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EXECUTIVE SUMMARY

The onset of water-in-oil emulsion formation in an oil slick often signals the closing of the window
of opportunity for in-situ burning as a countermeasure. Water contents in excess of 25% in a stable
emulsion generally preclude ignition of the slick. A study of in-situ burning of water-in-oil emulsions
formed by weathered Alaska North Slope (ANS) crude oil has recently been completed by Alaska Clean
Seas. The study consisted of three phases: laboratory-scale burns in Ottawa in a 0.13 m? burn ring;
small-scale burns in Prudhoe Bay in 1.2 m? and 3.3 m? pans; and, meso-scale burns in a 69 m? circle
of 3M Fire Boom in a water-filled pit at Prudhoe Bay. The laboratory-scale tests showed that
conventional gelled fuel igniters could ignite stable, weathered ANS crude emulsions up to a water
content of 25%. The combination of adding an oilfield emulsion breaker, Petrolite EXO 0894, and the
use of gelled crude oil as an alternative igniter fuel, permitted ignition and efficient combustion of highly
weathered ANS emulsions with water contents of 65%, the maximum achievable. The small-scale pan
tests conducted in Prudhoe Bay proved the same: that with the application of EXO 0894 one hour prior
to ignition, normally unignitable emulsions of weathered ANS crude, up to 65% water content, could be
successfully ignited and efficiently burned. These tests were conducted outdoors at 0° to 5°C in winds
up to 32 km/hr. Tests with a Heli-torch suspended from a crane showed that a mixture of gelled gasoline
and crude oil was the most effective igniter for the emulsions. Attempts were made to ignite emulsion
slicks with gelled fuels containing the emulsion breaker, but this technique did not prove as effective as
pre-mixing the breaker into the slick. The small-scale tests also indicated that the emulsion burns
produced a lighter smoke than water-free crude oil. Three meso-scale experimental burns were carried
out: one involved approximately 13 m® (80 bbl) of fresh ANS crude as a baseline; one used about 8 m*
(50 bbl) of a stable 50% water-in-weathered crude emulsion; and, the final burn was done with 17 m®
(105 bbl) of stable 60% water content emulsion. The oil removal efficiency for the fresh crude oil burn
was approximately 98%. The oil removal efficiencies for the 50% and 60% water emulsions were 97%

and 96% respectively.
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1.0 INTRODUCTION

In recent years, the use of in-situ burning as an oil spill removal technique has been adapted from
ice-infested waters to open-water conditions. This has presented several challenges, including how to
quickly and effectively ignite and efficiently burn thin, mobile slicks that are significantly weathered.
The development of fire resistant containment booms has resulted in technology to address the problems
of oil spreading rapidly on open water to unignitable thicknesses and the collection and concentration of
dispersed slicks of oil for efficient removal by burning. The discovery that the Heli-torch, a simple and
effective forest firefighting tool, could ignite oil slicks using gelled gasoline permitted the stockpiling of
an inexpensive, rapidly deployable, FAA-approved aerial ignition system for responding to open-water
spills. Several offshore trials of in-situ burning using booms have demonstrated that the technique can

successfully remove high percentages of the contained oil.

Considerable research effort in the lab and in the field has gone into documenting the airborne
emissions from in-situ burning and its potential impacts on the water column. Many of these impacts
have been quantified and computer models to predict the transport and deposition of combustion gases

and soot have been developed.

One key problem that remains with in-situ burning of slicks on water is the formation of emulsions.
The formation of highly stable water-in-oil (W/O) emulsions prevents ignition and burning of the oil.
The presence of as little as 25% emulsified water in these oil slicks can preclude burning. Even if the
W/O emulsion is less than fully stable and thus burnable, the occurrence of water in the oil significantly

increases the heat required to ignite it.

The addition of chemical surfactants called emulsion breakers can enhance the burning of emulsions
by causing them to break and separate into oil and water. Heat from the ignition source can assist this

process.



1.1 OBJECTIVE

The objective of this study was to research the in-situ ignition and burning of emulsions of Alaska
North Slope crude using gelled fuel igniters and to prove the efficacy of using chemical emulsion breakers

as ignition and burn promoters.

1.2 GOALS

More specifically, this objective was met by carrying out three sequential series of tests: indoor
laboratory tests in May 1994; burns in small pans in July 1994; and meso-scale burns in a water-filled
pit in September 1994.

The goals of the laboratory test program were to investigate:

*  the burning on water of Alaska North Slope (ANS) crude oil and emulsions;

*  the capabilities and limitations of conventional Heli-torch fuels in igniting ANS water-in-oil
emulsions;

*  the effect of adding emulsion breaking chemicals, or demulsifiers, to enhance the ignition
of ANS water-in-oil emulsions;

*  the potential benefits to ignition of using alternative fuels with the Heli-torch; and

*  the potential advantages and disadvantages of adding emulsion breaking chemicals directly
to the Heli-torch fuel.

The goals of the subsequent pan burn tests were to:

*  test the ability of the Heli-torch to use of alternative gelled fuel mixtures;

*  determine the maximum ignitable water content of weathered ANS crude oil emulsions
outdoors in Arctic summer conditions;

*  determine the potential of emulsion breaker addition to enhance ANS crude emulsion
ignition and burning on water; and

*  determine the best method of applying the emulsion breaker to the slick for ignition.

And finally, the goals of the meso-scale burn tests were to:

-2 -



*  test the effectiveness of alternative igniter fuels, when applied by a Heli-torch carried
beneath a helicopter;

*  examine ignition of and flame spreading over large emulsion slicks treated with emulsion
breakers; and

*  determine the effects of increased scale on emulsion burning processes, rates and

efficiencies.

1.3 CONCURRENT PROJECTS

In conjunction with this research, two other projects were carried out concurrently to take advantage
of the opportunities afforded by the meso-scale burns. The first was a smoke-plume model ground-
truthing program carried out by the National Institute for Standards and Technology (NIST) and involving
scientists from the National Oceanic and Atmospheric Administration (NOAA) and the Environmental
Protection Agency (EPA). Atmospheric conditions were monitored for each meso-scale burn and smoke
particulates were measured both in the plume near-source and at ground stations placed downwind of the
burns. These data were used to validate models developed by NIST and NOAA. The NIST model output
was recently incorporated into the In-Situ Burning Guidelines adopted by the Alaska Regional Response
Team (ARRT). A report on the model ground-truthing program has been produced under separate cover

(reference).

The second concurrent project involved the production of a public education video and pamphlet on
in-situ burning. The purpose of this project was to disseminate unbiased information on the advantages
and disadvantages and capabilities and limitations of in-situ burning as an oil spill response option.

Copies of the public education video and written material may be obtained from Alaska Clean Seas.

1.4 REPORT CONTENTS

Chapter 2 of this report presents the background to the study, information on Alaskan oils, a brief
introduction to the use of in-situ burning in Alaska and the rationale for the project. Chapter 3 contains
a summary of the principles of in-situ burning of oil on water and a review of the current state-of-

knowledge on in-situ burning of emulsions.



Chapter 4 documents the equipment and techniques used in each of the three test series (laboratory,
small-scale and meso-scale). Descriptions of oil weathering, emulsification, burn test and gelled fuel
preparation procedures are included. Chapter S presents and discusses the results of each of the three
test series. The main body of the report ends with a listing of the conclusions and recommendation
arising from the study. Appendices are included that cover the safety aspects of the study, oil properties,

raw data and selected equipment specifications.



2.0 BACKGROUND

Emulsion formation in oil slicks on water is a naturally occurring process. Wave action mixes water
droplets into the oil slick: if the oil contains a sufficiently high concentration of natural surfactants
(primarily the heavy asphaltenes, resins, and waxes) they will stabilize the water droplets and prevent
their coalescence and settling out of the slick. These natural surfactants appear to form a skin around the
water droplets that prevents them from coalescing when they touch. After some weathering, in which
an oil loses its light ends, hence increasing the concentration of the asphaltenes and waxes, most crude
oils will reach the point where they can form stable emulsions. The water content of naturally occurring

emulsions can be as high as 90%.

The oils produced and transported on the North Slope of Alaska are no exception. The pipeline
blend (ANS crude) delivered by the Trans-Alaska Pipeline System will form emulsions after weathering.
This oil supplies over 10% of the domestic consumption of the United States and accounts for over 20%
of the U.S. domestic crude oil production. It is far and away the crude oil most commonly transported
in U.S. waters by tanker and dominates west coast crude oil shipments. Its primary destinations are
Washington State, California and the Gulf of Mexico via transshipment through a pipeline paralleling the

Panama Canal.

2.1 ALASKA NORTH SLOPE CRUDE SPILL EMULSIFICATION

Recently, a study of the spill-related physical properties of eight Alaskan crudes was completed (S.L.
Ross 1994). Two of the crude oils analyzed were samples of Alaska North Slope crude (one from Pump
Station 1 in Prudhoe Bay and one from the Valdez terminal at the southern end of the pipeline). The key
physical properties of the two are nearly identical, not surprisingly; the properties of the Pump Station
1 sample are reproduced in Table 1. It is a medium-gravity blended crude. The complete data set for

this crude may be found in Appendix 1.

Figure 1 shows the measured tendency of the sample to form water-in-oil emulsions in a shaker-type
test apparatus and the resulting emulsion’s stability as a function of the degree of evaporation of the oil.
The tendency of ANS crude to form emulsions at room temperature increases from medium to high as

the light ends of the oil evaporate. The stability of the emulsions formed at room temperature in the
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shaker apparatus remains low until the volume evaporated exceeds 20%. This behavior is consistent with
other worker’s recent research (Bobra and Callaghan 1990) and observations after the Exxon Valdez spill
(Allen 1991). The reason for this behavior may be that emulsion breaking chemicals added during
production in very low concentrations (10 to 100 ppm, depending on the types of chemicals and their
activity) to the individual crudes that constitute ANS crude remain with the oil and delay the onset of
stable emulsification. All samples of the individual crudes (some of them blends from fields themselves)
that make up ANS crude tested during the aforementioned study showed a high tendency to form stable

emulsions when fresh.

Figure 2 shows a computer model (S.L. Ross Oil Spill Model) prediction of the emulsion water
content over time of a hypothetical, 160 m* (1000 bbl) spill of ANS crude on cold water in a 7.5 m/s (15
knot) wind. The model predicts that the onset of emulsification is delayed for 32 hours; once the oil has
evaporated enough to form stable emulsions the process proceeds quickly with the maximum water

content (arbitrarily chosen as 75%) being reached in a further 8 hours.

2.2 IN-SITU BURNING IN ALASKA

In-situ burning has been an accepted option for spills in ice-infested waters in Alaska for many years
(Industry Task Group 1983) and has been actively supported by both industry and government agencies
in the State. Alaska was the first state to implement guidelines for the approval of in-situ burning
operations; this process has continued and the Alaska RRT is still in the forefront of the in-situ burning
pre-approval field. Most recently, the Alaska RRT has incorporated into the burn authorization process
the results of the NIST Large Eddy Simulation (LES) computer model used to predict smoke particulate

concentrations downwind of in-situ oil fires.

Response organizations in Alaska, including ACS, have responded by supporting the development,
testing and stockpiling of large amounts of equipment to support in-situ burning operations in open water,
such as Heli-torch systems, other serially-deployable igniters and fire-resistant boom. ACS alone
stockpiles 8 Heli-torches, 1500 hand-held igniters and 4200 m (14,000 ft) of fire-resistant boom.

The first ever use of in-situ burning of an oil slick contained in fire resistant boom was conducted

during the Exxon Valdez spill response in Alaska.
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2.3 PROJECT RATIONALE

With existing technology, there is a "window-of-opportunity” for in-situ burning of ANS crude oil
spills on open water of about a day or so, before the oil emuisifies to an unignitable state. Recent work
in Norway (Guenette et al. 1994) co-funded by ACS and others, identified two potential methods for
enhancing ignition of high water content emulsions: the application of chemical emulsion breakers to the
slick prior to ignition (the "pre-mixed" approach) and the addition of chemical emulsion breakers to the
gelled fuel mixture for the Heli-torch in an attempt to achieve emulsion separation and ignition in a one-

step process (the "enhanced igniter” approach).

