behave
with the same predictability The charge tendency at low conductivity seems to be higher than
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would be predicted by a normal linear interpolation from a fully additized fuel. In addition the clay
treated ASA-3 fuel also seems to show a higher charging tendency than the commingled fuel at
the same conductivity. The difference in the data might resuit from the fact that ASA-3 containing
fuels had to be clay treated more severely than Stadis 450 fuels to achieve the same conductivity.
One can hypothesize that the ratio of components of Stadis 450 remains approximately constant
during clay treating. Thus, the effect of clay treating would be similar to that of fuel commingling.
On the other hand, the ratio of components in ASA-3 changes during clay treating. This could
result in a non-linear conductivity response of the fuel to the remaining constituents. The
remaining constituents could show a higher charging tendency than the conductivity level would
suggest.

Figure 11 provides the same test data for commingled fuels as above. Fuel was diluted as
described above to low conductivities using the maximum permissible amounts of ASA-3 (1 ppm)
and Stadis 450 (3.0 ppm) as starting point. However, in this series of tests, the reference filter was
changed to the absorbing media material from a CDF-H element. This was the same type of
element as used in the hydrant servicer at Stapleton Airport in the full scale tests. Because of the
known sensitivity of this media to humidity, the reference filter pads were placed into the filter
holder and then equilibrated overnight in a dessicator containing a calcium chlonde/water
solution, which gives a relative humidity of approximately 32% at room temperature. The filter
holder was used i, the Mini Static tests immediately after removal from the dessicator. The CDF-
H material showed a lower charging tendency than the CA-22 reference filter. Analysis of this
data showed that hoth Stadis 450 and ASA-3 fuel behaved similarly. In fact, the charge density
could be predicted by the equation:

g=-2.915-7.51k +0.0066k"

The conclusions reached in this st'idy &8-2 very dependent on the fuel/filter combination.
One explanation of the similarity in the charge density/conductivity relationship is that the much
lower charging tendency of the fuel ~n the CDF-H filter makes differentiation more difficult.
Another factor may be that Stadis 450 seems v~ oe much more sensitive to the filter material. A
compasion of Figures 9 and 11 show that ASA-3 did not change markedly between the CDF-H
and CA22 material when fully additized (~ -2400 uC/m3 at k=337 pS/m vs. ~-1050 uC/m3 at k
= 165 pS/m). On the other hand, Stadis 450 showed a marked difference ( ~ 2114 uC/m3 at k=
528 pS/m vs. ~ - 10040 uC/m3 at k=430 pS/m).

In addition, at intermediate conductivities (Figure 10), the charge density is within the
range of variation of samples obtained from Colonial pipeline Thus, one could expect the same
order of magnitude of charge density in commingled fuels as seen in present day pipeline samples.
Also, the sign of the charge for the commingled fuel was always negative.

However, these data do confirm the data in Figure 9 that the commingled Stadis 450 fuel

behaves as expected with conductivity. The ASA-3 additized fuel also behaves in the same
manner.
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Even though ASA-3 is no longer commercially available, it is expected that it will continue
to be used until supplies are depleted. This raises the possibility that mixtures of ASA-3 and
Stadis 450 could be in the fuel. To assess the impact of commingled additives, a fuel containing
0.5ppm ASA-3 and 1.5 ppm Stadis 450 was blended. This base fuel was then diluted to
intermediate levels. The results are shown in Figures 12 and 13. Figure 12 shows the total range
of conductivity. Figure 13 is a magnification of the low conductivity range. The lines in these
figures are linear regressions of the data at low conductivities, i.e., at k< 50 pS/m. The results
indicate that the charging tendency for high conductivities is similar to that obtained by additizing
the fuel with ASA-3 only to the same conductivity level. Commingling this blend with non-
additized fuel gives a reduced charging tendency which is proportional to the resulting
conductivity. This is similar to results with Stadis 450 alone. Clay treating gives an elevated
charging tendency to that of commingled fuel at the same conductivity. This confirms the data in
Figure 9 indicating that fuel containing ASA-3 has a higher charging tendency when clay treated
than does commingled fuel at the same conductivity level.

The clay treating in this program is significantly different than actual clay filtration of fuels
in the field. The flow rate per unit hold up and multiple passes can potentially affect the
constituents removed from the fuel and hence affect the charging tendency of the fuel. To study a
more realistic situation, a simulation of field clay filtration was performed. These filtrations were
accomplished using fuel coutaining either 3 mg/l of Stadis 450 or 1 mg/l of ASA-3. In these
studies the fuel was the reference fuel which was additionally clay filtered using the ASTM
D2550/D3948'° procedure. Fresh attapulgus clay was used from a clay bag for each subsequent
filtration of fuel. About 1200 ml fuel was charged to a 1 gallon stainless steel pressure vessel and
was driven through the side-stream sensor (as described in ASTM D5000!!) at a rate of 100
ml/min. This filtration simulates an actual clay filtration through clay bags or canisters. Mini Static
tests were performed using both the CA22 and CDF-H filter pads. The resuits are shown in
Figure 14. When the CA22 filter was used, clay treated ASA-3 fuel was only slightly reduced in
charging tendency even though the conductivity dropped from 540 pS/m to 4 pS/m. On the other
hand, the Siicis 450 fuel had a substantial drop in charging tendency. Using the CDF-H pad as
reference fi vz, The charging tendency of the clay treated ASA-3 fuel showed an enhanced
charging tendency over the fully additized fuel. The Stadis 450 fuel behaved normally with the
charging tendency of the clay treated fuel being significantly reduced.

Based on these tests, the following conclusions could be made:

o Commingling fuels reduces the charging tendency of the fuel roughly proportionally with
reduction in conductivity for all static dissipater additives, 1.e., ASA-3, Stadis 450, or
mixtures. This is mitigated somewhat by the Mini Static test work shown in Figure 9
which indicates a higher than proportional charging tendency for commingled fuels
containing ASA-3. However, this was not supported by other experiments. In fact the
conclusion as stated was supported in other tests in this program.

o Clay treating of fuels containing Stadis 450 alone behaves similarly to commingled fuels.

104STM Book of Standards, Vol. 5.02
bid Vol. $.0)
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e Clay treated fuels comaining ASA-3 showed an increased charging tendency over that
which occurs by commingling fuel to the same conductivity level. The amount of
enhanced charging tendency is a function of treatment, e.g., severity of clay treating, filter
media where charge is generated, and also probably the source of fuel. In fact, in the side
stream sensor simulation of clay treating, the charge density was higher for the clay ireated
ASA-3 containing fuel using the CDF-H filter than for the fully additized fuel before clay
treating (Figure 14).

44,2, Effect of Other Additives

Tests were carried out using the reference fuel which were dosed with corrosion
inhibitors. The additives, DCI-4A, Hitec 580, and DMD, were added at "trace" and maximum
strength as specified by the U.S. Military Specification MIL-[-25017. Stock solutions of these
inhibitors in toluene were added to 500 ml Teflon bottles containing the reference fuel. These
tests were performed to ascertain whether fuel in pipelines might have a high charging tendency
due to contamination by these corrosion inhibitors.

Results from these tests (Figure 15) indicate that there is little or no effect. The charging
tendency using the CA22 reference filter showed relatively low levels of static charge generation.
However, it should be noted that the corrosion inhibitor did have an effect on the charging
tendency. In this fuel/filter combination, the charge generation tendency of the additive tended to
provide a positive charge in the fuel. Thus, as the concentration of the additive was increased, the
inherently negative charge of the base fuel was overcome and the fuel became positively charged.

When the CDF-H reference pad was used, there was a very slight change in the charging
tendency from the base fuel (Figure 16). The levels attained were insignificant.

Also, a number of tests were performed using pipeline drag reducer additive. The results
shown in Table 3 indicated that there is no charging tendency from the drag reducing additives
used, not surprising since these additives are non-polar.

The concluston of this work 1s that corrosion inhibitors and pipeline drag reducing
additives are not likely to pose static charge generation problems.

4.4.3, Residual Effects of Additive Adsorbed on Filter Element

A further consideration was the possibility of static charge problems during the transition
of fuel containing static dissipater additive being replaced with fuel that is unadditized. The
possibility exists that static dissipater additive which adsorbs on the filter element during fueling
with fuel containing static dissipater additive will desorb when unadditized fuel is passed through
the element in subsequent fuelings This desorption process may increase the static charge
tendency of the fuel.
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To test this hypothesis, CDF-H filter pads were conditioned by making six runs with base
fuel followed by 5 runs containing 1 mg/l ASA-3 followed by a number of successive runs with
unadditized fuel. This was repeated using 10 mg/m! ASA-3 for conditioning. The results are
shown in Table 4.

The runs with 1 mg/l showed no lasting effect when unadditized fuel was passed through a
previously conditioned filter. A similar conclusion can be made when 10 mg/l of ASA-3 was used.
The actual charge density levels were quite different for the two concentrations of ASA-3. The
very low charge density in the 10 mg/l fuel is a consequence of the very high conductivity of the
fuel permitting rapid charge dissipation. Thus, when unadditized fuel was passed though the
element the charge density increased, primarily because the charge relaxation time increased. The
first series at 10 mg/l ASA-3 showed very little effect after the first test. A second run showed a
much more gradual decrease. However, the charge levels generated were relatively modest.

The conclusion reached is that the effect of a static dissipater additive desorbing into
unadditized fuel from a element previously exposed 1o static dissipater does not pose any
additional static hazards.

4.44. Miscellaneous

Several samples of fuel taken during the test program were brought back from Stapleton
Internationa! Airport. The results from Mini Static tests are provided for these runs in Appendix
B.1.3. A description of the test number is found in Section 5. All samples referred to as Denver in
Appendix B.1.3 are from the CRC Program at Stapleton Airport. Also, tables referring to S§-450
as additive are fuels additized with Stadis 450.

While the data are presented in this report for completeness, results from these tests did
not have a direct correspondence to the Stapleton International Airport test results. Conductivities
of the fuel samples differed significantly from those obtained at Stapleton International Airport.
The data suggest that samples change in their charge generation tendency during storage. The
data indicate that Stadis 450 charges at a higher level than ASA-3; the reason for this is
unexplained.
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8. Full Size Field test

8.1. General Program

The purpose of this phase of the program was to obtain full scale results for a variety of
fuel conditions. In this series of tests, an 8000 gallon tank was used to simulate an aircraft fuel
tank. The tank was filled using a hydrant servicer equipped with Velcon CDF-H absorbing media
elements. Measurements were made during each run of the following:

e  Charge density entering the tank
e  Electrostatic field strength

e  Electrostatic discharges in the tank
e  Streaming current from the tank

A series of 15 tests was run to encompass the range of fuel conditions which could result
during an operation where commingling is possible. At each fuel condition, two flow rates were
tested, one at high flow rate the other at low flow rate. These were set by the “rise velocity" of
the fuel in the tank. The high flow rate was meant to be at the highest rise velocity which might be
actually measured in an actual aircraft fueling; the low flow rate was set at a more typical rise
velocity for fueling. The tests covered included:

Jet A fuel unadditized

Jet A fuel fully additized with ASA-3 (conductivity ~50pS/m)

Commingled Jet A containing ASA-3 with resulting conductivity ~ 10 -20 pS/m
Commingled Jet A containing Stadis 450 with resulting conductivity ~ 10 -20 pS/m
A fully additized ASA-3 Jet A, clay treated to a conductivity ~10-20 pS/m.

A fully additized Stadis 450 Jet A, clay treated to a conductivity ~-10-20 pS/m.

In each case where the fuel was commingled or clay treated, the conductivity was targeted
at 10 - 20 pS/m. This range was chosen because this is the region where the charging tendency
of the fue! was high but the conductivity was sufficiently low so that the effects are not cancelled
out. This was believed to be the worst case condition.

§.2. Facilities

The program used an 8000 gallon unbaffled tank (Figure 17). The tank was 8 feet in
diameter and approximately 21 feet long. On one end of the tank, a 3 inch flanged inlet
approximately 6 inches from the tank bottom acted as the inlet nozzle to the tank. The inlet was
flush with the inside of the tank. The other end of the tank had a drain on the bottom of the tank.
The tank could be emptied by attaching a hose to this drain, opening the valve and pumping the
fuel back to the storage tank.

There were also two 1 inch taps approximately 3 inches from the top and bottom of the
tank. A sight glass consisting of a 1 inch diameter Tygon tube was attached to these taps to
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measure the level in tiie tank during fueling. Demarcations at each 1000 gallons were drawn on
the tank to provide a measure of the fuel in the tank.

A 1 inch tap was also placed about 3 inches from the top. A hose with a quick disconnect
was attached to this tap to inert the tank before fueling.

On the top of the tank, there was a 3 foot diameter manway which rose approximately 6
inches above the tank wall. Instrumentation was placed through holes in the manway cover.

The tank was placed on a flatbed trailer towards the rear end (Figure 18). The wheels of

the flatbed and the dolly wheels were placed on Teflon® pads (2 £t x 2 & x 1/2 inch). On the top
of the manway, a fiefd strength meter was placed into a hole at the center of the manway cover.
The meter was lowered into the tank so that the bottom of the meter was flush with the tank wall.

The meter rested on a Teflon® pad to prevent streaming current leakage through the meter to
ground.

A Radio Shack AM/FM radio was also placed on a Teflon® pad resting on the manway
cover. The antenna from the radio was lowered into the tank so that the tip of the antenna was
flush with the tank wall. The antenna and radio were electrically isolated from the tank. A wire
was attached to the speaker lugs and connected to an amplifier and time relay. The purpose of this
device was to amplify any static noise in the tank. If the voltage (noise) reached a threshold level,
the voitage would be amplitied and recorded through the time relay to a chart recorder. The time
relay circuit was needed to reduce the noise frequency so that it could be recorded. Without this
device, the electrical discharges would have an effective frequency which would be too fast to be
picked up reliably by the recorder. The threshold was set so that a low voltage electrical arc
placed approximately 60 feet away from the antenna would cause the amplification circuit to be
activated. Thus a static discharge would be indicated on the chart recorder provided that it had a
minimum intensity level of discharge.

