SURVEY AND ANALYSIS OF AIR-DEPLOYABLE IGNITERS

April 1986

Prepared by:

Spiltec
10541 Treeline Court
Anchorage, Alaska 99516

Under Contract to:

Shell Western E&P Inc.
601 W. 5th Avenue, Suite 810
Anchorage, Alaska 99501

for:

Alaska Clean Seas
12350 Industry Way
P.0. Box 196010
Anchorage, Alaska 99519






ACKNOWLEDGEMENTS

This report was prepared by Alan A. Allen, Spiltec. The project was
administered by Shell Western E&P Inc.

Additional assistance was provided by:

James Lukin, Lukin Publications Management
Robert E11is, Ellistrations

ii



SURVEY AND ANALYSIS OF AIR-DEPLOYABLE IGNITERS
TABLE OF CONTENTS

Page
PROJECT SUMMARY-oou--.-o.----oona-l-n.l-l--.oool--ooo--conocu---nouo---.n s-l

1- BACKGROUND AND OBJECTIVESQnlo---.lol--.ooo---ooo.o---.uo---o.oo-.--ao 1—1
2. IGNITER PERFORMANCE CRITERIA...ciesccavconcnanensrrccncrercconnsnans 2-1
3- EXISTING OIL SPILL IGNITION SYSTEMS..-c--olo-----o.ol-t-oo--o--nol--- 3—1

[#%)
1
~

3.1 Environmental Protection Service (EPS) Igniter........ceevenene

3.1.1 Physical Description..cceceecccsecesroncccnnocrnassasssne
3.1.2 Operational ConsiderationS....eveeecvencencnoracccncannsns

e ¢ PY
oo (=] £ N

3-2 Dome Igniterllc...'.l..l.!l..-..l.lc.-.l.l--l'.l.l......‘.u.l...

3.2.1 Physical Description..ciecieceescscccccasncnnercrnccecees
3.2.2 Operational ConsiderationS.seeeeeesenrcnasranocnnaccraees

.
]

1
LY N

4. POTENTIAL OIL SPILL IGNITION SYSTEMS....eevecnnvracccvennccnacrscnces
4.1 Laser Igniteriiessececcecscsssoscsscacraccssscnnnnsssaccnvacnone

4.1.1 Physical Description.ccescccsesanscsnseciscsocccccorcnece
4.1.2 Operational Considerations...ceeeeecuescancecencnoianoces

B e '

]
~J

4.2 Helitorch Igniter..iciiecececsscsaaseeronancscncncasnsncnccncnnes

4.2.1 Physical Description.eseecsceccscacacens teessessrsssasans 4-7
4.2.2 Operational ConsiderationS..ceceecececncaascccacencccncns 4-11

4.3 PremU Aeria] Ignition DEVice.............-......-......-......-. 4-13

4 3 1 Phys]ca] DeschptlUn-......-....-.-......-......-......-. 4-13
4.3.2 Operational Considerations.....eeceviesececccscnccnannces 4-18

5. SUMMARY EVALUATION AND RECOMMENDATIONS.....ccccceranecnerancnonnecens 5-1

REFERENCES. ----- no.ao---oo.---o-oo-lo--no-o--tnouu-.no'n--.o.lcnciooc---o R‘l

ifi



3-1

3-2

3-4

4-1

4-2

4-3

4-4

4-5

4-6

4-7
4-8

4-10

4-11

LIST OF FIGURES

Page
Environmental Protection Service (EPS) Igniter, or PYROID
Igniter, Showing Internal Firing Mechanism...eeeeveennenrnnnnns oo 3-3
Basic Design and Internal Components of the Dome Petroleum
Ltdo Ig'ﬂiter. ------------- LI BRI BN B R RN R R I B I I N R S R Y LI Y O A S Y 3"7

Burning of Gelled Kerosene During Preheating of a Trapped
Qi1 Slick with the Dome Igniter (Energetex Engineering).e.iivee... 3-8

Vapor Ignition and Initiation of Self-Sustaining Flame Over
011 Surrounding the Dome Igniter (Energetex Engineering)......... 3-8

Sequence of Events Involving the In-Situ Combustion of 0Qil
on a Melt Pool Using a Laser-Ignition System....eeevsvernceereess 4-3

Primary Components of the Sling-Loaded Helitorch
Ignition Device...... Tensssesseteseseassenassresatenesaansnsanas .. 4-8