The main reason for conducting the work reported here was to evaluate the effectiveness of these
"break-and-burn” ideas with Alaska North Slope crude. Another key reason for this study was to test
the effectiveness of these concepts at near-full scale, in Arctic open-water environmental conditions, using

the equipment that would normally be applied at a real spill.

The meso-scale test portion of the project also provided a unique opportunity to ground-truth the
computer model that the Alaskan RRT employs to authorize an in-situ burn. In addition, the meso-scale
tests provided an opportunity for representatives of industry, regulatory agencies and local North Slope

organizations to observe a large test burn.
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3.0 CURRENT STATE OF KNOWLEDGE

This chapter begins with a very brief overview of the processes involved with in-situ burning of a
water-free oil slick and then concludes with a detailed review of the state-of-the-art of burning emulsions

in-situ.

3.1 IN-SITU BURNING OF OIL SLICKS

The three necessary conditions for combustion are: fuel, oxygen (air) and an ignition source. In-situ
burning is a vapor phase phenomenon: it is the oil vapors that burn in the air, not the liquid itself. In
order to set an oil slick on fire the igniter must heat the oil to a temperature at which it generates enough
oil vapors in the air above the slick to support combustion. This critical temperature is called the Fire
Point. The minimum oil vapor concentration is termed the Lower Flammability Limit (LFL). Successful
ignition requires that the slick be thick enough to insulate itself from the underlying water thus allowing
the oil surface to heat up to the fire point. The minimum slick thickness required for igniting various
oils are: 1 mm for fresh crude; 3 to 5 mm for evaporated crudes and light diesels; and, up to 10 mm for
residual fuel oils. Once one part of the slick is ignited, the flames spread to the rest of the slick by two
processes: i) the surrounding oil is heated by the flames of the burning area, warms up and ignites; and,
ii) the hot oil under the ignited area physically spreads out over the surrounding cold oil. Wind can both
help and hinder flame spreading. It can help by bending the flames over and creating better downwind

radiant heating. It hinders flame spreading by diluting oil vapors above the slick to below the LFL.

Once ignited, the heat radiated back to the slick surface from the flames keeps the burning process
going by rapidly boiling off (or flashing) the upper surface layer of the oil slick (Figure 3). Only about
3% of the net heat of combustion radiates back to the slick to keep this process going. The burning slick
is consumed at a rate of about 3.5 mm/min by this process (for large, thick slicks: slicks > 10 m [30
ft] diameter and > 10 mm thick; smaller or thinner slicks burn more slowly). As the burn progresses,

a hot zone develops in the oil slick and moves closer to the oil/water interface.

Once the temperature at the oil/water interface reaches 100°C (212°F), the underlying water begins
to boil, quite violently. This causes droplets of oil to be thrown up into the flame where they evaporate
and provide additional fuel to the fire. This end portion of in-situ burning is termed the "vigorous burn

phase” and is evidenced by an increase in flame height and radiation. In situations where there is a

-11 -



Suruinq nyis-ur ui sassaooid 19Jsuen ssew pue jeay £33 £ aan3y




relative current between the burning oil slick and the water (such as burning in a fire boom under tow),
the vigorous burn phase may not occur because the heated water is constantly being replaced by cool
water. In all cases, as oil is consumed and the slick thins, the fire eventually goes out as more and more
heat is transferred from the oil into the water, resulting in the slick surface cooling down to below the

fire point. Normally 1 to S mm of residual oil remains after a burn.

3.2 IN-SITU BURNING OF WATER-IN-OIL EMULSIONS

The following has been adapted from Buist et al. (1994).

3.2.1  Past Work

Experiments on in-situ burning of emulsions have been conducted sporadically over the past 20 years
(Maybourn 1971, Energetex 1980, Hossain and Mackay 1981, Energetex 1981, Dome 1982, S.L. Ross
1989). In the last few years, the research has intensified and become more focused (Bech et al. 1992 and
1993, Cabioc’h 1993, Guenette et al. 1994 and NIST 1994).

In-situ burning of water-in-oil emulsions likely involves several different processes as compared to
the burning of unemulsified oils. The key differences relate to the heat and mass transfer processes

involved.

It has been postulated (Bech et al. 1992 and 1993, Guenette et al. 1994) that in-situ ignition and
burning of emulsions involves a two-step process: breaking of the emulsion to form a layer of
unemulsified oil laying on top of the emulsion slick; and subsequent combustion of this oil layer.
Cabioc’h (1993) confirms this theory. Rate controlling processes for this model of emulsion burning may
include: the rate of emulsion breaking; evaporation of emulsion water; and, heat conduction through the
emulsion slick. It is clear that emulsion stability at elevated temperatures plays a key role in defining

whether or not a particular emulsion slick is burnable.

The rate of oil removal by burning declines with increasing water content. Data from S.L. Ross
(1989) indicates that an increase in water content from 0 to 25% by volume reduces oil burn rates by 1/3
to 1/2 for oils that form stable emulsions. Increasing the water content further to 50% by volume further

reduces the oil removal rate by a total of 1/2 to 1 (i.e., no burning). A general "rule-of-thumb” appears

-13 -



to be that the rate of oil (not emulsion) removal by burning is proportional to the fraction of oil in the
emulsion. The data of Energetex (1980), Bech et al. (1992), Cabioc’h (1993) and Guenette et al. (1994)
support this general trend. The decrease in burning rate with increasing water content is accentuated by
evaporation of the oil. It should be noted that the in-situ burning of some oils that form emulsions does
not appear to be as greatly affected as noted above. Some researchers believe that perhaps high wax
content, low asphaltene content oils fall into this category (Energetex 1980, S.L. Ross 1989, Guenette
et al. 1994). The reason that emulsions of these oils are more burnable may relate to their instability at
elevated temperatures (below 100°C). It is theorized that although emulsions stable at elevated
temperatures can only burn as fast as the emulsified water is evaporated, emulsions that break
spontaneously at elevated temperatures can physically release water-free oil for burning, and thus allow

burning to proceed at a faster rate.

The results of S.L. Ross (1989), Bech et al. (1992), Bech et al. (1993), Cabioc’h (1993) and
Guenette et al. (1994) all show similar trends of:

® little effect on oil removal efficiency (i.e., residue thickness) for water contents up to about
25% by volume;

® a noticeable decreases in burn efficiency with water contents above 25%, the decrease
being more pronounced by weathering; and

® unburnable slicks of emulsion having water contents ranging from as low as 20 to 30% for
extremely weathered oils forming stable emulsions to as high as 70% for less weathered

oils forming less stable emulsions.

The burning of higher water content emulsions in-situ can involve vigorous burning (with its
characteristic droplet production and more violent burning) throughout the entire burn as opposed to only
just prior to extinction for water-free oil (Energetex 1980, S.L. Ross 1989). This relates to the
superheating and boiling of emulsion water from within the slick. The vigorous stage of burning, just
prior to extinction, also may be enhanced for emulsions; this possibly relates to enhanced heat transfer

through an emulsion slick as opposed to a pure oil slick.
The residue thickness remaining after an emulsion burn generally increases with increasing water

content, depending on the stability of the emulsion. The data of Energetex (1980) indicate little change

in residue thickness for oils not forming very stable emulsions; however, for oils that did form stable
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emulsions the residue was two to three times as thick as unemulsified slicks. The water content of the

residue was not reported.

Often, when burning emulsions, extinction is initiated by foaming action of the burning slick
(Energetex 1980, S.L. Ross 1989). The foaming if presumably associated with boiling of water, but its
origin and contributing factors are unclear. It is not unusual for a burning emulsion slick to foam over
one area of its surface while another is still burning; as the foam breaks, the extinguished surface is re-
ignited by adjacent flames. This process can result in sudden and rapid flare-ups of flame during an

emulsion burn.

Emulsion slick combustion, perhaps because of the more complex and likely delicate heat balance,
seems to be more sensitive to environmental conditions than unemulsified slicks. Bech et al. (1993)
report that regular wave action resulted in a considerable reduction in burn efficiency (from 80 to 50%)
for a weathered, 25% water emulsion. Waves did not have a similar effect on an unemulsified slick of
the same oil (removal efficiency = 90%). Energetex (1981) indicates that the burning of stable 50%

water emulsions of weathered crude was far more sensitive to wind effects than unemulsified oils.

The ignition of emulsions is more difficult than ignition of unemulsified oil; subsequent flame
spreading over emulsion is also slower. Energetex (1980) indicates that the fire point of water-in-oil
emulsions increased with increasing water content. Figure 4 shows that the fire point of fresh oils that
formed highly stable emulsions rises rapidly above 30% water; oils that form less stable emulsions have
less dramatic increases. Smith and Diaz (1980) and Guenette et al. (1994) also observed an increase in
fire point with emulsification. Many researchers (Energetex 1980, Hossain and Mackay 1981, Dome
1982, S.L. Ross 1989, Bech et al. 1992, Guenette et al. 1994) have noted that ignition of emulsions in-
situ becomes more difficult with increasing water content. Energetex (1980) noted that, for stable
emulsions with water contents in excess of 40%, a layer of fresh crude oil spread over the surface of the
emulsion was necessary for successful ignition. In essence, the added crude oil was acting as a flame
spread promoter. Other experience has shown ignition of emulsion slicks in ice melt pools could not be
accomplished with gasoline-soaked sorbents; diesel-soaked sorbents were required, as was priming the
slick with diesel (Dome 1982). S.L. Ross (1989) noted that, as water content increased, successively
stronger ignition sources were required (5 cm square gasoline-soaked sorbent, then a 10 cm square

gasoline-soaked sorbent pad, and finally a 2 mm layer of fresh crude oil).
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This trend was further explored by Bech et al. (1992) who ranked ignition sources in increasing
order of strength as: gelled gasoline, gelled diesel, gelled crude oil. They postulated that the success
of the stronger igniters rested with higher flame temperatures (and thus increased radiant heat). Cabioc’h
(1993) concluded that gelled diesel was an effective igniter for emulsions. Guenette et al. (1994)

concluded that gelled fresh crude was a better igniter for emulsions than gelled gasoline.

The maximum ignitable water content of an emulsion seems to be controlled by three factors:

® the degree of weathering of the parent oil (more evaporated emulsions are more difficult
to ignite);

® the stability of the emulsion at temperatures less than 100°C (Cabioc’h 1993 postulates that
high asphaltene emulsions are more difficult to ignite); and,

® the strength of the igniter.

The maximum ignitable water content for oils has ranged from 10% to 70% by volume, depending
on the above (Energetex 1980, S.L. Ross 1989, Bech et al. 1992, Cabioc’h 1993, Guenette et al. 1994).
Guenette et al. (1994) showed that emulsions with water contents as high as 50%, when herded into a

contained oil slick fire by current and wind action, would ignite and burn efficiently.

Not only are water-in-oil emulsions difficult to ignite, flame spreading over their surface is much
slower. Energetex (1980 and 1981), Hossain and Mackay (1981), Smith and Diaz (1987), S.L. Ross
(1989), Allen (1991), Bech et al. (1992) and Guenette et al. (1994) have all noted significant reductions
in flame spreading rates with increasing water content. This is likely due to a combination of the

following factors:

increased slick viscosity, slowing interfacial-tension-induced flow and flame spreading;
increased heat transfer by conduction through the emulsified slick;

increased flash/fire points of the emulsified slick; and

delays due to the need to break the emulsion and form a layer of water-free oil for the

flame to propagate across.

Bech et al. (1993) have noted that flame spreading over emulsions is very sensitive to wave action;

even regular, swell-type waves prevented ignition and flame spreading over heavily weathered, 25%
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water emulsions. Energetex (1981) concluded that flame spreading over emulsions is more sensitive to
wind influences than unemulsified oils. Bech et al. (1993) and Guenette et al. (1994) give the maximum

wind speed for burning emulsions as 36 km/hr (20 knots).