A Keithley 617 Programmable Electroineter was used to measure the streaming current
from the tank to ground. One wire was attached to the tank. The other lead from the meter was
attached to ground. The tank was filled from the hydrant servicer using one or two hoses
depending on the flow rate. The hose from the servicer was connected to the tank through a
manifold as shown in the insert of Figure 18. The hose was connected to pipe which was
supported over the flat bed by a stand resting on Teflon pads. A. O. Smith charge density meters
were connected to each leg of the manifold to the tank. A valve on each leg of the manifold could
be used to shutoff flow when required. The high flow runs used both legs; the low flow runs used
only one leg of the manifold. The manifold was attached to the tank at the flange using an
electrical isolation kit. That is, he manifold was isolated from the tank electrically.

The output of each A.QO. Smith meter was connected to a separate electrometer. All
measurements were taken manually during the test.
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Before each run, the tank was inerted with nitrogen. Nitrogen was supplied though a
pressure controller from a truck containing muiti-tube banks of compressed nitrogen. This
nitrogen supply was connect to the tank before each test using a hose with a quick disconnect.

The actual configuration at Stapleton International Airport is shown in Figure 19. Fuel
from a 20000 gallon storage tank was pumped through a pump to a hydrant servicer. The rated
flow of the servicer was 850 GPM. The output of the hose was connected to the manifold. After
the tank was filied, it could be emptied through the drain valve to the retumn line of the system,
and back to the storage tank.

The fuel was also clay treated using Attapulgus clay bags in a clay treater which was
shipped to the site.

§.3. Experimental Procedure
Each test run was carried out as follows:

o  Theinert gas system was connected and the tank was purged for at least 15 minutes

o The inert gas line was removed and approximately 5 minutes were allowed for relaxation of
static electricity generated during the inerting portion of the test. This was found to be
sufficient to reduce the streaming current to less than 10-10 amperes.

»  The tank was filled to ~ 600 gallon level at a low flow rate. This ensured that the inlet nozzle
was totally covered before the test began.

o The forma! portion of the test began, starting to fill the tank at the design flow rate.
Adjustment of flow rate normally took only a few seconds. At this point in the test,
measurements were taken of the volume, flow rate, streaming current from the tank, charge
density readings from the A.O. Smith meters, the electric field strength, and observations for
electrical discharge. Electrical events were noted in one of two ways: two investigators
listened for electrical noise in the tank; and the amplified, time delayed antenna signal was
recorded on a chart recorder. Experiments showed that two types of electrical events could
occur. The first were discrete audible events which also were readily detected by the
antenna. The second event was a low level "hiss” which was noted by the investigators.
However, the energy level was not sufficient to detect this type of discharge using the
amplifier time delayed antenna. An event's apparent strength was recorded as "high" or
"low" on a relative basis depending on the perceived noise level and whether the event was
detected on the amplified time-delayed system.

e At 7000 gallons, the test was terminated. The nitrogen system was tumed on and the tank
was drained back to the storage system.

Commingled fuels were prepared by adding the static dissipater additive in one of two
ways. For the ASA-3 additized fuel, the fully treated fuel was commingled with non-additized fuel
until the target conductivity (~10 - 20 pS/m) was achieved. For the Stadis 450, additive was
added in small steps , circulating until steady state was achieved. If the conductivity level did not
meet the desired conductivity range, then more static dissipater additive was added and the
process repeated. Recirculation was accomplished by drawing from the storage tank and sending
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the fuel back through the return lines. Fuel did not pass through the hydrant servicer during this
process. Both procedures were equivalent, since the amount of additive to achieve the
intermediate conductivity was approximately the same.

For fully additized fuel, additive was added until the conductivity reached ~ 50 - 75 pS/m.
Fuel was recirculated until equilibrium was achieved

In the clay treated fuels, an additional 1 ppm of ASA-3 was added to the fully additized
fuel. The storage tank was then recirculated through the hydrant servicer to the clay treater and
back to the storage tank through the return lines. The flow rate through the clay treater was kept
relatively low to maximize the conductivity reduction per pass. The fuel was recirculated several
times until the conductivity reached a low level. The same procedure was followed for the Stadis
450 additized fuel except 3 ppm of Stadis 450 was added to the fully additized fuel before clay
treating. In the tests, more passes were required to reduce the conductivity of the ASA-3 treated
fuel than the Stadis 450 treated fuel (~ 6 passes for ASA-3 vs. ~3 passes for Stadis 450).

In the test program, new unadditized fuel was used for each additive study, i.e., one batch
was used for ASA-3 related experiments and a new batch was used for the Stadis 450
experiments. New clay bags were used for each clay treating experiment. The Velcon CDF-H
monitors were not changed out during the entire test period. Mini-Static tests indicated that there
were no likely contamination effects by not changing out the elements (Section 4.4.3).

§.4. Experimental results

A summary of the data from the field tests at Stapleton International Airport is given in
Table 5. A complete set of test data is given in Appendix C. The test numbers are the actual
sequence of the tests. The additive is the type of static dissipater additive used for the tests.
Treatment refers to the type of simulation achieved. Where no treatment is noted, the fuel was not
treated or only the additive was added at full dosage to achieve a conductivity greater than 50
pS/m. The conductivity was measured at the fuel temperature. The conductivity was adjusted to
680F by the following relationship:

- q2105(68-T)
ku'r = ke $.4.]

This regression was obtained by regression of data range lines in CRC Handbook of Aviation Fuel
Properties!?. The charge deusity is the average value measured by the A.O. Smith meters. The
relaxation time, €, is calculated by the following relation:

k 542

s=2.l81—0.00192(rl-832)

Y Handbook of Aviation Fuel Properties CRC Document 530, p 68, Coordinating Research Council Inc, 1983
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The dielectric constant is calculated at the fuel temperature!?

EFS is the maximum measured field strength using the field strength meter. The initial
volume is the amount of fuel present in the tank before start of test.

The row in Table 5 marked Label is a reference for figures to identify the test number.

Within the table there are two rows which refer to discharge events which occurred duning
the test period. In the row marked discharge, a Yes indicates that an audible noise emanated from
the tank during the test period which the investigators heard. The level indicates whether the
discharge was None, High, or Low -- as described below

The charge density at the tank inlet is given for low flow rates in Figure 20 and the
corresponding nuns at high flow rate are given in Figure 21. The letter N on the bars implies that
this a new batch of fuel. This was obtained from the fuel tank when the experiments with ASA-3
were completed to avoid contamination of additional fuel with ASA-3. The liquid holdup between
the CDF-H monitor vessel on the hydrant servicer which caused the charge generation and the
tank was 26 gallons. NOTE: The charge density in subsequent figures and in Table 5 are as
measured; these are negative of the actual charge density in the fluid These are maintained
this way in order to simplify graphs. In Figure 20, one can see that , in general, the charge
density decreases as the conductivity rises. This is to be to be expected in situations where there is
relaxation time between the charge generator and the and the actual measurement point. Thus,
ASA-3 which has been commingled seems to behave as expected. From this data, one can
conclude that the additional conductivity was sufficient to relax any additional charge that was
developed at the monitor vessel. Similar behavior is also observed for Stadis 450, although the
smaller decrease in the N type Jet A was less than would be expected by an exponential decay of
charge with time. Again, this implies normal behavior of charge relaxation compensating the
additional charge generation which may have occurred for additized fuel. This conclusion is
applicable for both clay treated and commingled Stadis 450 However, this is not the case for clay
treated ASA-3. The charge density is significantly higher than any of the other measurements The
implication is that clay treating does not remove all of the components which cause charge
generation. The lower conductivity resulting from clay treating cannot overcome the additional
charge generated in the time required for the fuel to get to the tank

The same type of generalizations can be made for the higher flow rate case (Figure 21)
Commingled fuel behaves normally, i.e., the charge densmty at the tank is monotonically reduced
with conductivity. Clay treating shows an increased charging tendency The clay treated Stadis
450 shows a slight increase over the unadditzed fuel This implies that additized fuel increases the
charge generation tender~v of the fuel. This is in agreement with the laboratory teats in Section 4
Again, clay treated ASA-J -huwv a significantly higher charge generation tendency which 18 not
compensated by conductivi'. .. '+ tho" while the charge density is less for the clay treated fuel at
a conductivity of 25 pS/m .han ' clay trested ASA-3 at 12 pS/m, both have a significantly
higher charge density than the corresponding ASA-3 beaning fuel which has been commingled

13ibid, p66 (regression for Jet A)
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Figures 22 - 24 deal with electncal events which occurred dunng fueling. In the field tests,
three levels of electrical events were observed:

« there was charge generation at the monitor but no perceptible static discharge in the tank.
These were characterized as None in Figures 22 and 23.

+ there was charge generation at the monitor with a perctible "hiss" heard by the
investigators. This persisted during most of the test. This was characterized as Low in
Figures 22 and 23.

o there was charge generation at the monitor and audible discrete noise was heard by the
investigators. Also, the amplified time relay was activated, noting a static electrical event
in the tank. This was characterized as High in Figures 22 and 23.

At high flow rates, Figure 22 indicates that High level events were detected at low
conductivities in non-additized Jet A. Low level events were noted for all of the additized fuels,
commingled and clay treated. No event was noted for fully additized fuel (k ~ 65 pS/m).

Figure 23 plots the level of the static electrical event as a function of residence time., i.e.,
the time the fuel had for relaxation between the monitor vessel and the measurement point at the
tank. Fuels with a residence time less than ~ 1.9 seconds had electrical events except for the fully
additized fuel. Fuels with a residence time of greater than ~ 2 5 seconds did not record any
electrical event. The actual demarcation of the presence of electrical events was not made. Thus,
one can conclude that for this configuration, static electncal events occurred at a residence time
of 1.9 to 2.5 seconds. This could change depending on a number of factors, e.g. tank
configuration, fuel, monitor or filter type.

Figures 22 and 23 indicate the region where electncal events occurred, but do not explain
why these events happened. Figure 24 attempts to provide some idea of the factors involved. A
plot of the total charge in the tank against conductivity can provide a demarcation of when
clectrical events would occur. The line is a8 boundary drawn between the occurrence of events and
no events. That is, to the right of the line one can expect an electrical event, no event is expected
to the left of the line This also indicates that the charge nessessary in a tank to cause an electrical
event decreases with increasing conductivity. This 1s in agreement with previous observations
where electrical discharges within the fluid to the inlet nozzle were observed'*. The investigators
at Stapleton International Airport were not able to venfy the type of discharge which occurred
For the purpose of this study, the conservative position was taken that no discharge would be
acceptable during fueling. That is, while it is unclear that the discharges observed in the field teats
could cause un incendiary event, one would not take the posiion that filling an aircraft would be
acceptable while these events were going on

Another approach to the data is 10 assume that & certain energy level is necessary before
an electrical event will occur Thus, when the conductivity 1s greater than 40 - 50 pS/m, no
electrical event will occur because the energy level 18 too low in any practical fueling case

"“Walmaley. H 1., Shell Research Centre, Thornton England, persannal communication 1992
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Similarly, no event would occur when the energy level is below the curve in Figure 24 for a given
conductivity level. When the total charge in the tank is less than 60 - 70 uCoulomb then Low
level events will occur when one is to the right of the line. Above 60-70 pCoulomb then high
level events could occur. Neither the actual demarcation line between the level of the static
electrical event, nor the validity of this hypothesis, has been proven in the study. Further v ~rk
would be required. However, this type of analysis suggests that the additional charge generated in
a commingled fuel must be compensated for adequately to avoid electrical discharge. This
requires that the tank charge be reduced more effectively as the conductivity increases.

To obtain a measure of the charge present in a tank, the following general equation or
curve (Figure 25) can be used. Consider a tank of volume VT which is filled with Vg of fuel
initially. The fuel in the tank can be considered to be fully relaxed, i.e., the charge density is equal
to zero. A charge balance around the tank can be described as!*:

©._F 4~ 2
dt
where

£.£ 543
k

T

One can define a set of parameters such that:

-2
4= Fq,r

6=~ 544

Substituting 5.4.4 into 5.4.3 and integrating one obtains:
g=1-¢"* 545
Once the fueling stops, then the total charge in the tank decays as:

g,=e’ $40b

The results are shown in Figure 25. Thus, it is possible obtain an estimate of the maximum charge
in the tank by knowing the fuel conductivity, flow rate, and charge density entering the tank
While the conductivity shown in the figures and in Table S is the rest conductivity, i ¢, the
conductivity measured while the fuel is motionless, previous work has shown that the "effective”
conductivity, not the measured conductivity, should be used in the charge equations The
"effective” conductivity must be derived by applying Equation 5 4 6 to measurements taken after
fueling has stopped

3yanables arc defined in Section 9

30




To complete the analysis, we can define the charge density in the tank as:

y=9

q"l

v
[=—

Fr
then
Fr=64"r,

=z/3 547

Thus the ratio of the charge density in the tank to the charge density entering the tank, v,
is a function of two parameters, viz., the initis] volume of fuel in the tank relative to the product
of the flow rate into the tank and relaxation time of the fuel, Iy, and the time divided by
relaxation time,8 Thiz relaticnship is shown in Figure 20.

Figure 26 indicates that the charge density in the tank is not very sensitive to time of filling
after an initial period of time. It is very sensitive to the paremeter I'y. That is, & partially filled
tank with uncharged fuel c*n reduce the charge density in the tank significantly by dilution.