Side View of a Helitorch Ignition Device Including Main
Frame, Bail, and Electrical Cable (Canadian Forestry Service).... 4-9

Ignition and Release of Gelled Fuel from a Helitorch
Ignition Device (Canadian Forestry ServiCe)eiieeeereseensnvnneens 4-9

Blob of Gelled Gasoline Burning on a Gravel Surface
(Canadian Forestry Service)e.ievecesreececescrnenn P R K4

Polystyrene Spherical Containers Used to Hold the Potassium
Permanganate Making up a Premo Aerial Ignition Device, or

"AID" (Premo Plastics Engineering Ltd.).ivicieennrncnnnnerannnnns 4-13
Injection of AID with Glycol During Demonstration at Factory..... 4-14

Release of Flames from AID on Floating 011 Following
Injection with GTyCOoT.userereneereeecnenseccncanns snsssacenssenas 4-14

Primary Components of the AID Dispenser.....c.veeececececscoaseses #=16

AID Dispenser with Easily Removed Hopper and Feed-Chute
Assemb]yll............t.l. lllllllllllllllllllllllllllllllllllllll 4_17

AID Dispenser with Hopper, Feed-Chute, and Exit-Chute
Mounted and Ready fOY' USEOnon.ao---o- ---------------------------- 4‘17

iv



LIST OF TABLES

Page

5-1 Summary of Igniter Characteristics and Performance.............. 5-3/4



PROJECT SUMMARY

In-situ burning is one of several oil spill control measures that may be
selected under certain circumstances to reduce the overall potential for
environmental impact. The burning of oil in place may be a viable response
option, particularly when it is unsafe or impractical to use physical removal
techniques effectively. The most important, and often very difficult, step in
conducting an in-situ burn is the safe and efficient ignition of the spilled
oil. And when the oil is floating on water, the ignition process must usually
be initiated from the air. This report contains the results of a one-year
survey and analysis of existing and potential aerial ignition systems for
initiating the combustion of floating oil slicks in arctic or subarctic
conditions.

The performance criteria for a safe, cost-effective ignition system are
numerous and difficult to achieve in a single ignition concept. This study
provides an overview of key performance criteria, while describing the extent
to which several ignition concepts meet or fall short of such requirements.
The following ig'n"ition systems are assessed:

0 EPS Igniter. Also known as the "PYROID" igniter, this pyrotechnic
device was initially designed by the Canadian Defence Research
Establishment, Valcartier (DREV), developed and tested by the
Environmental Protection Service (EPS) as part of the Arctic Marine
0ilspill Program (AMOP), and subsequently manufactured by ABA
Chemical Ltd. (now Astra Pyrotechnics Ltd.) in Guelph, Ontario,
Canada. The igniter, which measures 10 by 10 by 5 inches and weighs
4 1/2 1b, consists of incendiary materials and a firing mechanism
sandwiched between twe polystyrene flotation pads. Once the device
is activated, a 25-second delay provides sufficient time to toss the
igniter and let it settle within the target oil slick.

o Dome Igniter. Like the EPS igniter above, the Dome igniter is a
lightweight pyrotechnic device intended for release by hand from a
low-flying helicopter. The igniter was developed by Dome Petroleum
Ltd., Calgary, Alberta, Canada, in cooperation with Energetex
Engineering, Waterloo, Ontario, Canada. Measuring approximately 12
by 7 by 4 1/4 inches and weighing a 1little over 1 1b, the unit
consists of a wire-mesh fuel basket with solid propellant and gelled




kerosene slabs suspended between two metal floats. The igniter is
started with a separate electric ignition system that activates a
10-inch-long fuse wire. The fuse provides a delay of about 45
seconds.

o Laser Igniter. Under the sponsorship of the Environmental Protection
Service, Environment Canada, and under contract to Arctec Canada
Ltd., scientists with Physical Sciences Inc. (Andover, Massachusetts)
have been successful in igniting pools of oil with a dual-laser
approach. A continuous-wave CO laser is used to heat a localized
area of an oil pool to create %urface temperatures above the 0il's
fire point. A focused high-powered pulse from a separate laser is
then aimed at the vapors above the heated oil to ignite them.