3.2.2 A Model for Emulsion Burning

A conceptual model for the processes involved in in-situ burning of emulsions has been developed.
The basic premise of this conceptual mode! of emulsion slick burning is based on that postulated by Bech
et al. 1992 and 1993. This is that, it is not the emulsion per se that burns, but rather it is a layer of oil

floating on the emulsion that supports the combustion.

This is illustrated in Figure 5. Heat radiated back to the slick from the flame must both: warm and
vaporize the surface oil layer; and, provide the energy for the production of an oil layer from the
underlying emulsion. The layer of oil can be generated in two ways: by boiling off the water contained
within the emulsion or by physically breaking the emulsion by heating. It is possible that both these
water removal processes are occurring simultaneously. If an emulsion that is very stable at temperatures
up to 100°C (the boiling point of water) is to burn, then boiling of the emulsion water would be the only
removal process and would be the rate-limiting process; if the emulsion is unstable and breaks easily at
elevated temperatures (less than 100°C) the rate at which oil creams out of the emulsion would be the
limiting rate (i.e.,the oil cannot vaporize and burn faster than the rate at which an oil layer is produced
from the breaking emulsion). Guenette et al. (1994) postulate that, because the viscosity of the
underlying slick is high, the water physically separating from the emulsion cannot settle out and they
conclude that the major water removal process is vaporization or boiling of the water. Evidence from
their laboratory tests, and from the tests in this study, suggests that the separated water may accumulated
interstitially within the slick until the bottom interface of the slick is fluid enough to allow the water to
pass through. It is the release of the oil to the surface of the slick that is crucial to sustained emulsion

burning; the water does not have to exit the slick immediately for this to happen.

Foaming of a burning emulsion may also be related to the water loss mechanism (boiling vs.
breaking), the rate of breaking and the presence of film-stabilizing chemical species in the oil. Foam is
created by the intense mixing of a gas and liquid. The liquid contains surface acting chemicals that

stabilize a thin film of liquid around the gas bubble. In the case of burning emulsions that foam, the gas
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is likely steam and the liquid is likely oil (it is probably not emulsion since the ambient temperatures

would quickly boil any water).

When the foam is generated it extinguishes the fire locally by either smothering, insulating the oil
layer or a combination of the two. After the foam breaks, if another area of the slick is still on fire, the
affected area can reignite and burn. The foaming process may be one whereby pure oil is delivered to

the surface at a faster rate than by slower boiling of the water out of the underlying emulsion.

323 Emulsion Breakers for Burnin

The use of emulsion breakers applied to slicks on water in order to reduce their water content has
been suggested in the past (e.g., S.L. Ross 1990, Lunel 1993). Guenette et al. (1994) conducted a large
number of small-scale tests and several medium-scale burns to study the use of chemical breakers for
water-in-oil emulsion burning. They screened a number of commercial emulsion breakers and selected
two, Alcopol 0 70% PG and Breaxit OEB-9 for trials in burn tests. Three crude oils were tested:
Statfjord, Avalon and Alaska North Slope. Unfortunately the samples of ANS obtained from a refinery
for that study were highly contaminated with a surfactant and would not form emulsions. The other oils
were weathered artificially and emulsified with seawater using a paint-mixing attachment for an electric
drill (for the laboratory tests) or a large gear pump (for the field tests). The laboratory tests showed that
the addition and mixing of an emulsion breaker in the slick prior to ignition allowed the successful
ignition of otherwise unburnable emulsions. The results also indicated that the application of a gelled fuel
igniter containing the emulsion breaker also promoted the ignition of emulsions. It was noted that this

latter technique seemed sensitive to the crude oil type.

Field tests confirmed that the addition of emulsion breaker to gelled igniter fuel enhanced flame

spreading rates over weathered Statfjord crude emulsion slicks.

4.0 EQUIPMENT AND METHODS

This section describes the equipment and procedures used to carry out the three experimental phases
of this study: laboratory tests, outdoor burn tests in water-filled pans and outdoor burn tests in a large
pit filled with water.
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4.1 LABORATORY-SCALE TESTING

The laboratory tests were carried out in the S.L. Ross laboratory in Ottawa.

4.1.1  Test Oils

The majority of the tests were conducted using Alaska North Slope crude oil obtained from Pump
Station Number 1 on the Trans-Alaska Pipeline System (TAPS). The only physical property test
performed was to check the oil/water interfacial tension of the crude to confirm that it had not been
highly dosed with surfactants. The measured interfacial tension of 20.2 mN/m confirmed that the sample
was relatively clean. The physical properties of a sample of ANS crude obtained from Pump Station

Number 1 some six months prior to the sample used for these tests can be found in Appendix 1.

Two laboratory-scale burn tests were conducted with Endicott crude oil emulsions. Endicott crude
is one of the constituents of ANS crude. It forms stable emulsions even when it is fresh. Complete

physical properties of Endicott crude may also be found in Appendix 1.

4.1.2 il Weathering

In order to conduct the tests with oils representative of what must be dealt with at a spill and to
determine the effects of evaporation on burning, samples of the ANS crude were artificially weathered
in the lab. This involved bubbling compressed air through three 25 L plastic pails each initially
containing 19 litres of ANS crude. Periodic measurements of the depth of the oil remaining in the pail
were taken to track the evaporative loss. The weathering was stopped in one pail when 10.3 volume %
of the ANS crude had been evaporated; the other two pails were sparged until 27.8 and 27.9% of the oil

had been evaporated.

The Endicott crude used in the tests was not evaporated.
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4.1.3 Emulsions-Formation_and Properties

4.1.3.1 Tendency and Stability Tests

A variation of a standardized emulsion formation test (Zagorski and Mackay 1982) was used to
determine the tendency of the fresh and weathered ANS crude oil to form emulsions at different
temperatures. The test also measured the stability of the resulting emulsion. The tests were performed
with fresh, 10.3% and 27.9% weathered ANS crude oil. To simulate cooler Arctic temperatures two
different methods were tried: in one, a Burrell wrist-action shaker was placed inside a refrigerator with
an ambient temperature range of 10°C to 15°C; the other had the arms of the shaker enclosed in an ice-
cooled styrofoam cooler apparatus with ambient temperatures ranging from 5°C to 8°C (Figure 6). The
35 ppt salt water and test oils were pre-cooled in a refrigerator to approximately 5°C. First, 200 mL of
cool salt water was poured into three separatory funnels. Then 20 mL of each of the test oils was gently
added from a 20 mL syringe into each funnel. To test the oils tendency to form an emulsion, the
following procedure was used. The initial oil layer height was recorded and then the shaker turned on.
After 30 minutes, the shaker was stopped and the funnels were allowed to settle for 5, 10, 20 and 30
minutes; the height of the oil and emulsion layers was measured after each interval. This data was used
to extrapolate back to determine the height of water-free oil immediately after stopping the shaker. This
was repeated two more times for a total of three cycles. The oil layer heights at time zero were
converted to a fraction of the oil originally in the emulsion by dividing by the initial height of oil added.
The fraction of oil in the emulsion at time zero (f) was then calculated as 1 minus the fraction not in the
emulsion. To determine the stability of the emulsion, the height of the oil and emulsion layers were
measured after 24 hours of settling. The fraction of the original oil in the emulsion after 24 hours (f,)
was calculated as described above.

4.1.3.2 Preparing Emulsions for Laboratory Burn Tests

Various mixing techniques were tried in order to create stable emulsions with the three weathered
oils in a 25 L bucket. The water used was 35 ppt (parts per thousand) salinity, and had been cooled in
a refrigerator to 5°C. The first attempts involved using an electric drill with a paint mixer attached. The
salt water was slowly poured into a bucket containing the oil. This method was found to be unacceptable
due to the length of time needed to make the emulsion and the small amount of emulsion that could be

made (one to two hours for a 1.5 L batch). Moreover, only low water content emulsions could be made
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Figure 6  Cooler apparatus for emulsion tendency and stability tests
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and the emulsions made with fresh and 10.3% weathered oil broke after 1 to 2 hours of settling. Next,
to help stabilize the emulsions, the 25 L bucket containing the oil was placed in a 100 L plastic pail
holding ice water. Even though this helped stabilize the emulsions mixed with the drill, it was only
temporary and the emulsions broke or inverted at moderate water contents, approximately 30 to 40%.
Finally, a 3/4" rotary gear pump was used to mix the emulsions in the 25 L bucket and ice/water bath

(Figure 7). The final procedure was as follows:

e a25L bucket of salt water was cooled to approximately 5°C in the refrigerator overnight;

e the required volume of oil was poured into an empty 25 L pail and then placed into a
ice/water mixture in a 100 L plastic pail;

e the paint mixer was immersed into the oil and the drill was started to mix the oil;

¢ the suction and discharge hoses of the gear pump were immersed into the oil and the pump
was started;

¢ the necessary volume of salt water was then slowly poured in, close to the suction hose of
the gear pump;

¢ the mixing was continued until the emuision appeared homogeneous; this took 5 to 10

minutes for 2 to 5 L batches of emulsion.

The vigorous mixing action and the high shear rate of the gear pump created tiny water droplets,
approximately 20 to 40 pm in diameter (estimated with an optical microscope). This technique was not
only more efficient than the drill/mixer technique but the emulsions produced were much more stable,
even at room temperature. Stable water contents as high as 60 to 65% by volume were achieved in
emulsions of both the 10.3% and 27.9% weathered oil. The higher water content emulsions made with
the fresh oil were still not fully stable and broke after 1 to 2 hours. It was observed that if water contents
exceeded 70% by volume the emulsion inverted, changing from a water-in-oil emulsion, to a multiple

emulsion-in-water emulsion.

4.1.4 Emuision Breaker Selection

Three commercial emulsion breakers were selected for testing. These were:

® ALCOPOL 0 70% PG, produced by Allied Colloid of Great Britain;
e BREAXIT OEB-9, produced by Exxon Chemical; and
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Figure 7  Laboratory emulsion mixing apparatus
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e EXO 0894, produced by Petrolite Corporation.

The first two are products designed for general oil spill use and were selected for this reason and
because they had been tested as ignition promoters in an earlier study (Guenette et al. 1994). The latter
product is one used on the North Slope in the production process to treat emulsions from wells. Product

specification and safety data sheets for these products may be found in Appendix 2.

4.1.5 Emulsion Breaker Testing

The effectiveness of the three chemical breakers with stable ANS emulsions was tested. The
procedures used were adapted from those proposed by Fingas et al. (1993) for a Burrell-Wrist Action
Shaker. Intotal, seven separatory funnels, each containing 200 mL of 35 ppt salt water, were used. The
test involved 20 mL of test emulsion placed in five of the funnels and 10 mL in the other two. The test
emulsion was 67% by volume salt water in the 27.9% weathered ANS. The emulsions had been created
with the gear pump as previously described in Section 4.1.3. Doses of the demulsifier ranging from
1:165 to 1:3300, demuisifier to oil (d/0), were added to the surface of the emulsion. The funnels were
then shaken for three hours in the ice-cooled chamber (see Figure 7) at ambient temperatures of 6°C to
8°C, then allowed to settle for 30 minutes. Visual measurements of the height of the oil/emulsion layer
were taken and samples of the oil/emulsion mixture were analyzed for water content. This analysis
involved extraction of the oil phase using toluene followed by a spectrophotometric determination of the
oil content (and thus, by subtraction the water content) of the emulsion. This analytical method has an
error of + 20 to 30%.