In general, the hacard in a fuel tank is often described by the field sirength produced by
the charged fuel in the tank. The field strength in a rectangular tank has been readily described by
Carruthers and Wigley'd. Waimsley!’ indicates that the field strength for a horizontal cylindrical
tank of the same height and base area are not significantly different Thus, the effect of a
cylindrical configuration can be accounted for by some facior determined from experiments when
compared to the solution of a rectangular tank.

For a cylindrical tank, we denote the width and height as equal to R The length of the
tank is L. Then the field strength at the top center of the tank can be expressed as

reged
Ena Y S 0876(-1) 1 ¢ cosh(Bh) ~ | }
N o wsfl sinh(21) + (& - 1) cosh(/IR) sinh (f$h - BR)

A ”{(;?), ‘ (’1)’], $48

whaere r, s are odd integers 1,3,5, .. and q Is in pC/m?

Canuthars, 1 A, K 1 Wigley,J). Inet. Pet ¢ff 180 (1962)
Twaimasley, H 1. J). Eiectrostatics 24(2) 201 (1991)
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The charge density is described by Equation 5.4.7. It depends on the inlet charge density , g,
the flow rate, F, and the volume initially present in the tank, V. Thus, the field strength at a given
height in the tank can be described as:

Ep =X 549

where X is the remaining portion of Equation 5.4 8

In the full scale tests, the field strength was measured for each test. These data are shown in Table
S. The field strength is the maximum that was measured. However, this value wa; reached very
eacly in the test. This is counter to what would be predicted from Equation 5.4.8. It is not easily
discernible whether the data are correct. Calibration of the device showed that it was responsive
to field strength applied. However, several factors could have effected the results:

o the field strength was reduced because of discharges occurring during the test
« the surface was coated with foam which reduced the surface potential
« the equipment was affected by environmental conditions resulting in poor results.

Regardiess of the cause, the fleld strength data are believed to be unrelisble. They are presented in
Table $ for completeness. An alternate method was to estimate the field strength in the tank. Data
obtainad from similar experiments in the same equipment't, but using a different field strength
meter, were used 10 predict the fleld strength. Figure 27 shows a typical run where the
conductivity was 2 pS/m and the flow rato was 900 GPM  As soon, the ficld strength increases
throughout the test to & maximum voltage where fueling was stopped. From Equation $.4.9, it
can be seen that, when fueling stops, q is the only variable which is time dependant. That is, the
charge begins to relax. Equation 5.4.6 indicates that the charge should decay exponentially. This
is verified in Figure 28. Ths value of t can be derived from the slope. This procedure was
followed for & number of tests made during the grounding study. The effective conductivity, ke,
ranged from 0.57 to 1.02 with an average of

Kefr 0.86 5.4.10

The ratio of conductivity to "effective” conductivity of 2 3 agrees well with values of 2 previously
found'®. Using this value of kegr and the deta of the grounding study one can determine a
constant X for the vessel when the volume is 6500 gallons. The results vs the actual measured
value Is shown in Pigure 29. The agreement is quite good. Therefore, using the same arguments,
the fleld strength at the 6500 gallon leve! can be calculated for this study. The results are shown in
Figure 30.

The same type of boundary between electrical events can be drawn as for the curve with total
charge. The field sticagth could have reached levels as high as 260 kV/m. The shape of the
boundary suggests electrical events occur in the liquid as was previously discussed.

1841rcraft and Refueler Bonding and Grounding Study CRC Report Number $83 (February 1993)
19K ramer, H, O Schon Proc. 9th World Pet Congress Tokyo 1975,
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The conclusion is that the field strength can be of the order where electrical events could
occur. The need to maintain the level below the boundary line is done in today's operations in
unadditized fuels by maintaining flow rates at levels where there is time to relax charges to
sufficiently low levels before the fuel enters the tank. System design and operation should
maintain these relaxation times in new designs. It would also be useful to develop a methodology
to assure that new systems do not increase the charge beyond levels currently seen in conventional
systems.
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6. Discussion of Results

6.1. Mini-Static Results

The samples of fuel randomly obtained from three sites indicated that the largest variability
is obtained from the multi-product pipeline. The charge generation capability of the fuel depended
on the source and conductivity of the fuel. In this study, the variation in charge generation
increased with increasing conductivity in the fuel. The differences in charge density for these fuels
will be less at the aircraft since the conductivity will permit more relaxation of the high
conductivity fuels in the piping from the filter or absorbing media vessel to the aircraft tank. It is
also clear that in an unadditized fuel system, a significant fraction of fuel deliveries are likely to
have conductivities greater than 10 pS/m; 28% in this sample of multi-product fuels, 8%-10% in
the previous study.

Because one can expect a large variability of charge generation capability in the field,
providing sufficient residence time is necessary to avoid having a highly charged fuel enter the
tank. No good estimate can be provided for the minimum residence time. This has to be
developed from the safe operation of the aircraft fueling systems in the United States over the past
years.

In general, the effect of static dissipater additive on the charge generation is relatively
predictable. In these fuels, the increase in conductivity most likely will compensate for the
increase in charge if sufficient residence time is provided after the charge generating element. The
sole exception is clay treated ASA-3. In this case the charge generated is disproportional to the
conductivity. Thus there is a potential that the charge would not be sufficiently reduced if
res ' nce time was designed to accommodate the typical fuel. While ASA-3 is no longer aviilable
co-nmercially, it is expected that ASA-3 will remain in use for a significant time. Thus, one should
consider readditizing the fuel to greater than 50 pS/m after clay treating ASA-3 containing fuel.

6.2, Fileld Test
6.2.1. Relationship to Ground Fueling Systems

The data from these tests indicate the wido range of electrostatic effects which can occur

The key is the residence time between the filter/coalescer or monitor vessel where charging occurs
and the tank inlet. If sufficient residence time is provided, then the level of charge density entering
the aircraft tanks will be sufficiently low to avoid discharges. This "minimum residence time" was
developed from the historical record of fueling aircraft in the USA. Section 7 provides a survey of
existing systems which might be used to understand the range of ground fueling systems used
today. However, it should be noted that, in the present study, a single type of water absorbing
medis monitor was used. New materials, different conflgurations of the element, new vessel
designs and location on the chassis of the hydiant servicer can have an effect on the charge
developed. Designs of ground fueling systems should iake into account such changes which could
affect the level of charge density going into an aircraft
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6.2.2. Relationship to Aircrfat Fuel Tanks

The tank used in the field test is larger than a typical aircraft fuel tank. It was used to
illustrate the effects of static dissipater additive on the charge density and field strength. The
actual magnitude of the effects in a aircraft fuel tank is a function of a number of factors. Integral
wing tanks in aircraft are different from the test tank and refueling rates to mdmdual tanks can
vary from those tested. However, several observations can be made.

Ribs in an aircraft wing divide the tank into bays, each of which behaves as a discrete tank.
Each bay is roughly rectangular. Typical dimensions are 20 to 30 inches (0.5- 0.7 m) wide, 5 to
20 feet (2 to 6 m) long and 1 to 6 feet (0.3 to 2 m) deep. In addition, stringers extend 2 to 4
inches (0.05 to 0.1m) from the tank bottom at spacings of 6 to 12 inches (0.2 to C.3 m). The
effect of stringers is to maximize charge relaxation during initial fueling. In later model aircraft,
advantage is taken of these stringers by directing the incoming fuel into and along the spaces
between stringers. Similarly, the initial volume of uncharged fuel in the tank reduced the charge
density in the tank by dilution of the incoming charge.

The mechanics of filling the aircraft are different from those in the test. In this test, fuel
was introduced at the bottom as s jet at a constant rate in order to promote good mixing. In
aircraft, the filling process varies from simply dumping the fuel into a convenient bay to a careful
introduction of the fuel into the bottom of selected bays to minimize electrostatic effects due to
charge concentration and the effects of splashing. Communication between bays peimits fuel to
run to the lowest point, the bays with the lowest bottoms filling rapidly, then slowing as additional
bays begin to fill. Finally, the bays with highest tops begin to fill rapidly as lower bays become full.
This dynamic fueling rate in each bay occurs even though the overall fueling rate remains
constant. Since mixing of fuel between bays is poor, fuel in a given bay may be highly charged,
coming directly from the inlet, or may have experienced significant relaxation and mixing while
flowing through other bays. In addition, the residence time of the fuel in the aircraft plumbing
from the inlet to the tank can provide some additional charge relaxation before introduction to the
tank. This residence time can vary from 0 to 2 seconds depending on the type of aircraft.

A theoretical comparison, using a proprietary model, was made of electrostatic effect in
the test tank with those in 8 worst case aircraft tank. The tank is from an old model in which fuel
is delivered at a single point in one bay, with no precautions to avoid splashing. This tank is
regarded as "safe” because of its long history of use with no electrostatic incidents. It is the
“worst case" because, by comparative analysis, systems in subsequent aircraft have been designed
to be less hazardous.

The analysis accounts for variation in flow rates to bays, assumes perfect mixing in each
bay, and neglects effects of internal structures. Because the analysis is based on a rectangular
tank, the test tank was approximated as a rectangular tank, 7.08x7.08x21.32 feet (2.16 x 2.16 x
6.5 meters).
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Surface charge densities, surface potentials, surface energies, and electric field strengths in
the ullage space in the test tank were calculated for the conditions of each test. The same fuel
conditions were used to calculate the charge density into the aircraft tank at the normal maximum
refueling rate of 240 GPM.

In all cases, the tank bay displaying the most severe electrostatic conditions was the one
where the refueling line first entered. Its dimensions were 10.83x2.29x1.85 feet deep
(3.30x0.80x0.56 m deep). For all the tests which displayed electrostatic discharges, the
electrostatic characteristics calculated for the test tank were more severe than for the worst bay in
the aircraft, even when the relaxation in the aircraft piping was ignored. In these cases, maximum
surface potentials and energies obtained in the aircraft tank were generally 1/2 to 2/3 of those
found in the test tank. When relaxation in the piping was accounted for, the surface potential and
surface cnergies in the case of the lowest conductivity runs were reduced only slightly to about
45% to 60% of those calculated in the test tank. For higher conductivity fuels, relaxation in the
aircraft fueling piping became an increasing factor. The severity of the calculated electrostatic
characteristics were significantly reduced.

None of the low flow test cases gave any evidence of electrical events. The electrostatic
characteristics calculated for the test tank and aircraft tank (at the normal refueling rate) were
nearly equal when relaxation in the piping was ignored.

In addition, hypothetical fuels with lower conductivities (1.0, 0.33, and 0.1 pS/m) were
examined. While the results for the aircraft tank relative to the test tank were relatively the same
for the 1.0 pS/m as for the 2 pS/m case, the maximum surface potentials ana surface energies
were much lower in the aircraft tank relative to those in the test tank for these lower conductivity
fucls.

The results of these calculations indicate that aircraft tanks present a demonstrably lower
level of electrostatic potential than present in the full scale field tests which displayed evidence of
electrical events and approximately the same level as in the lower flow rates when no electrical
events were observed. The worst case for the aircraft tank relative to the test tank occurred when
the test tank indicated a High electrical event. Thus, while these results do not suggest that there
is an immediate unrecognized hazard in fueling aircraft with low conductivity fuels, they do imply
that there is a small margin of error to sccummodate fuels at significantly higher flow rates and/or
charge densities.

This attempt to correlate the actual aircraft test tank to the full scale tests suggests the
desirability of developing a small scale test device that could measure charge and filed strength
during fueling. This test would permit cxamining both fuel and fuel system variables -- the critical
factors in assessing the possibility of electrostatic hazards in ground fueling systems.
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7. Residence Time Distributions in Present day Systems

7.1. Description of Questionnaire

Because of the complexity of ground fueling systems, it is not possible to give a general
set of rules for design which would preclude electrical events. This is due to the many variables
which can influence the cha:ge density, and the field strength in the aircraft tanks. Features such
as material of construction of the filter/coalescer elements or absorbing media «lememts, the fuel
source and contaminants present, the water content of the fuel, as well as system design features
such as flow rate, residence time, piping arrangement, etc. have a significant influence on the
charge density entering the aircraft tanks. As noted in section 6, the configuration of the aircraft
fueling handling system also has an influence.

Because of this, there are two methodologies for avoiding electrical events during fueling.
The first is to additize the fuel to a co. ductivity of greater than 50 pS/m. The other is to rely on
the historical record of safe fueling at a given site. The results of this study imply that there are no
increased electrostatic hazard involved in handling fuel which has been commingled with fuel
containing static dissipater additive than for fuel which is additive free. Thus, if one operates with
residence times downstream of the charge generation elements within the system equivalent to
those which have been operated safely, and one uses the same equipment, then no discharge will
occur if none occurred in the past.

To provide some indication of the typical residence times seen in typical ground fueling
operations, a survey was given to 8 wide range of users of such equipment. This included airlines,
petroleum companies, and FBO's. Each was asked to provide dimensions of their refueling
vehicles, the model of the filter coalescer or absorbing medis vessel, and the number of units
involved. Vendors of each model of filtration vessel were asked to provide the volume of fuel
which the vessel held after the filter elements. This volume provides additional residence time for
charge relaxation.

Some of the vessels reported could not readily be identified. In these cases the total
residence time could not be ascertained. These were still included in the piping residence timu
data, but were eliminated for the remaining calculations. Thus the data reported area sampling of
the residence times typically seen at various sites. The data are reported in Appendix D.

7.2. Fliter/Coalescer Systems

Two types of ground fueling systems using filter/coalescer elements were reported. One
was hydrant servicers, the other was refueler trucks. The data for residence time distributions for
the hydrant servicers are shown in Figures 31 through 33. Also, Table 6 gives the mode, median,
and average residence times in each section. The mode is defined as the residence time reported
most often, the median is the residence time which is the mid point reported, i.c., there is an equal
number of units with residence times less than the median as there is greater than the median. The
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average is the average obtained by adding all the 1csidence times for the sample surveyed and
dividing by the total number of units.