o Helitorch Igniter. Though commonly used onshore by the U.S. and
Tanadian Forestry Services, the Helitorch shows promise of being
~ useful for the ignition of floating oil slicks. The Helitorch is a
compietely self-contained unit consisting of a fuel barrel, pump, and
motor assembly slung beneath a helicopter. The unit is controlled
with an electrical connection from the Helitorch to a panel in the
cockpit of the helicopter. when the unit is activated, gelled
gasoline and/or kerosene is pumped from the fuel barrel to a
specially designed orifice where it is ignited and released as a
highly viscous stream of burning fluid.

o Premo Aerial Ignition Device (AID). The AID system has been examined
Since 1t could be adaptable to the design of a new and improved
air-deployable igniter for floating oil slicks. As with the
Helitorch, the AID has been used extensively in the forestry services
for debris burning and forest fire control. Manufactured by Premo
Plastics Engineering Ltd., Victoria, B.C., Canada, the Premo AID is a
polystyrene spherical container about 1 1/4 inches in diameter with
about 3 grams of potassium permanganate inside. Once the device is
injected with a small volume of glycol, an exothermic reaction is
initiated resulting in the melt-down of the spherical container, with
flames lasting about 20 to 30 seconds.

Each of the above ignition concepts represents a relatively unique approach
for initiating am in-situ burn. In spite of their differences, this report
contains an assessment of each igniter's configuration and performance
characteristics under a broad range of criteria. These performance criteria
include 30 individual assessment points under the headings of safety, storage,
government regulations, availability, cost, and operational considerations.
The intent of this assessment is not to rank the ignition concepts, but to
identify the strong and weak points for each system, thereby revealing the
"ideal” characteristics for a new and improved igniter.

S-2



From a safety standpoint, all of the igniters described have certain obvious
risks associated with their use. These risks, however, can be minimized
through normal storage and handling precautions. One clear advantage of the
Helitorch and laser concepts is that there is no need to be concerned about
the handling of a device that has been released and which has failed to burn.
It is also apparent that these two systems eliminate much, if not all, of the
usual storage and handling requirements associated with pyrotechnic devices.
There would normally be less time, effort, and money spent in complying with
government regulations (compared to explosives storage and transport), and
Targe numbers of igniters with relatively short shelf-lives would not have to
be stockpiled and periodically replaced.

The availability issue is of particular importance, since the Dome igniter is
the only proven igniter for floating oil slicks that is currently stockpiled
in the U.S5. and Canada. Of the pyrotechnic devices examined in this study, it
is the only igniter for which raw materials are immediately available and for
which emergency manufacturing could be started almost immediately.

In the final summary evaluation section (Section 5), information is provided
on the relative merits of using individual hand-thrown devices versus “energy
beams" or the broadcasting of many small and inexpensive igniters (or
promoters) with an automatic dispenser. A rapid-fire broadcasting approach
has many advantages (for example, when there are many 100's or 1,000's of
isolated o1l pools in close proximity to each other).

The desirable flame temperatures in excess of 2,000°F and burn durations of
2 to several minutes for the EPS and Dome igniters may be difficult for the
other ignition systems to match. As demonstrated in numerous field trials
both in Canada and the U.S., an intense burn for several minutes (yet with a
soft, unpressured flame) must be achieved for the proper exchange of heat in
volatilizing and igniting the oil and sustaining the flame over a cold
floating oil slick in arctic or subarctic waters. These and other desirable
operating characteristics are discussed in Section 5, where some improvements
and innovative ignition concepts that could be explored during future efforts
are also presented.
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1. BACKGROUND AND OBJECTIVES

The igniticn of an oil spill is one of several techniques that may be selected
to reduce the potential for environmental impact. The in-situ burning of oil
may be of particular value in remote areas and under conditions that do not
favor the physical removal of oil. The elimination of 0il by burning may
involve oil that has been spilled on land, solid ice, broken ice or water. In
some cases the oil may be immobilized (or at least partially constrained) by
the surface on which it has been spilled; for example, soil, ice and snow.
011 released from a blowout or a tanker accident into a moving ice field could
become entrained in the ice and later surface as many thousands of individual
pools of oil on melting ice in the spring. In other situations, the oil may
exist as a floating slick partially or completely contained by a natural land
or ice boundary, or perhaps by a fire-resistant boom. The feasibility of
burning ofl spiiled under a broad range of environmental conditions has been
examined by many researchers (Buist et al., 1983; Nelson and Allen, 1982;
Energetex Engineering, 1981; Belicek and Overall, 1978; Pallister, 1978;
Greene et al., 1977; Schultz, 1976; Golden, 1974; McLeod and MclLeod, 1974;
McMinn and Golden, 1973). It is this full range of potential burn situations
that has been used in accomplishing the primary objective of this report;
namely, to assess the operational characteristics of several existing and
potential aerial ignition systems.