4.1.6 Emulsion Burn Testing

The burn tests were performed in a 400 mm diameter test ring, placed in a 1.2 m (4 foot) diameter
steel pan containing 320 mm of tap water (Figure 8). There were three sets of thermocouples installed
in the pan: one group of three to measure flame temperatures 40, 150 and 290 mm above the middle of
the containment ring; a second group of three that were movable and positioned prior to each test just
under the slick surface to monitor oil/emulsion temperatures; and, a third group of three with the highest
20 mm below the bottom of the slick to monitor water temperatures. The temperature data was logged
by a computer. Two mirrors, illuminated by a 150W floodlight, were placed on the bottom of the steel
pan and angled so that the bottom of the slick could be observed.
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Figure 8 Laboratory burn set-up
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To remove the smoke, a 200 m*/minute (7000 cfm) fan was used to draw air out of the lab through
a 600 mm flexible aluminum duct connected to a fume hood placed 1.45 m (5 feet) above the center of
the pan. To prevent a swirling effect induced near the fume hood, an "anti-tornado" device was
designed; this consisted of a piece of sheet metal 300 mm high which extended from the outside edge of

the containment ring to the outside of the outer steel pan.

Two video cameras recorded each burn. Both the initial mass and volume of the test oils or
emulsions were recorded, as well as the test emulsion’s water content and the air and the water
temperature. The burns were conducted using an initial oil or emulsion volume of 2500 mL (0.66
gallons), equivalent to a 20 mm initial thickness. Subsequent use of an initial volume of 1900 mL (0.5
gallon), or 15 mm initial thickness, became necessary in order to conserve the 28% weathered oil.
Results of earlier studies (Guenette et al. 1994, S.L. Ross 1989) show that there are no burn process
differences with this amount of thickness reduction other than a decrease in overall burn efficiency and
a shorter burn duration. One test, near the end of the series, used only 1500 mL (0.4 gallon) of

emulsion.

The test oil or emulsion was poured gently onto the water surface inside the burn ring. The
emulsion was then evenly spread out to cover the entire surface of the containment ring. The moveable
thermocouples were adjusted, both video cameras were started and the temperature data acquisition
program was initiated. Ignition for the baseline burns was then attempted in the following order: first,
a 25 cm? gas soaked sorbent pad was placed in the centre of the slick and lit with a propane torch; if this
failed to ignite the slick, a similar-sized pad soaked with fresh ANS crude oil was placed in the center
of the slick and lit with a propane torch. If this also failed to ignite the emulsion, 100 mL of fresh ANS
crude oil was spread over the slick surface (creating a layer about 0.8 mm thick) and lit with the torch;
if this attempt extinguished after about one minute (which is the approximately time to burn off the 100
mL of crude), then 200 mL of the same fresh crude was spread over the slick surface and ignited with
the torch. If this attempt failed to ignite the slick, then this emulsion and all water contents above this

were deemed unburnable.
For some tests, various gelled fuels were used as igniters. The fuels used were: gasoline, diesel,

fresh ANS crude oil and a 50/50 mixture of gasoline/diesel. The fuels were mixed with Surefire, a

commercial gelling agent, at a concentration of 17.5 g/L (8 1bs/55 gallons) by hand-shaking the mixture

=28 .-



in 500 mL glass jars. The desired volume of gelled fuel was weighed, then ladled onto the center of the

slick in the containment ring and lit with the propane torch.

As the burns progressed; the preheat time (the time taken for the flames to spread away from the
ignition source), the ignition time (the elapsed time for the flames to spread to the edge of the
containment ring), the time to intense burn (when the vigorous burn phase began), and the extinction time
(the elapsed time to when the last flame extinguished) were recorded. After each burn, the burn residue

was collected, weighted and stored.

The baseline burn test matrix consisted of 0%, 10.3% and 28% weathered ANS crude emulsified
with 0%, 12.5%, 25%, 40% and 60% by volume salt water. This series provided a reference for the

effects of evaporative loss and water content on the ignition and burning of ANS crude oil emulsions.

4.1.7 "Break and Burn" Testing

The application of emulsion breakers prior to ignition was tested with the 28% evaporated ANS
crude emulsions and fresh Endicott crude emulsions. The emulsions had otherwise unburnable water
contents. The procedures involved: adding the prescribed dosage of emulsion breaker dropwise to the
slick surface from a pipette; gently mixing the emulsion breaker into the slick using a 25 mm wide steel

ruler for 2 to 5 minutes; and, then applying the igniter as described in 4.1.6 above.

4.1.8 Enhanced Igniter Testing

For several test burns, the desired volume of emulsion breaker was added to the gelled fuel igniter
mixture. These "enhanced" igniters were then ladled onto the test slick and ignited with the propane
torch. If the ignition failed to produce an efficient burn, the residue was mixed gently with a 25 mm
wide steel ruler for 5 minutes, then ignited with another gelled fuel igniter that did not contain emulsion
breaker.

4.2 OUTDOOR TESTING IN PANS

In July 1994 a series of tests were carried out in Prudhoe Bay, AK to investigate the burning of

weathered ANS crude emulsions outdoors. Figure 9 shows the layout of the test site, located beside
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Alaska Clean Seas’ Annex warehouse on Spine Road in Prudhoe Bay. The major items of equipment
included a laboratory trailer, a burn tank, oil and seawater tanks, a decontamination and cleaning area,
a weather station and a boom truck. All of the test equipment was inside a roped-off area to control
access. All equipment used with oil was placed in a large plastic-lined berm (Figure 10). All appropriate
permits were obtained by Alaska Clean Seas prior to the tests.

4.2.1 Test Oil Weathering

Approximately 770 L (4.9 bbls) of fresh ANS crude oil was placed in an open-topped tank for
artificial weathering. Two 25 mm (1 inch) diameter pipes with 3 mm holes drilled on 25 mm centers
along their length were placed in the bottom of the tank and connected to a 14 m*/min (150 cfm) air
compressor. The tank was also fitted with a 25 mm (1 inch) air-powered gear pump which recirculated
the tank contents through a nozzle. The oil was sprayed against a plastic sheet which directed the oil
back into the tank. The open top of the tank was protected from the elements by an A-frame covered
with plastic sheet. The open ends of the A-frame were covered with a fabric mesh to prevent access to
the oil. Figure 11 shows a view of the oil weathering tank. The oil was simultaneously sparged and
sprayed until it had lost the desired volume to evaporation. The depth of oil remaining in the tank was

measured periodically to monitor progress.

4.2.2 Emulsion Formation

Emulsions of the weathered ANS crude and seawater (obtained from the nearby seawater treatment
plant that cleans Prudhoe Bay water for oil production injection flooding purposes) were emulsified using
the 25 mm (1 inch) gear pump (Figure 12). The required volume of weathered oil was measured into
a graduated 38 L (10 gallon) Nalgene container. The necessary volume of seawater was measured into
another container. The suction and discharge hoses connected to the gear pump were placed in the
bottom of the oil container and the pump was started. The oil recirculation rate was 25 L/min (7
gal/min). Seawater was drawn from its container into the pump through a hose connected to a valved
tee on the suction side. The flowrate of seawater was controlled to be less than one sixth the recirculation
rate of the pump, as recommended by Géseidnes 1993. For higher water content emulsions, as the water
content approached 50%, the water intake rate was reduced to prevent "water lubrication" or inversion

of the emulsion.

=31 -



Figure 10 Test Site equipment, including lined area for tests
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Figure 11 Oil weathering tank for pan tests
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Figure 12 Emulsifying oil and seawater for pan tests
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Once the desired water content had been reached the water valve was closed and the mixture
recirculated for 10 additional minutes of mixing. After this the lids were put on the containers and they
were moved to an electronic balance and weighed - the tare weights of the empty drums had been

determined earlier.

Samples of a 50% water content (by volume) emulsion and a 60% water emulsion were taken, placed
in 1 L glass bottles and stored. These were checked periodically over 72 hours for signs of emulsion
breaking. The samples were then stored in a refrigerator for approximately 60 days and examined again
for signs of breaking. Aliquots of these samples were sent to a BP lab on the North Slope and examined

under a microscope.

4.2.3 Test Site Equipment

The major pieces of burn test equipment involved in the study were (see Figures 9 and 10):

® a3.6mx 3.6mx 1.5mdeep steel tank into which the burn pans were placed -- they sat
on a metal frame that held them up near the upper lip of the tank to try to minimize wind
eddies;

* al.2x1.2mx 145 mm deep steel burn pan with a raised square lip the encompassed a
burn area of 1.1 m x 1.1 m (Figure 13);

* a24mx2.4mx 300 mm deep steel burn pan with a raised square lip then encompassed
an area of 1.8 m x 1.8 m (Figure 14);

® asupply of fresh water in a Fast tank;

* aportable data logging weather station with the anemometer at a height of 4.6 m (15 feet)
above ground level (Figure 15);

¢ a wind sock;

e a205L (55 gallon) Heli-torch;

* 3 boom truck with crane;

¢ a forklift with a person-basket for video and photography; and

® & laboratory trailer equipped with electronic balances, mixers, volumetric glassware and

plastic-ware and various sizes of sample jars.
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Figure 13 1.2m? burn pan
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Figure 14 3.3m? burn pan
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Figure 15 Portable weather station
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4.2.4 Gelled Fuel Preparation

A gelled fuel mixing area was set up inside the warehouse, equipped with porta-berm, plastic pails,
screens, stirrers and an air-powered hand drill fitted with a paint-stirrer (Figure 16). Small (8 to 19 L
or 2 to 5 gallon) batches of gelled fuel were mixed here for testing purposes. The fuels that were used
included:

®  gasoline;

®  automotive diesel fuel;

*  fresh ANS crude oil;

* 2 50/50 mix of gasoline and diesel;

* a50/50 mix of gasoline and crude; and

¢ 3 50/50 mix of diesel and crude.

The procedures followed in mixing the gelled fuels were:

¢ the required volume of the desired fuel(s) was measured into a plastic pail;

* the desired amount of Surefire gelling agent was weighed into a tared can;

¢ the gelling agent was poured through a screen (to prevent lumps of gelling agent falling
into the fuel) as the fuel was stirred (Figure 17);

¢ after all the gelling agent had been added, mixing continued until the fuel reached its final
consistency;

e then the fuel was poured into a Heli-torch drum (Figure 18) carried out, placed on and

connected to the Heli-torch frame.

With many of the new fuel mixtures (i.e., gas/crude) the appropriate dosage of gelling agent was
determined by trial and error. This involved adding gelling agent in 110 g (4 0z) increments, mixing and
then observing the consistency of the gel. The dosage was deemed to be appropriate when the gelled fuel
had a consistency similar to that of gasoline gelled with 3.1 kg of Surefire per drum (6.75 Ibs per drum)
@ 10°C (50°F), a consistency similar to that of Jello gelatin. Several batches of the alternative fuel

mixtures were produced with the emulsion breaker EXO 0894 mixed in.
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Figure 16 Mixer for gelled fuel preparation
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Figure 17 Adding gelling agent to fuel
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Figure 18 Pouring gelled fuel into Heli-torch drum
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4.2.5 Heli-torch_Static Tests

Several tests of the ability of the 205 L Heli-torch to light and deliver the alternate gelled fuels were
conducted. The Heli-torch was fitted with the standard 11 mm (7/16") nozzle. These tests involved
suspending the Heli-torch, with a crane, about 3 m above the smaller test pan (Figure 19) and operating
it from the ground. The burn pan contained only water for these tests. The characteristics of the stream
of gelled fuel, its impact with the water, the characteristics of the floating blob, ignition success, wind

speed and orientation to the wind were recorded for each test.

4.2.6 Emulsion Burning Tests

The procedures for each emulsion burn test were as follows:

The emulsion was poured into the water-filled pan over a spill plate that prevented the emulsion from
touching and sticking to the bottom of the shallow pan. The volume of oil used for each test was held
constant at 13 L (3.5 gallons) for each test in the 1.2 m? pan and 66 L (17.5 gallons) in the 3.3 m? pan.
The volume of emulsion used and the initial thickness of the slick created thus increased with increasing

water content. The burn tests started with a 12.5% water emulsion.