In hydrant servicers, the piping provides on average 3.1 seconds residence time, the vessel
provides an additional 10.1 seconds. The average residence time in hydrant servicers using
filter/coalescers is 12.8 seconds. All of the filter coalescer vessels used Teflon coated separators
which are known to have little or no effect cn charge generation. Thus adding the vessel and
piping residence time is valid. This would not be the case for a paper separator.

In the refueler case, one user reported 231 units of the same type. The model of the filter
coalescer could not be identified. The residence time in the piping was lower than the rest.
Therefore, the piping residence time which included this user is given in Figure 34. The residence
times excluding this user are given in Figures 35 through 37 The statistics for refuelers using
filter/coalescers are given in Table 7. Interestingly, the total residence time is similar for both the
refucler and hydrant servicer.

The data indicate that there is significant residence time for relaxation in these systems.
The total time of 12-13 seconds is significantly longer than for the imes measured in this test
program, viz., 2-3 seconds in the field tests.

7.3. Absorbing Monitor Systems

For hydrant servicers using absorbing media, the residence time is solely in the piping after
the vessel. Hence the total residence time for these systems is much shorter than in systems using
filter/coalescers. The statistics are shown in Figure 38 and :n Table 8. The average residence time
is 4.5 second. for these systems. However, the mode is 3 | seconds, indicating that there are
many systems in the field with less than the average reported

The times reported here are much closer to those found in the field test. Thus, additional

care should be taken to ensure that design changes in these systems do not reduce the residence
time or increase the charge density entering into the aircraft
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8. Conclusions & Recommendations

8.1. Conclusions

The following conclusions resulting from the CRC Ad Hoc Panel on Commingled Fuels
program must be judged with respect to the design and operation of aircraft fueling systems. Tests
were representative of the residence time for relaxation of charge in two systems: one was
indicative of current systems, the second was indicative of future trends involving higher flow
rates and shorter residence times in piping, hoses, and manifolds downstream of the filter
clements.

1. Providing sufficient residence time for charge relaxation is critical in aircraft fueling
operations.

When changes are made, such as
o replacing fiiter/separators with absorbing media monitors,
e operating at higher flow rates or with shorter hoses,
or, if ground fueling systems for aircraft becomes less conducive to charge relaxation than current
systems, situations may be created in which static discharges become possible. Similar
situations may result when filter media or titer design changes result in increased charge
generation in the fuel.

2. Commingled fuels that combine fuels with static dissipater additive (SDA) with non-additized
Juel do not exhibit unusual static charging behavior. These can be handled as safely as non-
additized fuels.

3. Fuel containing SDA with a conductivity of 50 pS m or greater does not present a hazard in
aircraft fueling in; resent day systems or in any anticipated future fueling systems.

4. Fuels with conductivity below 50 pS/m, including additive-free fuel, do not present a hazard
of siatic discharge with typical fueling practices currently employed. However, fuels in this
conductivity range (< 50 pS/m) could produce static discharges if future changes in ground
equipment, aircraft design, or fueling practice signficantly reduce relaxation time .

S. Fuel containing SDA should not be clay treated (unless re-additized to a conductivity greater

than 50 pS/m) since clay treatment can change the relative proportions of components
remaining in the fuel. This can produce unpredictable static behavior?°.

8.2. Recomrnendations

01n this program, only ASA-3 showed a large charging tendency at low conductivity when clay treated. When
ASA-] is no longer used, this restriction need not be followed for ASTM approved SDA.
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1.

Aircraft fueling systems should be monitored periodically to determine if any exceed the
typical practice (described in this report) in residence time or equipment charging tendency.
Such systems may require modification or addition of SDA.

A small-scale charging tendency test should be developed to sense residual charge after fuel
flow through an apparatus that simulates aircraft fucling practice. This could be used to test
fuels, additives, and filter media.

Fuel with conductivity less than 50 pS/m can be used in current ground aircraft fueling

systerns. Where higher flow rates or lower residence times than current practice are seen,
consideration should be given to additizing the fuel.
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9. Nomenclature

Variable
EFg......ccenne. Field Strength [kV/m]
Fo... Flow Kate {Gal/min])
Frgt-cooooovneen. Flow Rate Through Mini-Static Tester (normally equal to 100
ml/min) [m{/min)
oy SO Streaming current from Mini-Static Tester {nano-amperes)
ho liquid level in tank {m]
Ko Conductivity (pS/m])
| 7. T effective conductivity [pS/m])
|77 S Conductivity of fuel at 68°F
Lo Tank length [m]
Q.. Total Charge in Tank [uC)
Qo oo Total Charge in Tank after fueling stopped [uC)
[+ TR Charge density [uC/m3]
Qin e Charge density of fuel into tank (uC/m3)
Qmet.- oo Charge density obtained from Mini-Static Tester (uC/m3]
L S Tank diameter [m]
. S odd integers 1,3,5,7,
T, Temperature of fuel {OF]
t Time (seconds])
Lo o Time when fueling stopped [seconds)
Vo Volume of fuel in tank [gal]
Vo et e Initial volume of fuel in tank {gal)
Sub-scripts
eff ... effective
FS.......... Field Strength
in.............. into tank
mst......... Mini-Static Measurement
Greek Symbols
B Shape parameter (Equation 5.4.8)
€ i Relative electrical permitivity of fuel
€0 - Dielectric Constant of fuel [8.84 pico-farads/m)
. Dimensionless Total Charge = Fqj,t
Qoo Dimensionless Total Charge after Fueling Stopped = Q/Q,
0. i Dimensionless time = t/t
Bg. s Dimensionless time after fueling stopped = (t-t5)/t
4]




T Relaxation time = eey/k [sec] l
Lo Reduced Volume = V/Ft {Equation 5.4.7)
R Reduced charge density = q/qj, (Equation 5.4.7) l
X Field strength at given height/ charge density [Equation 5.4.9)
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Table 1 - Elements Used for Selecting Reference Filter

Filter/Coalescer Elements Ablorgl__n‘Medh Elements
Velcon 83 Series Velcon CDF-H
Velcon 84 Series Aquacon ACO
Quantek CCN 8 Series Quantek FGO
Facet UK CA22 Series

Table 2 -- Distribution of Conductivity in Colonial Samples

Conductivity Frequency Cumulative %

Rongo

0-5 13 46.43%

6-10 7 71.43%
10-15 6 92.86%
15-20 1 96.43%
20-25 1 100.00%
25-30 0 100.00%
30-35 0 100.00%
35+ 0 100.00%

Table 3 -- Effect of Pipeline Drag Reducer Additive

Sample Charge Density

puC/m3
Jet A -46 -60
Jet A w/CDR-202, Unsheared 50 ppm 27 40
Jet A w/CDR-202, Sheared 50 ppm 39 -10

Note:  Reference filter: CDF-H
Blockage occurred when CA22 reference filter used
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Conc., Conductivity Temp., Charge
Deniity,
Serier* Type mg/l. pS/m C 1#C/m)
| None . 4 19 -47
None . 4 19 37
None . 4 19 «27
None . 4 19 «}§
None . 4 19 -3}
None . 4 19 =27
1 ASA-} 10 197 19 -2240
ASA.) (V) 197 iv =2422
ASA-) 10 197 19 <2570
ASA-) 10 197 19 2718
ASA ) 10 197 19 «2011
None : 4 19 -8
None . 4 19 -3
Nora . 4 19 -49
None - 4 19 -\
None . 4 19 =36
None . 4 19 -29
None . 4 19 -J0
None 4 19 .31

*Sanwe CDV-H Filier pad used for all runs in & series
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Table 4 continued
'« AR
Series* Type Conc. Conductivity Temp, Charge
mg/L pS/m C Density
uC/m3
il ASA.) 10 1850 20 =71
ASA-} 10 1850 20 271
ASA-) 10 1850 20 -63
ASA-3 10 1850 20 " 60
ASA-} 10 1850 20 -63
None - 4 20 <370
None - 4 20 -74
None . 4 20 -63
None - 4 20 -64
None . 4 20 -7
None . 4 20 <62
None - 4 20 -76
None - ) 20 -80
None - 4 20 -87
None - 4 20 -75
None . 4 20 -73
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Table 4 continued
Series* Type Conc. Conductivity Temp Charge
mg/L pS/m C Density ~
uC/m3 '
v ASA-3 10 1850 22 -12 l
ASA-3 10 1850 22 -32
ASA-3 10 1850 22 229
ASA-3 10 1850 22 -19 l
ASA-3 10 1850 22 -18
None - 4 22 -252
None - 4 22 -185 l
None - 4 22 -217
None - 4 22 -198
None . 4 2 179 '
None - 4 22 -167
None - 4 22 -164
None - 4 22 -158 '
None - 4 22 -145
None - 4 22 -139
None - 4 22 -127 l
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Table 6 ~ Residence Time in Hydrant Servicers Using Filter Coalescers

Section Mode Median Average
Piping 26 27 31
Vessel 81 81 10.1
Total 110 110 128

Time in seconds

Table 7 -~ Residence Time in Refuellers Uola. Fllter Coalescers

n Mode Median Average
Piping 13 13 22
Piping ex 1 User’ 23 38 45
Vessel 66 81 8

Total 10.4 13 1 13
i One user with 231 units removed to provide more typical use in field. Vessel residence time
was not avallablo for this case
Tima in seconds

Table § -- Residence Time Distribution in Hydrant Servicers Using Absorbing Media
Moaltors

n Mode Median Average
Pkgim 31 42 45
Timae in seconds




CRC Ad Hoc Panel
on Commingled Fueis
Test Program
Mini-Static Full Scale Analysis
Test Field Tests
Reference Filter Full size Charge Density
measurement of
Charging 4 charge & field Field Strength
Tendency of / generated during
Existing Fuels tank filling Relaxation Time
/
Laboratory / Relaxation Time in
;ests to Check b‘ Field '
rocess
Parameters <« - —

Figure 1 = CRC Ad Hoc Panel on Commingled Fuels Program Elements
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Figure 27 — Typical Field Strength in Tank at Denver Stapleton Airport with
Conductivity =2 and Flow rate = 900 GPM2!,
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Figure 28 — Relaxation of Field Strength after Filling Stopped (Test in Figure 27)

Ydurcraft and Refueler Bonding and (irounding Study CRC Repont 583 (Feb 1993)
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Figure 35 — Residence Time Distribution In Piping of Refueller Trucks Using
Filter/Coalescers Excluding One User
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Figure 36 — Residence Time Distribution Within Filter/Coalescer Vessels of Refueller
Trucks
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Appendices

A. Mini-Static Test Procedure
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1. Scope & Significance
1.1. Scope

This test procedure rates the relative static electricity charging tendency
of aviation turbine fuels and filter sepirator medis. The test invelves the
measurement of static electricity generated by the contact and separation of twe
dissimilar materials - fue) and filtar. lons of ene sign are selectively
absorbed on the charge separating surfece - the fiiter, while those of eppesite
sign are separated and cirried along with the flowing fiuid. Separated cMr'o
is observed by measuring the current that flows to ground from the electrically
tsolated filter. Level of charge 15 influenced by & number of factors, ¢.9.

the filter surface ares:
filter composition;

flow rate;

fuel characteristics;
fmpurities in the fuel,

[ 2N BN 3N BN J

8y holding the flow rate and filter ares constant, current or chirge densitly
(ch;rgo per unit volune of fus)) becomes an Indicator of redative chirging
tendency

* between fuels when using the same filter cugumon.
or ¢ between filter media when using the same fyel.

In this test, & measurad sample of fuel s forced by means of
syringe/plunger to flow through & filter at conitant flew rate uiing the
mechanical drive of the Minisontc Sogurmur device, the Hicroseparometer Mark
V, or the Microsepirometer Mark V Deluxe. Stresaing curront from the f1iter 19
measured in microwmperes (10°° amperes) or minoamperes (10°° amperes) with o
suitable electrometer.  (Howsver, for some filter/fuel combinatiens, the
streaming current could be as Yow as a few picoamperes (10 U snperes))

1.2. $ignificance

The test provides s measure of the relative stetic charging tendoncios of
fuels and/or filter medis. The use of a reference /11ter sedfa wil) nm!’o ,
relative ranking of charging of different fuels. The use of o relerence fue
provides a relative ranking of different filter sedin,

Reference fuels and reference filter sedia should be selected Lo previde
8 broad renge of output streaming currents, mor onco hod shown (hat sMr'o
densities can range from 200 to 12000 aicrocoviomd/a for diffarent (1) Ler media
with the same fus) or for different fuels with the aeme fiiter medi).
Correlation bDetween results of this test and pilet equipment or fu)) scale
service performance has not been determined.
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Apparatus

L. Apparatys

The apparatus for the Mini-Static Tester using the Mini-sonfc Separometer
drive 13 shown in Figure 1. The 1ist of equipment along with the legend

(o) F G
—* \g 1
R4 O 0
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B
1 L.

E
M

r

for Pigurg } 1y ﬂtvon in Yable 11, Table | specifies the olements that are part
’I tho f11ter holder assemdly. The actus) assembly is shown in the fnsert of

fgure 1,  Rather than vsing the Mini-sonic Separometer drive, the drive from
the Nicrosoparomator Mark V or Mark ¥ deluxe can be used fo)lowing alternative
Instructions Visted,

Teble §- Fi)tear Holder Assombly Materis)
Legend Iten

(122X (I A X X X X A X X A XX I XXX X XXX RIYYYT )
] Reference filter paper or test
copor
] aeher
v fuppert Screem
v 0-ring
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Ninf-Static Te
Section 2
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. Liwen, NJ 07036 Page 3 / 9.9

Table [- Equipment List for Mini-Static Test

Legend

A

~R G = XX6H ™m m O O

Itea
Ninisonic Separometer Syringe Drive
Note: Only the syringe drive, holder, and
variable speed control power supply of
the WNinisonic Separator (ASTN-02550
Appendix 6) are required for this test.
Syringe Plunger, 50cc syringe

Syringe body, SOcc

Hard Plastic or Teflon tubing - 1/16° 1D
approximately 12 to 18° long.