As will be described in Section 2, Igniter Performance Criteria, the
successful operation of an igniter on floating slicks presents many of the
most challenging operational requirements. Any ignition system that involves
an object dropped onto an o0il slick must produce a minimum of slick
disturbance while delivering sufficient heat to volatilize the o0il and then
ignite the resulting vapors. Whatever the ignition system is, it must have a
reasonable degree of success under a broad range of wind and sea conditions on
slicks that would normally be considered combustible.
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Research in the United States and Canada has repeatedly confirmed the
feasibility of burning both fresh and weathered oil slicks on water (Buist et
al., 1981; Industry Task Group, 1983). It is well known that combustion can
be sustained as long as the heat feedback from the flames is enough to
compensate for the heat loss to the water beneath the slick and provide the
heat required to produce sufficient vapors for the fire. As soon as the
burning layer of oil approaches a thickness of typically 1 to 3 mm (depending
primarily on the type and age of the 0il), excessive heat loss to the water
will cause the fire to go out.

Any ignition system is therefore dependent upon the availability of oil
sufficiently thick to support its sustained burning down to approximately 1 to
3 mm (or about 1710 in.). Even under arctic conditions, 0oil being burned
in-situ will normally have to be contained by natural barriers, wind-herded by
natural or artificial means, and/or prevented from spreading by fire-résistant
booms. Without containment, burn efficiencies of 50% to 60% or less may
result even when the initial oil layer is in excess of the minimum burn
thickness (Industry Task Group, 1983). With containment, however, 98% or more
of the oil may be eliminated.

The above operating constraints, together with the results of U.S. and
Canadian burn tests to date, have helped to focus the scope of this survey on
relatively few (though promising) ignition systems. The work of others has
been used wherever possible to help identify only those igniters that appear
worthy of continued assessment and possibly additional testing. Many
inquiries have been made to various military, industry, and government groups
to identify ignition systems that may not have been tested as oil igniters,
but which have some potential for spill control. This survey and analysis has
been conducted as a first phase of a much larger effort to identify and
construct some alternate ignition concept(s) that might prove more efficient
and less costly than those currently available,

The ignition systems selected for examination in this first phase of the
igniter development program include:



EPS Igniter. Initially designed by the Canadian Defence Research

Establishment, Valcartier (DREV), developed and tested by the
Environmental Protection Service (EPS) as part of the Arctic Marine
Oilspill Program (AMOP), and subsequently manufactured by ABA
Chemical Ltd. (now Astra Pyrotechnics Ltd.), in Guelph, Ontario,
Canada. The igniter is also known as the "PYROID" igniter, which is
currently manufactured and marketed by Astra Pyrotechnics Ltd.

Oome Igniter. Developed for Dome Petroleum Ltd, Calgary, Alberta,

Canada, by Energetex Engineering, Waterloo, Ontario, Canada. The
Dome igniter is currently manufactured by Energetex Engineering.

Laser Igniter, Tested and evaluated by Physical Sciences Inc.,

Andover, Massachusetts, under contract to Arctec Canada, Ltd., for
the Environmental Protection Service, Environment Canada.

Helitorch Ignition System. A proven aerial ignition system for

igniting forest slash, backfires on forest and range fires, and for
field burning. Having been used extensively throughout the U.S.,
Canada and other countries, the Helitorch is currently available
through the U.S. and Canadfan Forestry Services and various
suppliers (e.g., Simplex Manufacturing Co., Portland, Oregon).

Premo Aerial Ignition Device. Another commonly used ignition system

for controlled burning on land. The Premo Aerial Ignition Device
(AID), sometimes referred to as the "ping-pong ball" igniter, is
currently manufactured and marketed by Premo Plastics Engineering
Ltd., Victoria, B.C., Canada.
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2. IGNITER PERFORMANCE CRITERIA

The development of appropriate igniter performance criteria must reflect the
kinds of oil spill "targets" on which the igniters are intended for use. Such
targets might be single Targe spills that are relatively thick and continuous
(e.g., at a major tanker accident), or they might be a large number of
relatively small oil slicks spread over an extensive region. The latter case
might result from the uncontrolled movement of a continuous oil spill into a
moving broken ice field or beneath a moving solid ice cover over an extended
period of time. It is this scenario involving a subsea blowout in the Beaufort
Sea that has been of significant concern during several Canadian
investigations into the feasibility of in-situ burhing (Ross, 198l; Meikle,
1981). As the ice begins to melt in the spring, oil trapped in the ice would
migrate to the surface of the ice through brine channels and accumulate on
melt pools on the ice surface.