After the emulsion had been added to the pan, the wind speed was recorded (for some tests using
both a hand-held anemometer and the weather station) and the temperature of the water was recorded.
For the first three tests (without emulsion breaker) a baggie containing 500 mL (4 fluid ounces) of gelled
fuel was clamped to the wind shroud of the Heli-torch beside the propane lighter (Figure 20). This was
done to allow the accurate delivery of a known volume of igniter fuel to the test slick. The Heli-torch
was positioned 0.5 to 1 m above the upwind edge of the burn pan. When the propane lighter was fired
it melted the baggie and ignited the gelled fuel which fell onto the slick (Figure 21). It became clear that,
as the water content of the emulsions increased, additional igniters would be required and the ignition
procedure was changed. After the third test burn, a 500 mL ointment jar was used to ladle the gelled
fuel onto the surface of the slick (Figure 22). These gelled fuel blobs were then sequentially ignited with
a butane torch (Figure 23).
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Figure 19 Heli-torch static tests
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Figure 20 Baggie of gelled fuel clamped inside wind shroud of Heli-torch
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Figure 21 Gelled fuel ignited and released from baggie
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Figure 22 500 mL gelled fuel igniters added from ointment jar
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Figure 23 Igniting gelled fuel with butane torch
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For each burn test the following were recorded:

e  preheat time - the time since firing the igniters required for flames to begin to spread away
from the burning gelled fuel;

e  ignition time - the elapsed time required for the flames to cover the entire pan surface;

e  vigorous burn time - the time for the water beneath the slick to boil causing higher flames,
greater flame radiation, oil droplets to be sprayed up from the slick and/or a hissing sound;

e  extinction time - the time for the flames to completely extinguish.

Each burn was videotaped, photographed from an elevated platform, and observed visually. After
each burn the residue was cooled by pumping fresh water into the annulus of the pan between the raised
lip and the outer wall (Figure 24). The warm water in the pan emptied over the edge of the pan into the
tank and was replaced by cool water. The residue was retained by the raised lip inside the pan.

Once cooled, the residue was collected with a shovel and placed in plastic bags (Figure 25). The
residue was then weighed to allow calculations of burn efficiency and rate. The burn efficiency was
calculated by comparing the weight of the residue with the weight of oil added initially in the emulsion.
The weight of oil added was estimated by multiplying the weight of the emulsion by the oil content of
the emulsion, corrected from volume fraction to mass fraction by using the density of the oil (Appendix
1) and that of seawater. The burn rate was calculated by dividing the volume of oil burned by the pan
area and the time from full flame coverage (ignition time) to extinction. In some tests the residue was
re-ignited after it had extinguished in order to determine the maximum-possible removal efficiency. In
these cases a steel "cookie-cutter” (Figure 26) was used to take a small sample of the residue from a
known area. The intermediate burn efficiency was estimated by calculating the weight of residue
remaining by multiplying the weight of residue collected from inside the cookie cutter by the ratio of the

pan and cookie cutter areas.

If emulsion breaker had been used during the test, the pan was emptied completely in order to ensure

that the water for each test was surfactant-free.
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Figure 24 Cooling water being added to small pan
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Figure 25 Residue collection
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Figure 26 "Cookie-cutter" for residue sampling
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4.2.7 Pre-Mixed Emulsion Breaker Testing

For many of the emulsion burn tests, EXO 0894 emulsion breaker was added to the slick prior to

ignition (or after an unsuccessful ignition of an untreated slick). The following procedure was used:

e for the 1.2 m? pan tests the desired volume of emulsion breaker (based approximately on
a chemical-to-emulsion ratio of 1:475 - the same as used in the laboratory burn tests) was
added dropwise by pipette to the slick. The pipette was moved over the slick to evenly
distribute the drops of emulsion breaker.

e for the 3.3 m? pan tests the EXO 0894 was placed in an empty graduated Windex bottle
and weighed. The chemical was sprayed over the surface of the slick until it was estimated
that the desired volume had been applied. The exact amount of emulsion breaker added
was determined by re-weighing the bottle.

e  after the emulsion breaker had been added, it was mixed into the slick with a 25 mm (1
inch) wide stick for 10 to 15 minutes. Care was taken to thoroughly mix the entire surface
and depth of the slick.

e the slick was then allowed to sit for one hour prior to the first ignition attempt.

4.2.8 Enhanced Igniter Testing

In one test, the gelled fuel igniters were prepared with the required dose of EXO 0894 emulsion
breaker already mixed in. These were ladled onto the slick and ignited in the usual manner. After
extinction of the fire, it was clear that a significant amount of emulsified residue remained. The residue

was gently mixed, then allowed to sit for 90 minutes and re-ignited with chemical-free gelled fuel.

4.3 MESO-SCALE TESTING

In September, 1994 another series of burn tests were carried out in Prudhoe Bay, AK. This series
of three tests involved significant volumes of emulsions and was carried out in a pit filled with fresh
water. This pit was located on Arco Alaska’s Fire Training Ground. Figure 27 shows the layout of the

site. All appropriate permits were obtained by Alaska Clean Seas.
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4.3.1 Test Oil Weathering

Approximately 13.1 m> (83 bbls) of fresh ANS crude oil was placed inthe 3.6 mx 3.6 mx 1.5 m
deep tank used in the previous tests. Two 3.3 m (11 foot) pipes with 3 mm holes drilled on 25 mm (1
inch) centers were placed 1.8 m (6 feet) apart in the bottom of the tank and connected to a 14 m3/min
(150 cfm) air compressor. A 25 mm (1 inch) gear pump was used to pump the oil through a nozzle and
spray it against a plastic sheet that directed the oil back into the tank. The tank was covered with an "A-
frame" of plastic sheeting to protect the oil from the elements (Figure 28). The ends of the "A" were
enclosed in a fabric netting to prevent access to the oil. The tank was fitted with steam tracing lines.
As the air temperature dropped, steam from a portable generator was used to heat the oil and increase

its evaporation rate.

4.3.2 Emulsion Formation and Properties

Batches of emulsion were mixed using a vacuum truck with a pump plumbed to draw oil from the
bottom of the tank and return it to the top (Figure 29). This was 75 mm (3 inch) gear pump
manufactured by Bowie Industries capable of pumping 380 L/min (100 gpm) at 190 rpm and 880 L/min
(230 gpm) at 400 rpm. A valved tee in the suction line led to a seawater suction hose. Emulsion mixing
was carried out at the ACS Annex Warehouse, remote from the burn pit area. The following procedures

were used:

e 250 m? (300 bbl) horizontal cylindrical steel tank was placed beside the weathered oil tank
and filled with seawater from the seawater treatment plant;

® the desired volume of weathered crude was sucked into the vacuum truck - the volume
taken was determined by measuring the depth of oil remaining in the square tank;

* the oil was recirculated in the vacuum truck with the gear pump;

® seawater was drawn into the pump at a rate less than one sixth the recirculation rate, as
specified by Gaseidnes (1993) - the rate was monitored by measuring the rate of fall of
water in a sight glass mounted on the end of the tank;

® once the desired volume of seawater had been added, the truck contents were recirculated
for an additional two hours;

®  just prior to delivery of the emulsion to the test site, the emulsion was recirculated for

another two hours;
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Figure 28 Oil weathering system for meso-scale tests
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Figure 29 Gear pump for mixing emulsions in vacuum truck
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® the truck was driven over a weigh scale on its way to and from the burn pit and the
difference in weights was used to determine the amount of emulsion used for each test;
e  samples of emulsions used were taken from the hose used to put the emulsion into the burn

pit and sent to BP’s laboratory for water content determinations.

For the 50% water content test, the emulsion was mixed cold and the vacuum truck was left outside
overnight. This resulted in an extremely viscous emulsion that severely taxed the vacuum truck’s pump
and would not drain quickly inside the tank to the suction of the pump. The oil for the subsequent 60%
water content test was warmed to about 25°C (77°F) prior to being sucked into the vacuum truck. The
seawater was not heated, but the vacuum truck was parked inside the warehouse overnight. The

temperature of this emulsion was 7°C (45°F) after it had been added to the pit.

433 Test Site and Equipment

The tests were conducted in a lined, bermed pit at the edge of ARCO’s Fire Training Ground. The

principal pieces of equipment located at this site were (see Figure 27 previous):

* a28mx20mx 1 m deep pit filled with fresh water;

¢ acircle of 3M 18-inch fire boom anchored and floating in the middle of the pit (Figure 30)
- the 30 m (100 foot) length of boom encompassed an area of 69.5 m? (760 ft) based on
two diameter measurements (at right angles) of 10.1 m (33.2 feet) and 8.6 m (28.4 feet);

¢ command, communications and decontamination trailers;

®  warm-up tents for visitors;

® trailers and tents for the smoke plume measurement program equipment and personnel;

®* anemometers and a wind sock;

® a gelled fuel mixing area;

*  a helicopter landing area; and,

¢ an MBB 105 helicopter for the Heli-torch and, a 206 L Jet Ranger helicopter and a Twin

Otter fixed wing aircraft for the smoke plume monitoring program.
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Figure 30 Fire boom in pit
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4.3.4 Gelled Fuel Preparation

The gelled fuels were mixed in 40 L (10 gallon) Nalgene drums at a site beside the helicopter
landing area (Figure 31). Batches of gelled fuel — 19 L (5 gallons) of 50/50 gasoline/crude oil and
75/25 gasoline/crude, and 38 L (10 gallons) of straight gasoline — were made using the following

procedures.

e the desired volumes of the fuels were measured into the Nalgene containers;

¢ the needed amount of Surefire gelling agent was weighed into a tin can;

¢ the gelling agent was placed into a kitchen flour sifter to prevent adding lumps to the fuel;

e as the gelling agent was sifted into the fuel, the mixture was stirred with a 25 mm (1 inch)
wide stick;

* mixing continued after the last of the gelling agent had been added until the fuel had set
to the desired consistency (i.e., Jello-like);

e the contents of the Nalgene container were then poured into the 205 L (55 gallon) Heli-
torch drum, mounted on the frame and the connections made to the helicopter (it proved
necessary to secure the electrical plug with duct tape so it would not pull free when
airborne);

¢ the operation of the pump and propane lighter were checked on the ground, prior to liftoff.

The first batch of gelled gas/crude was mixed in the 205 L (55 gallon) Heli-torch drum using its
built-in, hand-cranked mixer. Wind hampered the uniform addition of the gelling agent, and the gel

formed was lumpy on top and runny underneath because of poor mixing in the drum.

4.3.5 Heli-torch Aerial Performance Testing

Prior to the emulsion test burns, the Heli-torch was evaluated for its ability to light and deliver the
alternative fuel gels while being flown beneath a helicopter. This involved loading 7.5 L (2 gallon) test
batches of 50/50 gas/crude and 75/25 gas/crude into the Heli-torch; flying it over the empty pit;
activating the Heli-torch to release and light the alternative fuel; and, visually assessing the performance
of the alternative fuel on the water. Several runs were made at different air speeds and orientations to

the prevailing winds.
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4.3.6 Emulsion Burning Tests

Two emulsions were burned in the pit: 50% water and 60% water emulsions created with weathered
ANS crude. One burn of fresh, water-free ANS crude was also undertaken as a baseline for the smoke

plume sampling program. The following were the procedures followed:

® once a decision had been made to proceed with a burn, based on appropriate weather
conditions, the vacuum truck containing the emulsion (or fresh crude) was backed up to
the pit;

e the emulsion (or fresh crude) was pumped into the area contained by the circle of fire
boom using a gear pump and 100 mm (4 inch) diameter hose - the end of the hose was
placed inside the boomed area and supported there by persons dressed in appropriate
protective clothing (Figure 32);

® once the vacuum truck was empty, the hoses were disconnected and an emulsion (or fresh
crude) sample was obtained for subsequent analysis:

e the desired volume of EXO 0894 emulsion breaker (27 L - 7 gallons - based on a 1:475
demulsifier:emulsion ratio for 12.7 m* - 80 bbls - of emulsion) was sprayed from air-
pressurized garden sprayers onto the surface of the emulsion slick by persons on a man-
basket (Figure 33). This was moved over the slick to obtain as even a coverage as
possible;

¢ the emulsion breaker was mixed into the emulsion slick using canoe paddles for a period
of 30 minutes (longer than for the small-scale pan burns because of the much thicker slicks
contained in the pit);

¢ the emulsion slick was allowed to sit undisturbed for at least one hour;

e for one test - the 60% emulsion burn - the water and slick temperatures were measured;

® once the go-ahead was given, the slick was ignited - in the case of the 50% water emulsion
burn and the fresh crude burn this was accomplished using the Heli-torch loaded with 19
L (5 gallons) of a 75/25 gasoline/crude mixture gel and gelled gasoline respectively -
Figure 34;
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Figure 32 Pumping emulsion into fire-boomed area

-63 -



Figure 33 Spraying EXO 0894 onto emulsion slick
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Figure 34 Ignition with the Heli-torch
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e for the 60% emulsion burn, the ceiling and visibility were below VFR (Visual Flight
Rules) minimums and the helicopter could not be employed - in this case the gelled 75/25
gasoline crude mix was manually ladled onto the slick, using the man-basket to ensure
uniform coverage, and the slick was ignited using Dome hand-held igniters thrown onto
the slick from the upwind berm of the pit (Figure 35);

¢ the subsequent ignition, flame spread and burn were videotaped, photographed and
observed from several angles;

¢  the following times were recorded:

- preheat time (the time since ignition for flame to begin to spread from the gelled fuel
to the surrounding emulsion)

- ignition times (the times for flames to involve areas of 10%, 25%, 50% and the entire
slick area);

- the elapsed time to failure of the fire-boom;

- the time to the vigorous burn phase; and

- the extinction times (the times for the flames to die down to cover less than the fuil

boomed area, 50%, 25% and 10% of the boomed area, and to extinguish completely).