Switch for running Ninisonic Separometer
drive.

Ninisonic Separator variable speed drive
control

Clamps to hold stopper in syringe body
Syringe body, S0 cc

Filter Holder - 13mm Diameter stainless
steel
Yalve

Reference Fuel or fuel sample, S0cc
Stainless Steel Beaker, 600 ml

Teflon pad 1/8° or thicker

Six sided Faraday cage constructed of
1/74* bhardware cloth with approximate
dimensions of 6° x 6° x 13° high; entry
door grovided in front of cage
Electrometer, range from microamperes to
nanoamneres

Strip chart recorder - full scale to
matc output of electrometer or
appropriate data acquisition systea

One hole rubber stupper which fits snugly
into syringe body

Syringe holder - syitable arrangement to
hold syringe securely; steel.

Source
----..-...-..-u--..o -
Encee Electronics
Note: Emcecen
Nicroseparometer Mark v
or Nark V Deluxe can be
substituted..
lver-loc Plastipak
Syringe, 50cc - Becton
Dickenson Co. (Fisher
Scientific Cat No. 14-823-
20)

As in B above. Yo provide
air drive for fuel,
Eastman Chemical Co.

Emcee Electronics part of
A above.
Encee Electronics part of
A above.

As in C above. To hold
fuel sample

Swinny, Milipore Catalog
No. NC/1 XX30 01200
Hamilton Valve Co, Part
No. 2LF1

Ace Chemical Co. Catalog
Number 10-3430, EOP-NO-82
or equivalent

. Keithley Electromster -

Nodel 6008 or equivalent
€.9., Hewlett-Packard 7100
Nodel for Keithley Mode)
6008 above.
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Additional equipment and wmaterial
required for psrforming the Nini-Static Table 111- Additiona) €quipment

Test 1s given in Table III. The for Minf-Static Test
:pparatus is a:gemblod ub‘s'houn ui‘n

fgure 1. en  assemdling L Punch - 1/2° diamet y
equipment the following precautions dmeter ¢.9., Arch
shouid be followed: = 9 Punch (gasket Cutter) C.5." Gsborns

YT [ e e . g
< 4 tweezers for use at a)) times when
short as possidble tominimize the handling the f1)ter specimen
po?sibnuy of stray current 9 pecimens.
noise.
Stop watch or timer capable of
2. The Teflon tubing should be kept
as short as possible to minimize handling elapsed time in seconds.

flow rate changes over the test
period. SR ey
3. Electrical ground should be made
as shown in Figure 1. If the syringe holder i3 non-meta)lic, both clamps
should be separately grounded.
4. The apparatus should de kept away from aress where stray currents may be
present. E.9., areas near electrical motors, fluorescent Tamps, ‘Wh
traffic areas can cause noise in measurements,

The suggested sources of material are recommendations only, However, the
filter holder assembly should be as specified to maintain re roducibil ity
between different labs. Also, the syringes should be of polyethylene or other
insulating material to prevent false readings.
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Procedures to Prepare Fiiter and Cquipaent

’l‘l

Preparation
3.1.1.

MY

Preparation
3.8.1,

of Fiiter Medis

Suitedle f11ter madia may be selected for any type of
f11t0r papar stock, Spacimens oy be prepired from new
or vied conlescer or separater paper Lype olemnty -
otther of the pleated er cylindrical fora, Whon viin
the filter madia Lo tent fuels, the filter medis shov!
be prepired frea the same ot -~ 1nd handled in the seme
manner for a1) tests,

When viing commarcia) paper oletents, cut open the
elomant to Do tosted vaing hnife, scivrors, sew, and
snips. Remove 8 & Lo B Inch square of the media  Htore
th & Yarge evaporsting disk covered Lightly with fet),
Coution: Handle 41 media b‘ the 0dges only. 00 net use
"y ‘orl of Lhe aedia Lhat has beon s011ed or contacted
by the hands,

v Punch out about 20 (1/8° @tameter) @1aks of aach materia)

to bo tasted. Phace In Potrt dish (ons dish for euch
olement media type). Keep dish covered ancepl 1A Lhe
act of transfarring dieky.

of the Test Apparatve

Setween
obch Vo oroughly wae o Tuel ayringe Dody and
ontire "ftor polYdor with o sotvent such as N80 (John
0. Moore Preducts), followed by ringing with methane!
or acotona, Ory n o stresm of dry nitrogen,
Cout’oncto\ parte aquit 1brate to rosa tonparature before
revsing.

**JL’; Load the (1 ter holdor base (Yower portien) in
B

1ewing orderi

f1at Toflon washar (7 in Pigure 1)
. tunp:rt scroon (VU
. Senple fiiter medie (9)
¢, l,p’ort screon (V) (optiona) - uip when veidige
of Tiverglass must bo controlled, for animple)
8. Toflen O:-ring (V)

109, threads of the tep half veing abgutl ¢ l{l' of 1/4¢
Toflon tape. Noin halves tegether, (inger Light,

"

MHini .Static

fov.? Oate ¢/1 Q@D
Poge §




Cxxon Resedrch § Engineering
Preducts Research Divigion
M b

Limte, NJ 07024

Minf-Stoatic Tost

foction 3

Rov.2 Oate ¢/19/09
Page ¢

Test Preparation Procedures

Chach that the fuel syringe hotder and electrometer are
:m grounded. Allow the electrometer sufficient time
o wire-yp.

3.2.3.1. Case 3. Vsing Nini-Sonic Separometer Orive

Miuu tho NInfaenic Sepiremater érive potent ioneter to
obtain o fuel flow rate of 100 ml/min (1t shovld take
30 s0c. /00 @) during the test). Leave the drive In Lhe
UP porition,

3.1.3.¢, Ceso 2. Using the Nicro-Separometer Mark v
Turn the Nicro-beparometor sark V power switch ON,
Preset the UP/AUTO/DOWN switch to AUTO,

Proset the syringe drive gear to low by Vifting the
relesse knobd.

'rogm o fue) somplo 4n & ayringe and attach Lo the
oulston Nining Unit dracket. (This fue) provents dimage
to the emyletfier dus to Gvar spaeding) Thiv 4yiinge
thould be Neft In place during the entire test.

Oepross CLEAN switch
3.0.3.), Case 3, Using the Nigre-Separometer Nark ¥ Deluxe

Pomentarily depress the ON switch, The annunciator Yampy
Yocated on switches A through & In the TEST MLECY
section will start scanning for your selection.

Oepress @ awiteh, This wil) dnfttate the NMINISTATIC TL8Y
PADGRAN

The annunciator Yoeaps in the SYRINGE section wi)l

Indicate that manud! contro) con be uied for the I‘NMQ

4rive sechonien, Depress UP pushbutton, Ihip wid) move

the syringe machanice to the vppar | iait, ‘l'non PROGRAN

acl o:’onnuncum indicoting that turbidity meter can
use

3.4 Qeixa fyringa

m' svre that thg syringe plunger moves imoothly by
applying aiVicone Yubricant a0 necodsary.

Pul) Lhe plunger up In tha syringe te the 80 o) aurk.
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Attach the syringe to the syringe drive mechanism.
3.2.8. Syringe

Attach valve to the fuel syringe body. Turn the valve
off. Fi11 with test fuel to 2lightly above the 50 ml
mark. Insert stopper with tubing and place assembled
syringe in holder. Clamp stopper to holder.

Attach filter and connect electrometer 1npbt to the dbase

(Tower portion) of the filter, avoiding strain on the
connection.

Center the receiver under the filter and connect to
ground.

OPEM THE YALVE.
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4. Test Procedure

4.1.

4.2.

4.3.

4.4,

4.5.

4.6.

4.7.
4.8,

4.9.

Zero the electrometer. If electrometer is auto-ranging follow the
instructions with the device. If it is not auto-ranging zero the
electrometer on the 0.01 multiplier, then set at 0.1 multiplier and
the 10°¢ amp range or other settings {f known. Turn electrometer on
for test.

Orive Instructions

6.2.1. Case 1. Using Mini-Sonic Separometer Drive
Turn the drive direction switch OOWN. Turn drive ON. Start
timer when fuel passes 50 ml mark.

4.2.2. Case 2. Using the Micro-Separometer Mark Y
Depress the RESET switch. (This will start the drive - It will
travel the S0 m1 volume in approximately 30 sec.)

4.2.3. Case 3. Using the Micro-Separometer Mark ¥V Deluxe
Momentarily depress the DOWN pushbutton. (This will start the
driv; - It will travel the S0 ml volume in approximately 30
sec.

After approximately S seconds, adjust electrometer to best reading
range. To prevent making readings insensitive use only the 0.1 or
0.3 multipliier in non-auto-ranging electrometers.

Caution: Once adjustments have been made, remove hands and body away
from the vicinity of the filter holder, Faraday cage, and avoid
motion.

Mark the strip recording or note time on data acquisition system
when the plunger is between the 25 to 20ml mark on the syringe.

When the plunger reaches the bottom of the syringe, turn off the
drive and timer.

Measurs the temperature in the receiver.

Ofsassemdle the syringe and filter holder as soon as possible after
recording the data.

gb:ain 3 repeat measurement by redoing a1l steps given in Sections

87
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S. Data Recording

SR st g

For each test record the following information:

S.1. The average value of streaming current, in microamperes, between
the time period calculated in Section 7.2.

5.2. The electrometer settings, e.g., the Multiplier & current ringe if
electrometer s non.auto-rangin?.

. The time for S0 m1 of fuel to flow through the filter

. The amount of fuel left after the plunger hit bottom of the syringe.

. The sample temperature in the receiver

. The fuel and filter paper used.

[- 0 P W7

5.
5.
5.
5.

88
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Calculations & Report

6. Calculations and Report
6.1. Calculations

Calculate the relative charging tendency of the filter media and/or
fuel for each determination as follows:

Q- /v
where
Q = Charge density (microcoulomb/meter?)
{ = Streaming current (microampfres)
V = Volumetric flow rate (meter’/second)
6.2. Report
Report the average charge density of the two determinations and the

average sample temperature. Also, report the percent deviation
between readings, i.e.,

» Deviation = (Q, - Q)/(Q, + Q;) x 100
where

Q, and Q, are the charge density of the first and second
measurement respectively.
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1. Miscellaneous

7.1. 0Decay Rate Measurements
8y cornecting the metal receiver to 3 second electrometer and
recorder, 1t may be possible to observe the rate at which the charge
on the bulk fuel accumulates and decays during flow and after flow
ceases. This rate of charge decay is related to the conductivity
of the fuel. It could be useful in interpreting the results of the
streaming current measurements.

7.2. Flow Validity Check
7.2.1.Need for Flow Check

An air drive is used to send the fuel sample through the filter

in order to
¢ Minimize the amount of fuel sample required;
* Minimize the potential of contaminating fuel
samples;
* Minimize the potential of electrical noise from

the electrical drive affecting results, especially
when highly conductive fuels are used.

However, significant error can be introduced in the flow rate
under some circumstances. This can affect the calcuiation of
the charge density as well as the magnitude of the streaming
current. It 1s necessary to ensura that the measurement {s
taken when the flow rate is within 5 to 100 ml/min. The
following procedure is Used to assess whether the apparatus
ga? be used for measuring the chirge density for a particular
ilter.

7.2.2.Y0luzme Measurement for Systea

Assemble the syringe as in Section 3.2.5. Howevar, do not fill
with fuel. Also, do not attach the filter. Clamp the syringe,
i stoppe=. and tubing to the syringe holder upside down. Using
another syringe fi1l the stoppered syringe and tubing with
fuel. (Keep the valve open during this procedure).

Clamp the stoppered syringe to the holder in the precper
position (Section 3.2.5), taking care not to spill any fuel.

Using a 100m) graduated cylinder measure the total amount of
fuel contained in the tudbing and stoppered syringe. Record
the volume measured.

Repeat the procedure two more times. Reject readings {f
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Miscellaneous

variation is greater than +/- 3ml. Average the three valid
readings and record as V.

Calculate the ratio of piston volume to total gas volume, using
the following equation: _

t, = S0/V,,,
7.2.3.Residual Fuel Measurement

Carry out a1l steps given in Sections 3 and 4 using the filter
media to be tested. Note: The electrometer readings do not
have to be taken for this portion of the experiment. Measure
the fuel remaining in the syringe after the plunger in the
drive syringe reaches the bottom. Repeat this portion of tha
experiment three times. (Unless the fuel s dirty, the same
filter can be used). Reject the readings if the variation is
greater than +/-3 ml. Subtract the aiverage of the three
readings from 50 and divide by 50 ml. Record this valye as
Q.

7.2.4.Calculation of Pressure Orop Factor

Using Figure 2, find the value of B for the value of Q and t,
from above. Record this yaluo (8).

12 S v ; ¢
|-
1 : : : : : : 1.0
ol — e p———
i — : ' 0y
0.0 / //" R J, — ; 0.6
Aé; — T | 0
0.4 i ’ 4 >
] :
02 /4 !- - : .
9 1 ¢ + j
¢« 2 . . 10 12 14 16 18 2
B

Figure 2-Pressure Factor Correlation
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7.2.5.Calculation of Minimunm Time to Steady State Flow

0.8 +—

0.8 +-fpfoif

RO AR SN S U i T T

0.4 +{H-

0.9

0.2 0.4 0.6 0.8 1

Figure 3- Flow Rate Correlation

Select the minimum acceptable flow rate relative to the drive flow rate,
F. For standard tests, a value of 0.95 or better should be used. Using
Figure 3, F and B calculated from above, find t ., the minimum time ratio
that can be used to obtain streaming current readings at constant flow

rate.