The potential for a major spill involving such widespread pools of oil is
highly unlikely; however, if such a spill event occurred in the Arctic, it
could require the release of many 100's to 1,000's of individual igniters.
For this reason, some of the most important considerations for an effective
igniter will involve the cost to manufacture and deploy the units, and the
speed and accuracy with which they can be placed in the oil. Based on
previous experimental tests with oil exposed during early breakup, it is quite
reasonable to assume that the majority of oil available for burning in melt
pools would exist in irregular pools typically 3 to 30 ft across on the
average. Depending upon many conditions at the time of the spill (e.g., oil
flow rate, amount of gas, ice condition and rate of movement, etc.), the
spacing between such exposed o0il pools could vary from only a few feet to a
few hundred feet.

Other areas of consideration for a practical and efficient aerial ignition
system must include safety, storage requirements, shelf life, durability,
simplicity of design and use, availability (and construction time), and most



of all, reliability. An aerial igniter must consistently survive the fall and
impact of a release from at least 30 to 50 ft altitude, land with minimal
disturbance of the surface slick, provide sufficient heat to volatilize the
0il nearby, and burn Tlong enough and hot enough to create a self-sustaining
flame over the o0il surrounding the igniter. Ideally, the heat then generated
from the burning oil at the igniter should be sufficient to promote flame
spread over the entire slick.

The type of flame produced during the initial volatilization and
vapor-ignition phase must be "soft.” That is, the flames must not be blown at
the oil/water surface causing the oil to move away from the igniter. A
gentle, though very hot heat source must be oriented with the surrounding oil
to minimize any disturbance of the slick while maximizing the transfer of heat
to the oil. If possible, the ignition system should provide some means of
isolating or protecting a portion of the oil from the effects of strong winds
that might otherwise separate the igniter from the oil being heated and/or
blow the initial flames compietely out.

The shape of an igniter is important as it relates to the accuracy of the
igniter's trajectory during freefall and as it influences the igniter's
ability to stay on target. Should the igniter be too light and have a large
cross-section, it may drift or be blown away too easily from its intended oil
pool. The shape of the igniter must also be considered in minimizing any
tendencies for the igniter to bounce or skip upon impact with a solid or
shallow-water substrate. Upon impact, the igniter should suffer little or no
damage, it should remain at or very close to its point of impact, and it
should be able to function effectively independent of its orientation.

An important safety requirement for an aerial igniter is the need to have its
starter (i.e., the "igniter" of the igniter) complete its function outside and
away from the aerial platform being used. There should be no gpen flame or
sparks produced within the aircraft. The starter mechanism should be
sufficiently protected or isolated from the igniter to ensure that no igniter
could possibly be activated prematurely. A1l handling of the igniter and its
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starter should also be simple with instructions clearly marked on the unit so
that relatively unskilled personnel could operate it safely.

In all cases (i.e., whether ignited prior to or after impact), the starter
should be capable of activating the igniter even if the starter has become
temporarily submerged or heavily doused with water. Once the igniter is fully
activated, any sea state that might put the igniter out would also very likely
prevent the formation of a combustible oil layer.

Other than the above economic and operational considerations, an acceptable
aerial ignition system should also present little, if any, environmental
concern. The igniter itself should be consumed in the resulting fire, or any
parts remaining after a burn should cause an insignificant impact on the
environment even when very large numbers are used. In addition, any igniter
that fails to ignite should be safe to handle during its recovery. This
inherent safety feature (following a misfire) could be related to the
igniter's failsafe design or its subsequent decomposition during exposure to
the environment.
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3. EXISTING OIL SPILL IGNITION SYSTEMS

Two systems (the EPS and Dome igniters) are currently considered viable
aff-the-shelf aerial igniters for use 1in burning o0il slicks with a
satisfactory Tevel of safety and reliability. The oil industry believes,
however, that these igniters can be improved operationaily and produced more
economically. A physical description of each igniter is presented in this
section, along with a discussion of the basic operational aspects of each
system. Similar descriptions are presented in Section 4 for the three
potential aerial igniters of oil (i.e., lasers, Helitorch, and Premo AID).
Following these descriptions, a summary evaluation is presented in Section 5
along with recommendations for the continuing test and evaluation of promising
new or improved concepts for igniting oil spills from the air.