The time of occurrence of other phenomena were also recorded:

¢ once the fire had extinguished and the water had cooled, the residue was recovered
manually and with rakes and shovels and placed in plastic bags (Figure 36) for weighing
and samples taken for analysis;

e  after the first burn (the 50% emulsion), the fire boom was removed and replaced; after the
second burn the fire boom was reused - before it was filled with emulsion for the last test,
it was covered with plastic sheeting to restore its oil holding ability.

¢ the burn efficiency and rate were determined as described in 4.2.6 above. The area used
in the burn rate calculation was the area enclosed by the circle of boom multiplied by the
time averaged percent of the area on fire from full ignition to the beginning of the final

extinction to account for the leaking oil outside the boom that was on fire.
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Figure 35 Hand-held Dome igniters
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Figure 36 Residue Recovery

-68 -



5.0 RESULTS AND DISCUSSION

As with the previous section, this chapter is divided into three portions, each of which deals with

one of the experimental phases of the study.

5.1 LABORATORY TESTING

5.1.1. Alaska North Slope Oil Weathering

In order to conduct the laboratory tests with oils and emulsions that might be expected during a real
spill event, and to determine the effects of evaporation on ignition and burning, samples of ANS crude
were artificially weathered by sparging. The three batches of evaporated oils used for the tests were
sparged until they had lost 10.3%, 27.8% and 27.9% of their initial volume. Fresh ANS crude was also
used for some tests. In addition, Endicott crude, a major constituent of ANS crude was used in two burn
tests: it was not artificially evaporated. The physical properties of fresh and weathered ANS crude and
Endicott crude may be found in Appendix 1.

5.1.2 Alaska North Slope Crude Emulsification Tendency and Stability

It is known that ANS crude must evaporate to greater than about 15% loss by volume in order
to form stable emulsions at warm (15°C) temperatures (Bobra and Callaghan 1990, S.L. Ross 1994); at
freezing temperatures indications are that even fresh ANS crude will form stable emulsions (Bobra and
Callaghan 1990). Standardized emulsion formation tests (Zagorski and Mackay 1982) were conducted
with the fresh, 10.3% and 27.9% evaporated ANS crude samples at temperatures of 10°C to 15°C and
5to 8°C. All tests were conducted with 35 ppt (parts per thousand) saline water. The results are given
in Table 2 and Appendix 3. The data clearly illustrate that only the most evaporated oil would form a

stable emulsion in the test program.
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Table 2
ANS Crude Oil Emulsion Formation Tendency & Stability Test Results

Test Temperature Evaporative Loss
(°C) (volume %) fo* f.**
10 to 15 0 0 0
10 to 15 10.3 0 0
10 to 15 27.9 1 1
6.4 0 0 0
7.9 10.3 0 0
8.0 27.9 1 1

* a value of F; of 0 indicates no tendency to form an emulsion; a value of 1 indicates a strong
tendency

** a value of f,, of 0 indicates a highly unstable emulsion; a value of 1 indicates a highly stable
emulsion (after Zagorski and Mackay 1982)

The fresh Endicott crude formed stable emulsions at 15°C during identical tests in a previous study
(S.L. Ross 1994 - see Appendix 1).

5.1.3 Chemical Emulsion Breaker Screening Tests with Alaska North Slope Crude

Since the 27.9% weathered oil was the only oil that formed a stable emulsion, it was used for the

emulsion breaker screening test. A 67% salt water content emulsion was prepared with this oil.

The results of the emulsion breaker test are given in Table 3 and in Appendix 3. These are best
interpreted as a general trend since the accuracy of the test is estimated to be approximately + 20 to 30%
by Fingas and Fieldhouse 1994. The trend is that all three demulsifiers broke the emulsions equally well
in the apparatus. The EXO 0894 may have performed somewhat less effectively in this test than the other
two chemicals. All three chemicals were effective at dosages as low as one part chemical to 3300 parts

of oil - this dose was equivalent to about 1:1100 demulsifier to emulsion.
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Table 3

Emulsion Breaker Test Results

Emulsion: Water

Demulsifier:Oil

Average Water*

Demulsifier Ratio (vol:vol) Content (%vol)
Vol. Demulsifier (uL) Ratio D:O

Alcopol 1:10 0 0 66
40 1:165 Qe

20 1:330 0

8 1:825 0

4 1:1650 0

2 1:3300 0

1:20 10 1:330 12

2 1:1650 0

Breaxit 1:10 0 0 73
40 1:165 11

20 1:330 0

8 1:825 0

4 1:1650 0

2 1:3300 0

1:20 10 1:330 0

2 1:1650 52

EXO 0894 1:10 0 0 71
40 1:165 31

20 1:330 13

8 1:825 25

4 1:1650 24

2 1:3300 0

1:20 10 1:330 0

2 1:1650 0

*

ek

average of three analysis

negative values were assumed to be zero
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514 Baseline Ignition and Burning Tests with Alaska North Slope Crude Oil and Emulsions

Qil and Emulsions

The results of the baseline burns are given as the first 14 runs on Table 4. A typical burn is shown
on Figure 37. Temperature records for each burn may be found in Appendix 4. Ignition times of zero
were recorded on Table 4 for the following reasons: 1) the ignition was instantaneous (i.e., the flame
flashed over the slick); 2) the slick was unignitable with the sorbent igniters; 3) fresh oil was used to
ignite the slick. These burns provided a reference to the natural ignitability and burnabilty of fresh,
10.3% and 28% weathered ANS emulsions. Both the fresh and 10.3% weathered ANS emulsions were
successfully ignited at all water contents tested. The 28% weathered ANS test emulsions proved very
difficult to ignite, and if ignited, they burned poorly. At 40% water the 28% weathered ANS would not
ignite, even with the addition of 200 mL of fresh crude. Therefore this, and all water contents above

this, were deemed to be unburnable for the 28% evaporated crude.

The fresh ANS and 10.3% weathered emulsion burns exhibited a foaming action near the end of the
burn. The residue would begin to foam and then the foam would spread over the surface of the emulsion,
smothering the flames. Sometimes the flames would nearly extinguish, but the foam would recede and

the fire would flare back up again.

Midway through the burns with 40% and 60% water content emulsions of fresh and 10.3%
evaporated ANS crude, balls of salt water could be seen forming at the slick’s undersurface, detaching
and sinking in the fresh water in the pan. These salt water balls appeared to consist of 10 to 20 mm
diameter drops of water surrounded by a skin of oil or emulsion. Their appearance has been noted before
(Guenette et al. 1994) and is believed to be an indication of the emulsion breaking mechanism by which
the slick loses water (see Section 3.2). The production of these salt water balls from the bottom of a
burning emulsion slick may indicate that the emulsion is less than fully stable at elevated temperatures
(below 100°C).

Figure 38 shows the increase in ignition time as a function of water content for the three degrees of

evaporation (fresh, 10.3% and 28% loss). It is clear that, once the water content exceeds 25%, the

ignition time increases rapidly with water content. All the burns with the 28% evaporated ANS required
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Figure 37 Typical laboratory burn
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fresh crude as a primer to initiate combustion thus the ignition times for these are all recorded as zero.

The data in Figure 38 also show that ignition time increased with increasing degree of evaporation.

The oil removal efficiencies for the baseline runs are shown on Figure 39. The letters beside some
of the symbols indicate the igniters used. For example, the inverted open triangle symbol at 12.5% on
the absisca indicates that neither the gasoline-soaked nor the crude oil-soaked sorbent pad could ignite
the 12.5% water emulsion created with the 28% evaporated ANS. The inverted triangle directly above
at 50% on the ordinate indicates that a 100 mL primer layer of fresh crude did successfully initiate
combustion and that the burn removed 50% of the oil in the emulsion originally placed in the ring. It
should be noted that, in all cases of successful burns it was assumed that the residue remaining contained
no water. This was based on the visual appearance of the residue as a black, apparently water-free semi-
solid or viscous, tarry fluid. The oil removal efficiency was not a strong function of water content for
the fresh and 10% evaporated crude. This has been noted in other tests (S.L. Ross 1989, Guenette et
al. 1994) and is presumed to be related to the emulsions being less than fully stable at elevated
temperatures. The trend for the 28% evaporated emulsions is typical of fully stable emulsions: water

contents in excess of 25% prevent burning of the emulsions.

Figures 40a and 40b illustrate that removal efficiency also declined with increasing degree of

evaporation for all water contents. Higher water contents appear to accentuate the rate of decline.

Figure 41 shows the calculated baseline burn rate (in mm of oil per minute, excluding water) plotted
against water content. The burn rate appears not to be a function of the amount of water in the emulsion
for the fresh and 10% evaporated crudes. This has been reported before (Guenette et al. 1994) and is
believed to be due to less-than-fully stable emulsions. The decline in burn rate with increasing water
content for the 28% evaporated ANS is typical of oils that form fully stable emulsions (S.L. Ross 1989,
Guenette et al. 1994).

Figure 42 shows the effect of increased evaporation on burn rate at constant water content.

Increasing evaporation reduced the oil burn rate, as noted by Bech et al. (1992); the rate of decline does

not appear to be greatly affected by water content.
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It is apparent from the baseline burns that even at warmer temperatures in the 15°C to 20°C (60°F
to 70°F) range that ANS crude will weather to form emulsions that will be unburnable with presently

available technology.

5.1.5 Emulsion Breaker Screening Test Burns

Runs 14a, 15, 16 and 17 in Table 4 involved pre-mixing each of the three emulsion breakers into
a slick of 40% water emulsion made with 28% evaporated ANS crude. Each test involved the addition
of 4 mL of emulsion breaker (a 1:285 demulsifier:oil ratio or 1:475 demulsifier:emulsion ratio), mixing

with a stick, then ignition using the usual sequence.

The emulsion treated with Breaxit OEB-9 (Run 14a) required a primer layer of 100 mL of fresh
crude to achieve ignition. The flames were weak, the burn efficiency was low (44%) and the burn rate
was low (0.2 mm oil/minute). It was during this first emulsion breaker burn test that interfacial waves
and turbulence were observed beneath the slick during the burn. This occurred about 7 minutes into the

burn and may be indicative of the action of the emulsion breaker.

The next slick (Run 15) was treated with 4 mL of EXO 0894 and stirred for two minutes. This slick
also required priming with a 100 mL layer (about 1 mm) of fresh crude for the combustion to begin.
The resulting burn was strong with good flames; some foaming was observed near the end of the burn.
The oil removal efficiency was 55% and the burn rate was 0.53 mm/min. Again, interfacial turbulence

and waves were observed at the underside of the slick during this test.