7.2.6.0rive Flow Rate

Measure the time it takes it takes for the plunger to move froa
the S0 m! mark to the bottom of the syringe. Record the
average of 3 readings as t,. The drive flow rate, R, is

R = 50/t,

The value of R should be approx 1.67s1/sec +/- 0.17 al/sec.
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7.2.7.8teady State Portion of the Experiment
Calculate the minimum start time for reading the streaming
current by using the following equation:
tsnﬂ . t.i.\ X v.u / L
e I8 the time that the fuel flow rate reaches 95% of R or
the steady state flow rate. ,
7.2.8.Tine to Start Selection
Select the time to start averaging readings as follows:
. If t,.,. 15 1ess than 3 secs away from t_, the time for
the p'fun er in the syringe to reach bo‘ttom. then the
Ministatic test is not suited for the filter being used.
Abandon the test.
. If t,.,. 18 5 to 1S seconds less than t,, then average
the sfreaming current results from Loore 20 tope ¢ S
seconds.
¢ If t,.,, I8 shorter than t, by more than 15 seconds, the
average the streaming current between, 15 seconds and
20 seconds into the run.
7.2.9.Examole

The volume of fuel measured by the procedure in Section 7.2.2,
was 64, 6%, 64 ml. Thus, the average volume, Voo = 64.3 ml.

From this, t, = 50/64.3 =« 0.78.

following the procedure outlined in Section 7.2.3, a filter
paper from a Velcon 83 series element leaves, 17, 17, 15 ml
fuel in the syringe at the time the plunger in the drive
siringo reaches the bottom. The average was 16.33 o). From
this, the value of Q = (50-16.33)/50 = 0.67.

Using Fiqurs 2, one can extrapolate for Q « 0.67, ana t_ -
0.78, a value for 8 of 6.8. :

Using Hg%ro 3, one can find for F =« 0.95 and 8 « 6.8, that
t.‘ﬂ L d °0 .

The three times for the plunger to reach bottom from 50 &) were
3(‘); 30, 30 sec. The average 1s 30 sec. Thus R « 50/30 = 1.67
ml/sec.

Using these values, t, .. = 0.38 x 64.3 / 1.67 « 14.6 sec.
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Using the criteria in Section 7.2.8, the streaming current ll
neasu;ements should be taken over the range from 15 to 20
seconds.

7.3. Information
for further information, contact
Or. Edward Matulevicius
Exxon Research & Engineering Company
Products Research Division
PO Box 51
Linden, NJ 07036

(201)-474-2469
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B. Mini-Static Data
B.1 Lab Program

Table B.1.1 -- Mini-Static Charge Tests on Stapleton International Airport Fuel
Samples

CRC Sample Treatment  Cond., Temp., MSEP  Charge Density
Test # pS/m C uC/m3
1 Base Fuel As Rec. 4 23 76 9] 277
3 ASA-3 Inlet As Rec. 54 23 84 -702 -834
Clay Filt. 10 26 -559 -449
Clay Filt.* 4 26 -78 -93
3 ASA-3 Outlet As Rec. 8 23 85 13 196
5 ASA-3 Comm. As Rec. 7 24 88 -82 -41
Inlet
S ASA-3 Comm. As Rec. 5 24 84 565 539
Outlet
7 ASA-3 Clay- As Rec. 6 24 99 -694 -745
Treat. Inlet
10 Base Fuel As Rec. 3 25 86 -41 =32
12 S§-450 Comm. As Rec. 14 26 90 -1882 -2370
14 §-450 As Rec. 4 26 100 -853, -896
Notes

Fuel samples from Stapleton International Airport Full Size Test Program -- Test # refers to test
number (see Section 6)

Commingled fuel inlet is before hydrant servicer; outlet is after servicer

Reference filter used: CA-22

* Multiple Clay-Filtration
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Table B.1.2 -- Mini-Static Charge Tests on Stapleton International Airport Fuel

CRC SAMPLE, TEST TREATMENT k

Samgles
T
#

1 Base Fuel As Rec.
3 ASA-3 Inlet As Rec.
3 ASA-3 Qutlet As Rec.

5 ASA-3 Comm. Inlet As Rec.
S ASA-3 Comm. Outlet As Rec.

7 ASA-3 Clay-Filt. Inlet As Rec.
10 Base Fuel As Rec.
12 S-450 Comm. Inlet As Rec.
14 S-450 Clay-Filt. Inlet As Rec.

Notes

Fuel samples from Stapleton International Airport Full Size Test Program -- Test # refers to test

number (see Section 6)

MSEP Charge Density
pSm C uC/m3*
4 23,24 76 -90 -86
54 23,24 84 -334 -315
8 23,24 85 -146 -150
7 23,24 88 -153 -130
) 23,25 84 -119 -103
6 23,25 99 -182 -283
3 2425 86 -49 -49
14 2425 90 -1032 -1074
4 2425 100 -325 -327

Commingled fuel inlet is before hydrant servicer; outlet is after servicer

Reference filter used: CDF-H
*Duplicates on Different Days
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Table B.1.3 -- Mini-Static Tests on Reference Fuel Studying the Effect Clay Treating
and Commingling

Reference Filter CA22
*Multiple Clay Filtration.

97

Type Cone Treatment k T Charge Density
ppm pS/m C uCoulomb/m?
None - As Received 2 24 -291 -270 -132
None - Clay Filtered 0 24 12 30
S-450 3.0 None 430 23 -10730  -9348
Dilution 5 23 -152 -122
Dilution 12 23 -252 -223
Dilution 25 23 -790 -813
S-450 3.0 Clay Filtered 5 23 -245 -206
Clay Filtered 12 23 -882 -937
Clay Filtered 25 23 -560 -524
ASA-3 1.0 None 337 25 -2553 -3181 -2261
Dilution 5 26 -137 -147
Dilution 13 26 -522 -602
Dilution 26 27 -1097 -1292
ASA-3 1.0 Clay Filtered* 6 26 -396 -395
Clay Filtered* 14 23 -809 =777
Clay Filtered* 28 23 -1838 -1759



Table B.1.4 — Mini-Static Tests Studying Effect of Mixed Additives on Static Charge
Ten” ‘acy of Reference Fuel

Type Conc Treatment k T Charge Density
PPM pS/m C JCoulomb/m-"
ASA-3/ 05/ None 325 22 -3239 -4545
$-450 1S
ASA-3/ 05/ Dilution 5 22 -58 -12
S-450 /5 12 22 -153 -172
25 23 -498 -358
ASA-3/ 05/ Clay Filtered 5 20 -575 -556
$-450 15 12 25 -594 -626
25 24 -1128 -1301
Table B.1.S — Effect of Clay Treating and Commingling of Stadis 450 in CRC Fuel from
Test # 10
Type Conc Treatment k T Charge Density
PPM pS/m C pCoulomb/m3
None - None 4 22 129 202
None - Clay Filtered 0 26 -16 -21
$-450 3o None 560 24 -4273 -4430
Diluted 5 23 310 319
Diluted 12 24 30 63
Diluted 25 24 -420 -305
$-450 30 Clay Filtered 6 22 -63 91
Clay Filtered 12 26 -377 -417
Clay Filtered 24 23 -250 -253
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Table B.1.6 - Mini-Static Tests Using Reference Filter CDF-H & Reference Fuel
Effects of Commingling & Clay Treatment

Type Conc Treatment Charge
PPM pS/m C Density
puCoulomb/m3

S-450 30 None 528 25 -2114
Diluted 5 24 -12
Diluted 14 24 -148
Diluted 25 24 <303

ASA-3 10 None 165 25 -1050
Diluted 5 25 37
Diluted 15 24 -178
Diluted 25 24 -80

Table B.1.7 — Effect of Clay Treatment Through Simulated Bag Clnx Treater

Conc., Clay Conductivity, MST Charge Density
Type mg/L Filtered pS/m @ 19-22C  Filter nC/m3
$-450 3.0 No 920 CA-22 -3414 -3255
S-450 3.0 Yes 6 CA-22 -37 -26
$-450 30 No 920 CDF-H -416 -143
§-450 3.0 Yes 6 CDF-H -10 -3
ASA-3 1.0 No 540 CA-22 -2716 -1811
ASA-3 1.0 Yes 4 CA-22 -1596 -1566
ASA-3 1.0 No 540 CDF-H -290 -333
ASA-3 1.0 Yes 4 CDF-H -786 -756
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Tabie B.1.8 — Effect of Corrosion Inhibitors on Charge Generation Tendency .
Type Conc Treatment k T Charge Density
PPM pS/m C jtCoulomb/m3 l
Denver #10 None - CDF-H 24 -66
DCI-4A 035 CDF-H 25 -68 l
DCI-4A 32 CDF-H 25 -298
E-580 035 CDF-H 25 -45 .
E-580 525 CDF-H 25 -S8
DMD 0.7 CDF-H 25 -43
Reference None - CDF-H 22 -3 '
DCI-4A 0.35 CDF-H 22 3
DCI-4A 32 CDF-H 22 -26 .
E-580 035 CDF-H 22 12
E-580 52S CDF-H 22 14
DMD 07  CDF-H 23 11 l
Denver #10 None - CA-22 24 -364 -354
DCI-4A 035 CA-22 24 -366 -355 '
DCI-4A 32 CA-22 24 -373 -403
E-580 035 CA-22 24 -262 -300
E-580 525 CA-22 24 -429 -451 '
DMD 0.7 CA-22 24 -245 -330
Reference None - CA-22 24 -159 -352 .
DCI-4A 035 CA-22 24 -7 -253
DCI4A 32 CA-22 24 339 293
E-580 035 CA-22 24 -73 -141 '
E-580 525 CA-22 24 215 306
DMD 07 CA-22 24 14 -224 '
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l B.2 Mini Static Field Tests
Table B.2.1 -- Mini Static Test Results from Field Samples
' Colonial LAX O"Hare
k q k q k q
' pS/m microC/m3 pS/m microC/m3 pS/m microC/m3
3 1046 0 -48 4 -16
' 5 581 1 -43 5 -136
6 1508 o -10 5 -84 -
6 842 0 61 3 -28
' 19 3523 0 -132 2 -23
9 4488 0 13 14 -34
' 1 3768 1 9 14 -89
3 1493 1 3 7 -129
. 7 5092 1 17 o -23
4 2245 1 -26 o -19
4 1353 1 -46 3 -49
l 3 2464 0 -21 3 -31
12 6286 0 -222 3 33
' 4 2481 2 0 3 115
10 3454 8 540 1 -100
2 2630 3 15 1 -103
l 5 1550 8 780 5 -98
10 3586 0 85 5 -150
I 5 1856 14 -40
3 534 14 -90
' 4 482
2 949
3 193
' 1 1947
4 440
l 24 12158
4 1582
I 12 4258
' 101




C. Stapleton International Airport Field Data

Enclosed is the raw data from the tests at Stapleton International Airport.
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309 4.02 11.90 289 129 -5.9 23
3% 4.18 11.90 300 120 -39 2.3
400 4.10 11.90 319 120 ~3.9 2.3
410 4.08 11.90 p3.1] 129 -5.9 1.3
420 416 1190 348 12.9 -59 2.3
430 4.0% 11.90 360 13.9 -S.9 23
440 0.83 11.90 38 10.0 5.9 2.3
390 10.0 -9 2.3
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L
el ’ Ty o= Nole g 330
SOA tyoe ASA-3 Act.Time Time Leve VYo Rse Rote
Conc(porn) | dec 1 n ] n/yx
« (&) 13 9 0 129 593 7.6
Te) 43 29 43 1222 1000 s
¢ () $350 159 183 280 2000 $s
g(C/m3) 1. 247 262 3 33200 9.1
Jiscrar ge L 387 b YA 46.8 4300 s.0
Leve 477 481 56.9 $230 S
$99 $91 888 €090 S.4
648 648 706 6500 8.7

Notes:

1. At time vemsed 70m evw M s et

2. Trme c32s3ted f-om fow role

3. Levww cozsdled (-om regression o uTe
. wgt nemseneds

§|'oo-ni= Cr-ovt Jolo Fied Stegin \en.s emeds
he " oITH"G s'd e ’ wd Td Sir

Corront i Sec v as) XY/ Mgz KV/m
——Y MO8 MY )

0 19 $.0 -7.0 1.2
19 0.01 192 3 12.9 -89 23
20 0.01 3.93 49 10.0 -$9 23
30 0.09 593 (L] 120 -5.9 23
40 0.87 3.93 4 10.0 -39 2.3
$0 1.09 3.9 | k] 10.0 -5 2.3
80 .97 39 199 12.9 -59 23
72 129 319} 122 12.9 -$9 2.3
89 1.1 393 139 99 =29 12
90 .12 35.93 1%0 9.0 =20 1.2

190 1.12 393 149 5.0 =7.0 1.2
19 118 393 1800 50 -7.0 1.2
120 .11 5.93 199 5.0 -7.0 1.2
130 1.13 3.9 0 $.0 -7.0 1.2
140 1.10 303 tde ) 30 7.9 1.2
150 1.09 393 0 5.0 -7.0 1.2
200 (A 3.9 %% 8.0 -7.0 1.2
2%0 1.10 3.93 b4 50 -0 1.2
309 1.13 3.93 1 3.0 =7.0 1.2
3so 118 3.93 300 3.0 -7.0 1.2
400 1.29 3.03 11} ) $.0 =10 1.2
430 1.28 3.0 3% 80 =7.0 1.2
$20 .28 39 3 89 -7.0 1.2
530 1.24 393 380 $.0 -1.0 1.2
600 1.2¢ 393 ¥ ) 5.0 =1.0 1.2
50 1.18 3.9 0 S0 =70 1.2
(11 0.07 3.93 .08 S.0 =2.0 1.2
870 0.00 3.93 20 3.0 =7.0 1.2
¢80 0.00 3.9 (3} 3.0 =70 1.2

[} ] 5.0 =70 1.2

«“3 3.0 -1.0 12

«00 8.0 -7.0 1.2

[1,) 50 -1.0 1.2

310 3.0 =-7.0 1.2

£} ¢ ) 8.0 =7.0 1.2

S0 %.0 -7.0 1.2

£ 13 ) 3.0 -7.0 1.2
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i It 30';
Tost # 7 ow [] l’!