The state-of-the-art in aerial igniter deployment concepts has been achieved
in large part from the efforts of government, o0il industry, and contractor
support groups located in Canada (Energetex Engineering, 1978; Dickins, 1979;
Meikle, 1981; Energetex Engineering, 1982; Twardawa and Couture, 1983). In
this development effort, numerous ignition systems were considered including
sodium-coated metal cylinders, sodium with gasoline, solid fuel and solid
propellants, Thermite, hypergols, and various conventional flares. In
addition, several starter concepts were also evaluated including chemical,
electrical, fuse wire, mechanical, and radio-activated. The advantages and
disadvantages of many of these concepts are summarized by Energetex
Engineering (1978). From these efforts, the EPS and Dome igniters surfaced
during the early 1980's as representative of what could be developed using the
best available technology.
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3.1 ENVIRONMENTAL PROTECTION SERVICE (EPS) IGNITER

3.1.1 Physical Description

The EPS igniter is an air-deployable pyrotechnic device developed by the
Environmental Protection Service, Environment Canada, in cooperation with
Defence Research Establishment, Valcartier (DREV) and the Arctic Marine
0i1spill Program (AMOP). The igniter (Figure 3-1) is approximately 10 inches
square and 5 inches high and weighs nearly 4 1/2 1b. The unit consists of a
pyrotechnic device sandwiched between two layers of flotation and activated by
a self-contained firing mechanism. It is intended to be a hand-thrown device
for the ignition of contained spills where in-situ combustion has been
approved and can be done without threat to personnel, equipment, and the
environment.

Initially manufactured by ABA Chemical Ltd.(now Astra Pyrotechnics Ltd.), the
EPS igniter has been marketed as the “PYROID" igniter. It is simple in design
and operation, being activated by pulling on a firing clip which in turn
strikes a primer cap. A 25-second delay column then provides sufficient time
to toss the igniter and let it settle within the target oil stick. A
specially formulated ring of fast-burning ignition composition is then
ignited, and this in turn ignites the primary incendiary composition. The
incendiary composition is basically a proven rocket motor propellant
consisting of typically 40% to 70% ammonium perchlorate, 10% to 30% metal fuel
(magnesium or aluminum), 14% to 22% binder, and small amounts of other
ingredients to aid in the casting and curing processes. These materials have
an estimated shelf life of about 5 years.

The firing mechanism and the incendiary materials are sandwiched between two
polystyrene pads to provide both buoyancy and protection for the device on
impact. A1l components except the firing mechanism are combustible, so that
very little debris is left in the environment after a burn. These components
have also been designed so that the igniter experiences a minimum of roll if
dropped onto a hard surface or shallow water, so that the igniter can float in
as little as 2 inches of water/oil, and so that the flame released will be
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oriented properly with the o0il regardiess of which side of the igniter is up.
The EPS igniter has been designed to prodﬁce a ring of fire with temperatures
approaching 2,3OOOC (4,1720F) immediately adjacent to the perimeter of the
igniter. This intense flame has a typical duration of about Z minutes.

3.1.2 Operational Considerations

As with any igniter concept, safety is of paramount concern. The EPS igniter
has been designed so that no open flames or sparks need be experienced aboard
the deployment aircraft. Once the igniter is activated, however, there is no
way to deactivate the igniter -- it must be removed from the aircraft before
the 25-second delay period is up. Prior to activation, there is very little
chance of an accidental firing because of the positioning of a safety pin in
the firing mechanism.

As with any pyrotechnic device, precautions must De taken during all storage
and handling to insure that the igniters are properly isolated from any
ignition sources and that they are properly packaged and housed in a secure
area. This area should be kept dry, and the packages should be labelled as
"fireworks." The EPS igniter has been identified under the United Nations
based system for classifying explosives as a Class 1 (explosives code within
the Dangerous Goods grouping), Oivision 3 (pyrotechnic device), Group G
material (Ross, 1984). The igniter has been designed to withstand a broad
range of temperature, humidity, and vibration conditions, including
temperatures as low as -58%F and as high as +122°F. Environmental test
procedures and results are presented by Twardawa and Couture (1983).