The last screening test burn utilized 4 mL of Alcopol 0 70% PG emulsion breaker. In this test the
slick was mixed for five minutes after the chemical was applied. One hundred mL of fresh crude as a
primer was required to get the slick burning; it burned weakly for slightly more than three minutes, then
foamed out. The slick was allowed to cool for 10 minutes then it was re-ignited using 100 mL of fresh
crude primer. This time the burn lasted more than 14 minutes. During the second phases of this test,
the flames were quite intense. Overall, the oil removal efficiency was 70% - most of which could be
attributed to the re-ignition. The overall oil removal rate was 0.47 mm/minute. After the fire
extinguished the second time, the residue had circular holes in it exposing clear water. It is likely that
this phenomena was caused by the surfactant action of the emulsion breakers herding the oil. It appears

that not all of the emulsion breaker was consumed in the fire.
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Run 17 was undertaken to confirm the assessment that EXO 0894 was the best candidate for ANS
crude emulsions. It involved a repeat of Run 15 with five minutes mixing after dropwise application of
the emulsion breaker instead of two minutes. The first successful ignition (with 100 mL of fresh crude
as primer) resulted in a burn that lasted 10 minutes and was intense. It was extinguished by foaming.

The residue was allowed to cool for 10 minutes then was re-ignited.

The second burn lasted only 3% minutes. Overall the burn efficiency was 78% with a removal rate

of 0.62 mm oil/min.

The emulsion breaker EXO 0894 was selected for the remainder of the tests because it produced the
highest burn rates of the three chemicals tested, the highest burn efficiencies, and the strongest flames.
This appears to contradict the findings of the emulsion breaker screening tests in the shaker (see Section
5.1.3); however, it may have been the case that EXO 0894 worked best in low-energy emulsion breaker
applications whereas the other two worked best in higher-energy situations. The fact that EXO 0894
worked best on ANS crude was not surprising; it was custom-blended to break oilfield emulsions

encountered during production on the North Slope.
5.1.6 Pre-Mixed Emulsion Breaker Burn Tests

Runs 17, 18 and 21 involved testing the pre-mixed application of EXO 0894 to emulsions of 28%
evaporated ANS crude with increasing water contents (40%, 50% and 60% respectively). As can be seen
in Table 4 above, the emulsion breaker, added dropwise and mixed 5 minutes, proved effective in
allowing efficient burning of even the 60% water emulsion. In all cases 100 mL (approximately 85
grams) of crude (gelled for run 18) or gelled diesel fuel was required for ignition; strong flames were
generated by each burn. Run 23 involved incrementally increasing the dose of EXO 0894 pre-mixed into
the slick. Starting with a 28% evaporated ANS crude, 60% water emulsion the dosage of EXO 0894 was
increased stepwise from 1:2000 (demulsifier:oil); each application was followed by 5 minutes of mixing.
A 100 mL ball of gelled gasoline was used as an igniter for each run. It was not until the demulsifier
dosage reached 1:500 (demulsifier:oil) that a successful burn was achieved - for this water content this

was equivalent to a demulsifier:emulsion ratio of 1:1250.
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5.1.7 Enhanced Igniter Testing

For Runs 19, 20 and 22 the 4 mL of EXO 0894 was added to the gelled igniter fuel, rather than
being pre-mixed into the slick. The "enhanced" igniter was ladled onto the slick and lit with the propane
torch - no mixing action was provided prior to the first ignition attempt for each run. As can be seen
from Table 4 the first ignition attempt for each of the 40%, 50% and 60% water content emulsions of
28% evaporated ANS failed. After the "enhanced” igniter extinguished, the slick was allowed to sit for
10 minutes and a second, untreated igniter was applied. This successfully ignited the 40% water
emulsion but failed to ignite the 50% emulsion. Both the 50% and 60% emulsions required that the
residue of the "enhanced” igniter be mixed into the slick for several minutes and a second, untreated
igniter be applied before a successful burn could be ignited. The phenomenon of the flames dying back
then flaring again reappeared during some of the "enhanced" igniter tests: this behavior had not been
observed during the pre-mixed emulsion breaker test burns. It is possible that the less-than-perfect mixing

of the "enhanced" igniter residue into the remaining emulsion was responsible for this.

In order to see if "enhanced” igniters could promote burning of less stable emulsions, Runs 24 and
25 were conducted. These involved 60% and 70% water content emulsions of the 10.3% evaporated
ANS crude. The results (in Table 4) indicate that the burn efficiencies for the emulsions ignited with
“"enhanced” igniters were slightly higher than for untreated igniter (Run 11) but with slightly lower burn

rates.

The effect of adding EXO 0894 to the stable emulsions (28% evaporated) was to virtually eliminate
the detrimental effects of emulsification on burning. Table 5 compares the burn efficiencies and rates
achieved with EXO 0894 addition (either pre-mixed or added in an enhanced igniter, then mixed) with
the burn efficiency and rate for the unemulsified, 28% evaporated ANS crude (Run 3). Within the
accuracy of the rate and efficiency determinations, there is little or no difference. This supports the
theory that the burning of emulsions can proceed with physical removal of the water (as opposed to only
boiling) and that it is a layer of relatively water-free oil floating on top of the breaking emulsion that is

burning, not the emulsion itself.
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Table §
EXO 0894 Burn Rate and Burn Efficiency Comparison

Evaporative Water Content Initial Amt. Application Burn Rate Burn
Loss (% Volume) Volume Breaker Method (mm oil/min) Efficiency
(% Volume) (mm) {mL) (% Mass)

28 0 2500 0 n/a 0.7047 75.2

40 1900 4 pre-mixed 5 min 0.6228 78.0

50 1900 4 pre-mixed 5 min 0.7027 79.3

50 1900 4 in igniter, mixed 0.7126 84.5

50 1900 4 in igniter, mixed 0.7983 79.0

60 1900 4 pre-mixed 5 min 0.7303 73.4

60 1500 4 in igniter, mixed 0.8701 81.8

60 2500 1 pre-mixed 5 min 1.0158 86.5

5.1.8  Endicott Crude Oil Emulsions

Runs 26 and 27 in Table 4 were conducted with emulsions created with fresh Endicott crude oil
(which forms stable emulsions - Appendix 1). The 40% water emulsion was unignitable with a 100 mL
gelled gasoline igniter; the addition of 2 mL of EXO 0894 (1:1250 demulsifier:emulsion ratio) permitted
a strong burn, although the phenomenon of the flames dying out a flaring up again appear at the end of
this run. Pre-mixed addition of 4 mL of EXO 0894 in 2500 mL of 60% water-in-Endicott emulsion

resulted in a strong, efficient burn.

5.1.9 Gelled Fuel Igniter Recipe Tests

In the second set of burns a variety of gelled fuel igniters were created and their ignition capabilities
with ANS crude investigated. Four base fuels were used to create the igniters: unleaded gasoline,

automotive diesel, a 50/50 (vol/vol) mix of gasoline and diesel and fresh ANS crude.

The normal concentration of "Surefire" gelling agent (from Simplex Mfg., the producer of the Heli-
torch) used to produced gelled fuel was 17.5 g/L (8 1b/55 gallons - after Spiltec 1987). This quickly
produced an appropriate product when using gasoline; however, the gel time was longer when using

50/50 gasoline/diesel or diesel as the fuel. The viscosity of the resulting product and its viscoelasticity
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(a measure of its cohesiveness) appeared to decline as the base refined fuel became heavier. It was not
possible to produce a gelled fuel with fresh ANS crude with the normal concentration of "Surefire".
Dosages of nearly double the normal (i.e., 30 g/L or 14 1b/55 gallons) produced a somewhat gelled
product, but visibly much less viscous than the gelled refined fuels.

The addition of surfactant to the fuel during the gelling process reduced the effectiveness of the
"Surefire”. The chemical emulsion breaker EXO 0894 was added to the fuel first at the concentration
of 40 mL/L (4% = 2.3 gal/55 gallons) then 17.5 g/L of Surefire was added and mixed. The
concentration of EXO 0894 in the gelled fuel was based on delivering 4 mL of chemical in a 100 mL
blob of gelled fuel. The resultant refined fuel gels took longer to set and appeared to be less viscous and
viscoelastic than the untreated gels. The addition of EXO 0894 to fresh ANS crude appeared to render
it nearly ungellable even with 35 g/L (16 1b/55 gallons) of "Surefire" gelling agent.

Figures 43 through 46 show the temperatures (flame, igniter and beneath the igniter) measured for
gelled gasoline (napalm), 50/50 gas/diesel, diesel and, crude with EXO 0894. The volumes of gelled fuel
used were about twice that which would normally be produced as a blob by the Heli-torch (Spiltec 1987);
this was necessary in order to fill the burn ring and ensure consistent flame temperature measurements.
The 250 mL samples of each fuel were placed on the water surface inside the ring and then lit with a

propane torch.

The gasoline igniter (Figure 43), when first ignited, produced a high flame (1.5 m = 5 ft) that
declined over about one minute to 0.5 m (1.5 ft). Peak flame temperatures occurred initially and
achieved temperatures of 700 to 800°C (1300 to 1475°F). After one minute the flame temperatures had
declined and steadied at about 400 to 600°C (750 to 1100°F).

The gelled 50/50 gasoline/diesel igniter (Figure 44) initially produced a flame 1 m high (3.5 ft)
which declined to 0.5 m (1.5 ft) after about one minute. The maximum flame temperatures achieved
were about the same as for the gelled gasoline (700 to 800°C or 1300 to 1475°F) but these flame

temperatures were sustained over a longer period (2 minutes vs. 1 minute for the gelled gasoline).
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The gelled diesel igniter (Figure 45) was harder to light with the propane torch than the previous
two. Initial flame heights reached only 0.5 m (1.5 ft). Although a maximum flame temperature of
almost 800°C (1475°F) was achieved with this igniter, the average flame temperatures were lower than

for the previous two.

The treated gelled crude igniter (Figure 46) was easier to light with the propane torch than the gelled
diesel. It generated flames of 0.5 to 0.75 m (1.5 to 2 feet) high; a maximum flame temperature of about
800°C (1475°F) was achieved. Near the end of the burn the center of the igniter extinguished but the

edges continued to burn.

Table 6 compares the temperatures measured beneath the various igniters and their burn times.
These results indicate that the crude oil igniter put the most heat into the water beneath it; however the
igniters incorporating gasoline generated higher initial flames (and thus better radiant heating). It
appeared that the 50/50 gelled gas/diesel igniter was the best compromise, offering higher initial radiation
to its surroundings, a sustained burn of reasonable duration and moderate heat transfer rates to underlying
fluids.

Table 6
Igniter Burn Times and Subsurface Temperatures

Gelled Gas 50/50 Diesel ANS Crude
Gas/Diesel

Initial Avg. Water
Temperature (°C) 21 22 23 24
Max. Temperature in
Undersurface of
Igniter (°C) 72 111 127 152
Max. Temperature 5
mm Below Igniter
O 42 62 72 63
Max. Temperature 15
mm Below Igniter
°C) 28 29 34 38
Burn Times (min:sec)
full ring diameter 0:30 1:10 1:00 2:23
total 2:17 2:24 2:27 2:47
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5.1.10 Summary

The following key results were obtained from the laboratory tests:

¢  emulsions of fresh and 10% weathered ANS crude, up to the maximum achievable water
content of 60+ %, can be ignited and burned because they are not fully stable;

¢ the maximum burnable water content for stable emulsions of weathered (28% evaporated)
ANS crude emulsions is 25%;

e commercial emulsion breakers can effectively promote emulsion breaking and allow
burning of emulsions of heavily weathered (28% evaporated) ANS crude containing 60%
water;

e the most efficient of three chemicals tested was EXO 0894, a product used for production
purposes on the North Slope; the minimum effective dose was 1:500 breaker-to-oil;

e the most efficient chemical application method was pre-mixing the emulsion breaker into
the slick; the emulsion breaker could be mixed with the igniter fuel and applied
simultaneously but this was not as successful; and

e  gelled crude oil and a 50/50 mix of gasoline and diesel proved better in igniting emulsions
than gelled gasoline.