A type ASA-3 Act.Time Tieme L@ Vs W e
Cox{ppm) e A% L o n/res
< () 12 0 0 12.0 $9S 124
L (1] 29 28 17.2 1099 10.4
¢ (o) 878 102 96 8.0 2000 a8
/™) 15197 158 169 376 3000 8.2
Dscnr g Yo 228 233 %68 4000 a0
Leve Low 308 302 $¢6.0 5000 8.1
382 n 898 6000 86
422 406 708 $500 20
Nolex

1. Actud tme meassed from leve Texms ot
2. Nime cac.soled from fos rate
3. Leve cocscted (-om reg ession of volsme

vs. reigndt mecswr emends

S)i-eomim Zrrent Nola Fed Slegi™ Ve v enenis
im ur.am, Cacd Tire ¥l Tl O Wes ot

Coront i Sec  ygren fm Mo KV /m

S - B, ", - o
[} 15 1%.9 -4.7 38
10 0.90 7268 30 209 -3 46
20 0.90 7284 4 $3.9 3.4 18
30 078 72.84 €9 4.9 1.1 9.3
40 17.42 72.84 7% 50.0 3.4 1.8
50 3982 72.84 90 60.0 s 139
69 139 Y 7284 129 1239 149 232
72 3522 7284 123 1292 149 232
80 354 72.84 138 8.0 103 18.9
90 3599 72.8¢ 150 70.0 8.0 16.2
100 36.48 72.84 189 80.0 10.3 188
10 38.72 72.84 180 829 10.3 188
120 3718 72.84 195 70.0 8.0 10.2
130 36.82 72.84 210 70.0 6.0 16.2
140 36.73 72.8¢4 228 120.0 149 23.2
150 37.30 72.84 240 20.0 10.3 108
200 36.73 72.84 3% 80.9 10.3 188
2%0 36.39 72.84 270 2.9 128 208
300 35.32 72.84 28% $0.0 34 18
380 3488 72.84 300 60.0 L R 13.9
400 un 72.84 s 70.0 8.0 6.2
410 33.98 72.84 330 60 8.7 139
420 33.8% 72.84 348 8.9 10.3 18.8
430 4.22 72.04 360 0.0 8.7 139
440 0.09 72.84 378 100.0 14.9 282
450 0.09 72.84 390 100.0 149 23.2

Nole Lorge variation in Fled Sirergh
Yarickon S0 = 100 with sphass lo 150
micr o—oTpr e
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Yool ¢ 14}
SOA type ASA-3 Levw  Voumw e ile
Corclppm) T n Go  ofyk
« () 0 12.0 399 8.
) 24 € 17.2 1939 70
f (o) 392 143 143 280 2099 LX |
g/ m3) 7379 224 248 376 3009 5.9
Olserar go No 329 348 488 4009 8.4
Lve 438 448 $6.0 9332 58
382 831 8%.9 6292 S8
604 801 708 $590 8.

Notes:
1. Actuy time nessed (rom 'ove Temssr ened
2. Nime cocsted (-om fow rale
3. Level cocsated f-om regression of oume
va heign meoss emenis

Sl'g'a 'g.r'nl Daig fied Stegty WF:
’ eI™NY 'd e ™ St 1..4 Sie

Corent i —Sec____yovoe Y/m  Mogm KV/m
{1 I . - MO °

(] 1S 2%.0 -2.4 S8
9 0.97 27.43 30 2%.9 -2.4 S8
20 0.9? 27.43 48 2%9 -2.4 S8
32 0.9% 27.43 (3] 32.9 -1.3 6.9
40 992 27.43 78 32.9 -1.3 (X}
50 13.08 27.43 90 380 -0.1 8.1
6d 1175 27.43 198 129 -1.3 69
73 1y 92 27.43 129 152 0.1 81
83 12.27 27.43 13% 492 1.1 93
90 12.49 27.43 150 33.9 -1.3 89
120 12.68 27.43 165 32.9 -1.3 (X}
"o 12.74 27.43 180 39.9 -1.3 X
120 12.82 27.43 199 339 -1.3 s
130 12.69 27.42 210 5.9 -0.1 [ B
149 13.99 27.43 228 359 0.1 8.1
150 13.08 27.43 240 35.9 0.1 o1
200 13.20 27.43 258 33.20 -1.3 [ X )
250 12.99 27.43 270 3%.9 -0.1 8.1
300 13.32 27.43 28% 439 1.1 23
330 15.2¢ 27.43 300 430 1.1 9.3
400 13.08 27.43 315 35.0 0.1 [ X]
4%0 13.9% 27.43 330 4929 1.1 [ X
500 135.92 27.43 343 N -1.3 (X ]
%0 12.92 27.43 380 42.0 " 93
800 13.9% 27.43 373 42.0 1.1 2.3
610 13.09 27.43 390 35.0 -0.1 8]
820 0.08 27.43 403 40.0 1.1 3
¢30 0.09 27.43 420 40.0 1.9 .3
840 0.09 27.43 43 350 -0.1 (8}
450 350 -0.1 8.1

463 30.0 -1.3 [ X )

480 3.0 0.1 LX)

499 45.0 2.2 10.4

510 4%.0 2.2 10.4

529 350 0.1 8.1

$40 %0 0.1 [ §}

1.1 35.0 0.1 8.1
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Lk |
T.'l ] oe ¢ "g
SOA Iy2e ASA-3 act. firme e v Yousve Y30 e
Corel30m) . L 9 /s
w{ Pt 0 12.9 9% 2.1
"N (Y] 28 i7.2 1399 10.4
¢ (o) { 2] " 28.0 2000 8.8
oL/ n3) 1108.3 11 36 3000 8.2
Discr» Y 233 4“8 4000 8.0
Love we 302 96.0 5000 8.
m 65.3 6000 8¢
408 706 €300 90
ofex
1. Actud time TeRmsed [-om level Tecsseved
2. Trra c3saRed 1-om fow *He
3. Leve cocsdted -am regression of voune
ve. heignd nocs » ovends
2“’ Srod Eg "g Stegin “lﬂ”:
e oy q [abd T o
Crood i Sec oo <v/m Moy KY/
M _Ovee _ OTOS 0
0 9 239 -38 46
10 000 61.18 b B 2%.9 -2.4 58
20 007 61.18 43 3.9 -1.3 ([ X ]
- 30 083 6118 83 $99 3.4 "s
40 13.70 ét.18 78 70.0 80 18.2
%0 47 $1.18 20 90.0 128 208
[ 3] 26 84 6119 V9% 6.0 $7 139
AP 2938 g1 18 129 1999 149 732
[ ] 2888 61.18 138 339 128 208
0 30.91 61.18 189 122.0 149 232
100 0.3 $1.18 1 }) 70.0 8.9 16.2
10 29.02 §1.18 189 739 8.0 18.2
120 3049 s1.18 199 80.0 12.3 189
130 30.9) 61.18 210 1000 149 23.2
140 30.48 61.18 228 7.0 890 18.2
180 30.84 $1.18 240 100.0 149 28.2
200 30.2¢ 1.8 299 $0.0 3.4 1.6
1%0 9.8 ¢1.18 270 70.0 8.9 1$.2
300 29.33% 61.18 209 100.9 14.9 23.2
350 2089 61.18 300 200 128 208
400 27.97 $1.18 319 0.9 8.7 13.9
410 822 61.18 330 9.0 128 208
422 20.7% $1.18 343 8.0 10.3 188
430 11.93 1.8 180 100 173 258
440 0.08 61.18 375 20.0 128 20.8
430 0.08 81.18 30 700 8.0 18.2
403 $0.0 3.7 139
420 700 { X ] 18.2
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Test 4

S04 tyos

Conc{porn) niw

X (:J) 123

) 1] 28 28 17.2 1939 103

f (V) 870 104 97 28.0 2009 87

q(C/m3) “ 158 168 (Y XY 3000 8.1

dschorge Yo 224 238 «8 4200 79

Leve s 394 304 $6.0 8039 8.0
380 373 3.3 6309 [ %
421 408 70.¢ ¢300 920

Nolex

1. Actugd time messed fr3m bve mem.s et

2. Time cocsdled from (0w rofe

3. Lovd cocuscted from reg ession of vousmw
va. reight neas ements

L—?—"""’. Sroed ot r".wﬂm_‘"a-g
e ’ eITe g Cac'd e ? Trod -

Currond i e MITOS v/m Moy KV/m

T MYTES ] o
) 19 382 0.1 8.1
10 0.01 223 30 $3.9 s 139
20 0.04 2414 48 199.9 388 “o
0 7.58 2429 89 2332 38 46.3
40 12.29 24.31 7% 290.9 38 4.3
50 12.79 2431 20 2%0.9 4.7 87.9
69 1292 2434 198 1989 3.3 ars
79 1297 243t 129 2959 393 N
80 12.89 243 139 ik ) 4.4 48.6
90 128, 2.3 150 110.0 494 48.8
100 1292 243 189 2109 40.4 s
"0 12.70 2431 180 2193 LY Y
120 1268 2431 198 2100 Ty s
130 12.7% 240 210 2109 40.4 48
149 12.44 240 229 2199 9. <8
150 1283 24.51 240 210.9 40.4 488
200 12.22 24.1 2%% 210.9 40.4 488
250 12.08 240 270 2129 40.4 s
300 11.72 240 28% 218.9 “e 490
380 1.8 249 300 ns.o “s "s
400 1.4 2.1 ns 1%.0 “os 0.
410 11.13 2430 330 2189 “"e "s
420 11.23 243 348 21%.9 “"e "8
430 0.07 24.M 380 21%.0 “s 9.8
440 0.08 240 378 220.0 @z $0.9
390 220.0 427 $0.¢
409 200 @y 30.9
4993 0.0 L %/ 159
470 $0.0 34 1"se
828 430 12 10.4
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Yeur ¢ ™ . 11 e
SOA type Act. Tirne fire e Voum Rse Tte
Coe{oom) = 1o a o /s
« {3J) ¢ ° 0 12.0 95 8.
1 " Pt 42 17.2 1009 7.0
e $90 144 143 .0 200 S.9
F(C/m3) 3989 226 248 378 3099 s3
Diszrge N 333 LY .8 4009 S.4
Leve 42 448 38.0 309 9.9
%0 351 653 639 .8
604 801 708 5N 6.1
Notes:
1. Aciug time e s el Irom wvo Tems ened
2. Time z0cs3ed trom fow rale
3. Leve cocsded from e ession of voume
vi. heigd Tecsr ements
S!'m\i; fol 4l o ] ?3 rwgrmu._'_wr_‘
re ’ SN e wd m'
Curond i Sec 0 v/m Max V/m
yocs YL . - - o
o 19 359 0.1 8.
19 0.98 w.n 30 3.9 ~0.1 8.1
b 2908 14.81 49 8.9 10.3 188
A L] 2.99 14.89 [ 3} 1339 149 232
4 0.3¢ 14.88 7% 1909 208 LY R-]
30 6.02 14.8% 90 193.0 358 449
83 788 14895 108 1999 358 44
79 P ) 14.9% 129 2189 s 438
80 7.6 1488 139 2139 4.4 s
92 r.62 14.05 150 2189 4He 498
100 7.5% 14.89 169 2150 4“9 9
1190 7.82 1485 189 229 427 3.9
120 7.92 14.8% 198 9 4.7 0.9
130 7.48 14.8% 210 21%0 418 448
140 7.43 1689 228 2190 “©e 9
130 7.42 14.8% 240 2300 45.0 3.2
200 1.32 14.0% 299 2200 .7 90.9
2600 7.17 1489 270 9 Q.7 $0.9
300 7.1 14.0% 289 22290 4.7 5.9
350 7.03 14.0% 300 22,0 427 0.9
400 .09 14.85 319 2220 Q2.7 50.9
450 7.0 1488 330 2.0 Q2.7 53.9
900 7.92 1409 348 22,0 4.7 309
330 (X 1 1489 3e0 2200 2.7 $9.9
600 6.90 14.83 38 $20.0 @7 30.9
610 693 14869 390 2200 2.7 30.9
620 600 1403 403 2200 2.7 0.9
430 1.09 1489 420 2200 417 90.9
640 0.08 1409 433 2200 a2 0.9
630 0.0 1409 450 220.0 427 $0.9
483 2200 4.7 $0.9
480 2200 2.7 %0.9
499 2200 0.7 50.9
$10 2200 42 509
529 2200 2.7 $0.9
S40 2200 4.7 30.9
£ 1} ) 2200 Q2.7 $0.9
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v
el ¢ ! l'o% “Ry -
A 1y Siods 450 firve Tre e Vouve Nse .Uo

Core{o0m) S N n S
« (S 24 ° 12.0 393 1.9
1t} 74 29 29 1.2 1299 10.2
r (o) (11 108 "’ 26.0 2000 (Y3
d(C/™3) 308.3 162 168 »se 3000 8.0
Oiscrr o Yo 229 Y32 4.3 4200 78
Leve Low 399 307 98.0 5099 8.0
389 378 TR 8399 8.4
s s 7.4 8300 X )
Notex