The EPS igniter was designed to provide a 75% probability of functioning
properly when dropped at an airspeed of about 15 kt from an altitude of
approximately 50 f¢t, Actual field tests indicate that a much higher
probability of success can be achieved during the first few years following
construction. As the 5-year shelf 1life is approached, the probability of
functioning properly begins to drop off. [t is therefore important that
stockpiled igniters be carefully dated and then reconstructed as their shelf
life expires. [t is anticipated that the cost of tearing down and replacing
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the pyrotechnic portion of the igniter will run about 25% of the original
purchase price. The purchase price is currently estimated at $80 to $100 U.S.
per igniter, excluding any transportation costs from the factory. The current
manufacturer of the EPS igniter is:

Astra Pyrotechnics Ltd.

P.0. Box 908

Guelph, Ontario, Canada N1H 6M6
(519) 822-2133

Training and actual field experience with the EPS igniter are important
because of the potential hazards of any misuse of the igniter. The operation
of the igniter itself, however, is quite straightforward, and only a few
minutes of instruction in its proper use are needed. The greatest difficulty
is in developing the skill to adequately time the activation and release of
the igniter for an accurate drop on a target slick. Practice will be required
for appropriate coordination between the pilot of the aircraft and the
individual(s) releasing the igniters.

As with any ignition system, care must be given to avoid wasting igniters on
films that could not support combustion with any number of igniters, no matter
how accurately they are placed. If an individual slick is targeted, it should
be at least large enough that there is a reasonable chance that the slick can
be hit and that the slick contains o0il at least a few tenths of an inch
thick. Air speed and altitude will have to be adjusted to provide optimum
viewing and igniter-release conditions, while avoiding any unnecessary
disturbance of the surface slicks.

The EPS (or PYROID) igniter represents a safe, compact and reasonably reliable
system for igniting isolated, contained oil slicks offshore. Recognizing the
cost per igniter and the number that can reasonably be released (typically 3
to 6 per minute and 50 to 100 per sortie), the overall success of an ignition
program with the EPS (or any other) igniter will depend on a number of factors
including the number of slicks to be ignited, their distance and spacing
offshore, the number of aircraft available, weather conditions, and the number
of igniters that can be made available on short notice.
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3.2 DOME IGNITER

3.2.1 Physical Description

The Dome Igniter is a lightweight, air-deployable pyrotechnic device developed
by Dome Petroleum Ltd., Calgary, Alberta, Canada, in cooperation with
Energetex Engineering, Waterloo, Ontario, Canada. The igniter (Figure 3-2)
measures approximately 12 by 7 by 4 1/4 inches and weighs a little over 1 1b.
The unit consists of a wire-mesh fuel basket with solid propellant and gelled
kerosene slabs suspended between two metal floats. Like the EPS igniter, the
Dome unit is intended as a hand-thrown device for the ignition of contained
spills where in-situ combustion of o0i1 has been approved and can be done
without threat to personnel, equipment, and the environment.

The Dome igniter is currently manufactured by Energetex Engineering'and has
come to be known in some regions of the U.S. and Canada as the Energetex
igniter or the "tin-can" igniter. It has gone through a few design changes
since it was first tested by Dome during the winter of 1979/1980. These
changes have involved the igniter's mode of activation and the way in which
certain components in its fuel basket are isolated from each other. In order
to avoid any need for open flame during activation, the fuse wire is now
started with a specially designed electric ignition system referred to as the
Energetex Engineering Ignition System (EEIS). Consisting of a 12-volt,
spill-proof battery with a gel electrolyte and a conveniently mounted heater
element, the EEIS can provide sufficient heat to activate the igniter's fuse
wire within 2 seconds of contact. Once started, the 10-inch-long fuse wire
provides about 45 seconds of delay for tossing the igniter and allowing it to
settTe within the target o0il slick.

The time-delay safety fuse then ignites a thermal igniter wire, which in turn
jgnites the solid propellant slabs located above and below the igniter wire,
The solid propellant burns intensely for about 10 seconds with temperatures in
excess of 3,700°F, During this initial burn, the gelled kerosene then
begins to burn producing temperatures of 2,200% to 2,400°F (Figure 3-3).
The total burn time for the igniter is about 10 minutes.
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