1. Acto time memsed f-om ‘oo memJs evwi
2. Twne cocsoled from fow rale
3. Leve cocuated from cegersion of vouTe

V. "aign e s ovenis

- g ] Sled St
' e eyl T

e
Cureond i _Sec __oOvS xv/m M <V/m
—0____LOVOS — T o
0 15 $3.9 3.4 1"ne
10 0.99 16.73 30 2.9 s.? 159
20 0.09 16.73 '} } %9 9.2 17.4
N 0.48 16.73 €0 839 03 189
40 'R 16.73 7% 8.9 0.3 18.9
80 .72 16.73 90 9.0 126 208
60 8.9% 1873 108 1209 14.9 23.2
n 33 15.73 120 82.9 123 185
L 887 18.73 138 9.3 10.3 189
s 8.5¢ 16.73 130 1309 149 232
1w 072 16.73 163 9.0 138 223
110 8.42 18.73 180 8.0 2.3 109
120 8.9% 18.73 199 90.0 128 208
130 8.50 16.73 210 0.0 10.3 18.%
149 838 16.73 228 739 K] 162
130 8.0? 16.73 260 8.0 10.3 1.9
200 .30 16.73 ril] 80.0 10.3 18.8
%0 (B 1] 16.73 270 9.0 12,6 208
300 8.00 16.73 209 9.9 126 208
3%0 7.84 16.73 300 8.0 1K 3 19.7
400 7.9¢ 18.73 318 0.0 10.3 18.%
410 602 16.73 330 8.0 10.3 133
420 1.2¢ 16.73 348 0.0 10.3 18.8
430 788 16.73 340 19.0 8.2 17.4
440 0.08 16.73 379 5.0 118 19.7
30 800 10.3 169
403 9.0 3.8 2.0
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3 Qe Q
el S N 51
SOA type Sigtis 48D act.Nirme Tive Leve vo sra [Use Whe
Core{pom) e 39 " - S n/e
% {SJ) 22 0 0 12.9 393 8.4
; Tf) 12 18 40 12.2 1022 73
i f () 10 148 138 289 2202 (]
gL/ m3) 2118 220 23? 3 X3 [LLE) 8.7
Qisrrge No 32% 338 %8 490 ss
Leve 439 433 6.9 435 ss
538 833 838 8322 80
588 882 708 $839 s3

Notes:
1. Azl g lime Teossed from evw TwBns e
2. Time 2ocsoted 1-5m fow ‘ale
3. Levw c3cuated lrom ragression of voume
vi "aignl meas s enenty

2'0@1\': Srret Jote fie 3 Stegh \h:s.lrrﬁ:
me eI Y Cac'd e Y] : —Tea U

[ 4

Cuorov i Sec NI w/m Mox XV/m
—_—t  woves oms 2

0 5 $%.9 48 12.7
10 0.09 8.1% 3 $%.2 4.3 V2.7
20 0.09 818 49 [ D3] L N4 139
30 220 8.13 [ 3} [ 32} 8.7 139
40 2488 8.1% 78 68.2 68 150
S0 349 [ B} 9 630 [ ¥ ] 15.0
62 .47 818 13 650 ¢S 15.0
72 384 819 L] $%9 ¢S 1%3
20 184 8.9 150 €30 68 15.0
100 3.73 8.18 1 1) 739 8.0 16.2
110 .79 818 ] &) 652 6.8 19.9
120 b ¥ 1 8.8 '3 739 8.9 16.2
130 3.7¢ [ R} } 29 799 80 18.2
143 L %/ ) 8.1% b p ) 730 8.0 16.2
150 wmm .48 19 750 8.0 142
200 3.90 8.1% 299 7.9 8.0 18.2
250 . 8.1% amn 7329 8.0 18.2
3 3.79 { R} by L) 732 8.0 18.2
350 AX 1 (R} ) ne 8.0 16.2
400 LY Y [ R} 3y 0.9 8.0 18.2
430 b X ) 8.1% 13~ 3.9 S8 15.0
300 392 8.8 343 (1% 8.8 15.0
$50 A X ] 8.1% 49 .0 (¥ 15.0
70 3.8 8.8 3 (19 (¥ 15.0
80 3.6 8.8 "0 $s.0 X ) 15.0
990 . [ B1} 5 5.0 .8 15.0

$00 0.08 013 950 100 8.0 18.2
438 70.0 8.0 6.2
43 70.0 8.0 16.2
«“3 700 8.0 16.2
L 70.0 8.0 16.2
o9 70.0 80 16.2
910 J0.0 8.0 18.2
9 70.0 80 16.2
340 70.0 8.0 18.2
998 700 8.0 16.2

80 334 8.19% 13% 7.9 82 162 I
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Stods 430
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Fm E, woTrg

Notex
1. Actug time meassred from ‘eve meas s e
7. Nime c3zu3ted from fow role
3. Level cacsded from ceg mssin of vosme

vs. " Tessemenls
4. Achua trme ot mecssed

10
20
39
40
90
[ £
n
[ b
90
100
19
120
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142
150
160
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182
19C
00
r AN}
224
r3
240
%0

Love Youre
n - n/ae
120 99S 1.2
29 12.2 1399 109
100 280 299 88
(RA] 374 3039 7.9
242 48 4390 2.7
313 6.0 $232 7.8
384 833 8939 83
420 708 6930 8.7

i ] - L
Y| rm i'-oi Ted o I TRiO
Cuorod i __Sec yorop Kv/m __ Mgexv/m
IR . . I . . - B °
] 15 8.9 -7.0 1.2
0.00 309 30 19.9 -59 2.3
0.00 30.34 4 439 'R 93
0.52 30.34 62 329 -13 8.9
10.49 30.34 7% 9.9 3 116
13.90 30.34 90 3.9 -1.3 X
14.94 3.3 108 429 1.1 9.3
14.79 93 129 %39 34 116
14.84 30.34 13% 32.9 -13 69
14.34 30.3¢ 150 23.9 -3.6 Y]
1392 30.3¢ 185 4.9 11 93
14.32 30.34 189 0.0 1.1 93
13.99 30.34 19% $3.9 3.4 1.8
1401 30.54 210 90 -8.2 0.9
13.94 30.34 228 4.9 1.1 93
14.02 30.34 2490 $9.0 3.4 1s
13.69 30.34 2%% 3.9 -1.3 6.9
13.0¢ 30.34 279 $2.9 3.4 16
12.2¢ 30.34 288 39.0 -1.3 6.9
1267 30.34 300 3%.0 -1.3 (X ]
12.0° 30.3¢4 1S 39.0 -1.3 8.9
12.82 30.34 b3 %) 49.0 1.1 .3
1268 30.34 545 49.0 1.1 .3
12.88 30.3¢ 360 33.0 -1.3 [ X ]
2.22 30.34 378 49.90 1.1 .3
0.0% 30.34 390 $3.0 3.4 1.e
0.0% 30.34 409 30.0 -9.3 [ X ]
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D. Residence Time Study Data
The appendix contains the raw daw for residence time available in various equipment. The data is
coded with reference numcer in the event future retrieval is necessary.

Table D.1 -- Residence Times for Hydrant Servicers with Filter/Coalescers

Reference No of Flow Volume Vessel Residence Time (sec)
Units Rate After  Volume
Vessel After

Elements
USGPM cubic Gallons After Vessel In Vessel Total
—_— Jneh
101 71 500 5047 262 NA N/A
102 29 500 6223 3.23 NA N/A
103 10 350 4447 33 NA N/A
104 4 500 9791 5.09 NA N/A
105 2 500 12380 95.2 8.43 11.42 17.85
108 5 575 5881 79.3 2.68 8.27 10.93
107 5 475 8434 4,61 NA N/A
108 8 500 4588 649 2.38 7.79 10.17
109 20 450 1066 2 6.15 NA N/A
110 31 550 5975 74.6 2.82 8.14 10.98
11 10 589 3433 118.5 1.62 13.04 14.66
112 2 800 1028 5 3.34 NA N/A
113 7 750 6234 2.16 NA N/A
114 4 750 6755 1271 2.4 10.17 12.51
115 i9 500 4572 1271 2.38 15.25 17.83
116 14 740 4951 1271 1.74 10.31 12.05
117 5 300 2274 88.4 1.97 17.68 19.85
118 15 300 2578 88.4 2.23 17.68 19.91
119 4 810 3923 1.26 NA N/A
120 13 420 8008 495 NA N/A
121 1 375 16028 54.2 111 8.67 19.77
122 10 450 5938 §5.2 3.43 7.36 10.79
123 5 450 6861 55.2 3.96 7.36 11.32
124 1 600 3859 1.67 NA N/A
125 1 500 4491 62.8 2.33 7.54 9.87
128 2 500 3718 1271 1.93 15.25 17.18
127 2 800 5504 122.2 2.38 12.22 1486
128 6 600 7872 62.6 3.32 6.26 9.58
129 8 600 7031 55.2 3.04 5.52 8.56
130 1 100 4750 15.1 12.34 9.08 214
11 3 500 5777 74 3 8.88 11.88
132 2 470 8041 55.2 334 7.05 10.39
133 7 470 5806 55.2 kI3 7.06 10.27
134 2 400 8239 84.9 4.05 0.74 13.79
135 4 6800 7630 3.3 NA N/A
138 9 600 7365 62.8 3.19 6.28 9.47
137 5 1000 2813 725 073 4135 508
138 7 480 6008 84.9 3.25 8.1 11.30
139 1 600 8838 84.9 2.87 6.49 9.238
140 3 800 6009 746 2.6 7.46 10.08
141 2 800 8395 746 3.63 7.48 11.09
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Table D.2 — Residence Times for Refuelers with Filter/Coalescers
l Reference No of Flow Volume Vessal Residence Time
Units Rate After Volume (sec)
Vessel After
Elements
I USGPM  cubic Gallons After In Vessel Total
inch Vessel
201 P 250 3218 226 34 542 8.76
I 202 2 550 7956 95.2 3.76 10.38 14.15
203 2 100 2509 7.5 8.52 4.5 11.02
204 3 600 5292 542 2.29 542 7.71
l 205 9 500 7474 54.2 3.88 8.5 10.38
208 5 500 5890 2.98 NA N/A
207 7 650 7210 115.1 2.86 10.62 13.5
I 208 1 320 5919 952 48 17.85 2265
209 10 450 4023 232 NA N/A
210 3 225 4434 512 NA N/A
211 2 70 4360 18.18 NA N/A
' 212 1 200 4834 20.5 628 8.15 12.43
213 2 300 6857 20.5 504 4.1 10.G4
214 1 200 8291 20.5 817 8.15 14.32
l 215 4 400 11630 59.6 7.55 8.94 16.49
216 1 500 12660 67 NA N/A
27 1 100 2502 133 LK) 7.98 14 .48
I 218 1 200 4439 16.7 577 5.01 10.78
219 1 600 5754 95.7 249 9.57 12.08
220 1 800 479 952 208 9.52 11.58
221 1 100 2485 64 NA N/A
l 222 1 300 2804 21.1 243 422 6.65
223 1 300 4883 20.5 421 4.1 8.31
224 1 450 8383 57.2 484 7.83 12.47
I 25 2 400 6021 542 3 g 8.13 12.04
228 2 400 0241 6 NA N/A
227 2 400 6189 93.1 403 13.97 18
I 228 221 270 1359 131 NA N/A
229 1 100 2658 20.5 L N] 123 19.2
230 3 800 13205 74 572 7.4 13.12
I 231 1 600 15278 931 LY ) 9.31 15.92
232 2 6800 5910 154 25 15.4 17.98
233 2 800 7010 95.7 303 9.57 126
234 2 600 11619 95.7 503 9.57 148
I 235 4 600 110987 95.7 48 9.57 14.37
238 1 800 11352 135 4 91 13.5 18.41
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Table D.3 - Residence Times for Hydrant Servicers with
Absorbing Media Monitors e

Reference No.of Flow Volume esidence Time
Number Units Rate

GPM Gallon Sec
301 21 900 10573 3.05
302 12 900 10163 3.11
304 21 900 10831 3.13
303 13 900 11541 3.33
305 5 900 14338 4.14
407 12 100 1610 418
402 20 550 9778 462
404 5 180 3765 5.43
406 15 450 10490 6.05
401 15 550 12846 6.07
405 12 800 14321 6.2
403 10 550 14764 6.97
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E. ASTM Request to the Coordinating Research Council

CRC Letter Answering Research Request from ASTM

Max Kurowski, Chairman
ASTM D.02.J Sub-Committee on Aviation Fuels

In your March 14, 1989 letter to A. E. Zengel, ASTM Sub-Committee J on Aviation Fuels

requested CRC to undertake research to define the electrostatic risks of handling commingled jet
fuels containing static dissipater additive (SD4; and having a conductivity less thar 50 pS/m. The
work has been completed and a report of the findings is betng prepared. The answer to the three
specific questions posed in your 1989 letter are:

Do fuels containing SDA with a conductivity less than 50 pS/m present an electrostatic risk
in U. S. handling systems?

Commingled fuels that combine fuels with static dissipater additive (SDA) with non-additized

fuel do not exhibit unusual static charging behavior. These can be handled as safely as non-
additized fuels.

If fuels containing SDA are clay filtered to a conductivity of less than 10 pS/m can they be
considered additive-free?

Fuels that contain SDA and are clay filtered cannot be considered additive-free because the
clay changes the relative proportion of components of the SDA remaining in the fuel. This can
cause unexpected static effects in handling. For this reason, fuels containing SDA should not
be clay filtered to low conductivity levels.

Do likely changes in aircraft fueling systems lead to any changes in the assessment that SDA
is not needed to protect facilities during aircrafi fueling’

If changes in future aircraft systems approach or exceed the low residence times in the CRC
program, SDA to a minimum of 50 pS/m may be needed to protect the aircraft and facilities.
SDA would not be needed if adequate residence times are maintained.

CRC is preparing recommendations to incorporate these replies to your specific questions,

to suggest the need for a better test for assessing charging tendencies of additives and equipment,
and to define the appropnate design and operating parameters of aircraft fueling systems.
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