5.2 OUTDOOR TESTING IN PANS

5.2.1 Alaska North Slope Crude Weathering

Figure 47 shows the rate of evaporative loss of the 780 L of fresh ANS crude initially placed in the
artificial weathering tank. The raw data is contained in Appendix 5. Over a period of 12 days, 23.8%

of the original oil was evaporated.

5.2.2 Emulsion Stability and Properties

Samples of a 60% seawater-in-weathered crude emulsions were taken after 5, 10 and 15 minutes
mixing with the gear pump and placed in 1 L jars (Figure 48). After 24 hours at rest at 10°C there was
some visible water droplet coalescence in the 5 minute sample, but the 10 and 15 minute samples

remained homogeneous and stable. After 72 hours the 10 minute and 15 minute samples were still
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Figure 48 Sampling emulsion used for pan burns
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visually homogeneous and stable. The 10 minute sample (chosen because this was the mixing time

selected) was placed in a refrigerator for 60 days and remained stable throughout this time.

A sample of the 60% water emulsion was examined under a microscope. The emulsion was initially
packed tightly with water and was difficult to see through at first (Figure 49a), but appeared to consist
of a multiple emulsion of water droplets of about 1 um and less in size enclosed in drops up to 50 um
in size. The heat from the microscope light source encouraged the coalescence of the emulsion on the
slide. Figure 49b shows the larger coalesced water droplets: the smaller original drops are more visible

on this picture.

5.2.3 Heli-torch_Static Performance Tests

Ten tests of the ability of the Heli-torch to light and deliver 7.6 L (2 gallon) batches of various
alternative fuels were conducted. The various batches of fuel mixed are shown in Table 7. Each test
of the Heli-torch involved first, a short burst of unlit fuel dropped into the water-filled test pan to
examine the fuel’s shape and consistency; next, the propane lighter was engaged to ignite the gelled fuels

as they were emitted.

The 50/50 gasoline/diesel mixture gelled with 2.2% wt gelling agent (Batch #1 in Table 7) formed
a thin layer on the fresh water that spread to cover the water surface. The Heli-torch produced a solid
stream of gelled fuel that lit easily and burned as it fell (Figure 50). The winds were 5 to 10 km/hr.

The gasoline gelled with 2% by weight Surefire (7 1bs/55 gallons) also spread to cover most of the
pan with a thin layer of fuel and was visually more viscous than the gasoline/diesel. The Heli-torch
successfully fired the gasoline in a 10 km/hr wind producing a solid, burning stream of fuel falling into
the pan. The flames produced from the slick of gelled gasoline were much higher than for the gas/diesel

mixture.

The third test involved gelled diesel (Batch #4 in Table 7) which, when released unlit, produced a
large pancake 500 mm (20 inches) in diameter floating on the water. The propane igniter could not light
the gelled fuel stream in the 10 km/hr winds. The next test involved a 50/50 mix of gasoline and crude
oil (Batch #2) gelled with 4.9% gelling agent. This higher dosage was required to achieve the desired
fuel consistency with the gasoline/crude mixture. The unlit fuel produced a 500 x 750 mm puddle
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b) after heat from light had promoted coalescence

Figure 49Photomicrographs (600 x) of 60% water emulsion
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Figure S0 Heli-torch static test
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floating on the water in the pan. The Heli-torch successfully lit this mixture and produced a continuous
stream of burning fuel in 11 km/hr winds. The Heli-torch pumped the 7.57 L batch of fuel in a total of

23 seconds giving a flowrate of 20 L/min (5.3 gallons/minute).

The fifth test was a repeat of the third and involved gelled diesel (Batch #6). The wind was calm.
Although it took a while, the propane igniter finally lit the fuel as it passed. The sixth test involved
gelled crude (Batch #5 in Table 7). The unlit fuel formed a patch 750 mm x 400 mm floating in the
pan. The gelled crude proved difficult to ignite with the propane igniter. The next test utilized a 50/50
mixture of gelled crude and diesel (Batch #11). The unlit fuel falling from the Heli-torch formed a patch
750 mm x 750 mm that appeared runny. The mixture proved very difficult to ignite with the propane
lighter in the Heli-torch.

The eighth test involved a gas/diesel mix containing 300 mL of EXO 0894. The amount of gelling
agent required to gel this mixture initially was 2%; however, the gel broke overnight and this dosage had
to be tripled to finally achieve a reasonable consistency. The unlit fuel dropped from the Heli-torch
formed a 500 mm x 500 mm patch on the water in the pan. The propane lighter successfully ignited this
fuel and produced a continuously burning stream of fuel. The second-last test used employed gasoline
containing 300 mL of EXO 0894. Again, the gelled fuel broke overnight and required a triple-dose of
gelling agent to achieve a reasonable consistency. It formed a 500 mm x 500 mm patch when dropped
unlit and was easy to ignite with the propane igniter. The last igniter fuel was a 50/50 gasoline/crude
mixture containing 300 mL of EXO 0894 (Batch #9 on Table 7). It too required a triple dose of gelling
agent. It produced a patch 500 mm x 500 mm when discharged unlit and ignited easily in 8 to 10 km/hr

winds.

In preparing the gelled fuels for the emulsion burn tests, various recipes were tried (Batches 10
through 15). The best mixture, from the perspectives of ease of production, consistency, delivery and
ignition by the Heli-torch and ignition power was felt to be the 50/50 gasoline/crude mixture gelled (at
10°C = 50°F) with 45 g/L (21 1b/55 gallons = 5.5% wt) of Surefire. Screening out lumps in the

gelling agent during its addition was felt to be crucial to obtaining a good gel.
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5.2.4 Baseline and Pre-Mixed Pan Burns

Table 8 gives the results of the burn tests in both the 1.2 m? and 3.3 m? pans. Only Run 7 involved
a test of an enhanced igniter; this is discussed in the next section. The first two burns were undertaken
to determine the maximum ignitable water content for the 23.8% evaporated ANS crude. The first test
involved 15 L of 12.5% water emulsion with an initial thickness of 12.5 mm. It was successfully ignited
in 10 to 13 km/hr winds (measured at a height of 2 m) with gelled gas and burned (Figure 51) to remove
94.7% of the oil. The second test (15 mm of 25% water emulsion) could not be ignited in 10 km/hr
winds with a 500 mL batch of either gasoline, gasoline/diesel or gasoline/crude. The latter two igniters
nearly succeeded in lighting the slick. The addition of 27 mL of EXO 0894 (1:655 demulsifier:emulsion)
followed by 5 minutes of stirring then ignition with a 500 mL gasoline/crude fuel resulted in a successful,
efficient burn. The flames died out and flared up near the end of the burn and the characteristic holes
in the residue were observed indicating that some surfactant remained (Figure 52). The third test
involved 18 mm of 40% water emulsion treated with 27 mL of EXO 0894 (1:820 demulsifier:emulsifier)
and mixed for 5 minutes prior to the first ignition attempt. Neither one nor two 500 mL gelled gas/crude
igniters could get the emulsion slick burning, although the two igniters came close. Ignition was achieved
by priming the slick with 2 L (about 1.7 mm) of fresh crude. This burn did not produce much black
smoke near the end and was visually more affected by the 13 to 16 km/hr winds than either of the

previous two tests and generated a hissing sound. The characteristic holes in the residue were observed.

The fourth test was a repeat of the third. This time, however, 50 mL of EXO 0894 was pre-mixed
into the slick then four baggies, each containing 500 mL of gelled gas/crude, were placed on the oil and
ignited with the butane torch. The upper surface of the baggies burned away, but the under-surface
remained and retained the gelled fuel in small, thick patches. These burned for over 5 minutes but did
not ignite the emulsion. At this point the slick was remixed and allowed to sit for one hour. Four 500
mL gelled gasoline/crude igniters emptied onto the slick resulted in a successful, efficient burn in 14 to
15 km/hr winds.

The fifth test involved a 22 mm thick slick of 50% water emulsion. For the first ignition attempt,
50 mL of EXO 0894 was pre-mixed into the emulsion (1:530) and it was allowed to sit for 30 minutes.
The application of four 500 mL gelled gasoline/crude igniters did not ignite the emulsion. The emulsion
was left to sit for another 30 minutes, then another four 500 mL igniters were lit on the slick. These

succeeded in starting the emulsion burning. Although the wind, at 29 to 34 km/hr, seemed almost strong
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Figure 51 Burn of 12.5% water emulsion
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Figure 52 Reside herded by remaining surfactant after a burn in the 1.2m?

pan
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enough to blow out the fire, an efficient burn results. The sixth burn involved pre-mixing 70 mL of
emulsion breaker into a 28 mm thick slick of 60% water emulsion, waiting one hour, then igniting with

four 500 mL igniters of gelled gas/crude. A successful burn was started on the first attempt.

Runs 8, 9 and 10 took place in the 3.3 m? burn pan. Run 8 involved a 27 mm thick slick of 25%
water emulsion. This slick was treated with 185 mL of EXO 0894, mixed for 10 minutes and left to sit
for one hour. Despite the high winds (30 to 34 km/hr), four 500 mL gasoline/crude igniters placed in
a long along the upwind edge succeeded in initiating a successful burn. The winds buffeted the flames
and there seemed to be very little smoke from the fire (Figure 53). The flames died out and flared back
up once near the end of the burn. After the fire extinguished no holes were observed in the residue and
it appeared quite thick. A "cookie cutter" sample was taken (the first ignition resulted in an estimated
77% removal efficiency) and the residue was re-ignited. The residue was successfully re-ignited with
four 500 mL gelled gasoline/crude igniters in a 29 km/hr wind and burned for another 52 minutes. The

residue from this burn slowly sank as it cooled.

Test number 9, involving a 33 mm thickness of 40% water emulsion in the 3.3 m? pan extended over
two days. In the evening of the first day the slick was treated with 235 mL of EXO 0894, stirred for 10
minutes then left to sit for one hour. At the time of the first two ignition attempts the wind speeds were
39 km/hr gusting to 51 km/hr. The four 500 mL igniters failed to ignite the slick twice in succession.
The slick was left overnight in the hopes that the winds would die down. The next morning the slick had
gelled into a semi-solid mass in the freezing temperatures and 26 km/hr winds. Three litres of gelled
gas/crude mixture were poured onto the slick and ignited but this failed to get the emulsion burning.
Finally, eight litres of fresh crude were poured on the slick, to prime it, and ignited (Figure 54). This
initiated a burn that lasted 18 minutes. It was noted, once the fresh crude had burned off, that the fire
was not generating much smoke and the flames were much lower than when the crude was burning
(Figure 55). The flames seemed to dance from one portion of the slick to another and a significant
amount of steam was generated. After 13 minutes the flames increased in height and more smoke was
generated. The flames died out and then flared back up near the end of the burn. When the fire
extinguished the characteristic holes were apparent in the residue. In run 10, a 50 mm thickness of 60%
water emulsion was treated with 300 mL of emulsion breaker (1:500) and allowed to sit for one hour.
The first ignition attempt involved ten 400 mL gelled gas/crude igniters spread over the upwind half of
the slick. These failed to start the slick on fire. The residue of these igniters was mixed into the slick,

and 15 minutes later sixteen S00 mL igniters were spread over the entire surface of the slick. This
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Figure 53 25% water emulsion in 3.3m? pan
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Figure 54 Priming the 40% water emulsion in the 3.3m? pan
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Figure 55 Burning the 40% emulsion in the 3.3m? pan
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resulted in a successful burn. It appears that, at least up to 3.3 m? in area, in order to start the higher
water content emulsions the entire surface area needed to be covered with igniters. The minimum fire
area required for self-sustaining burns of oil slicks is about 1 m? (Bech et al. 1993); it appears that the

minimum fire area required for emulsions is greater than 3.3 m?, at least for ANS crude oil.

Another observation from the 3.3 m? pan tests was that the residue from the igniters with higher-
than-normal gelling agent concentrations tended to be a solid skin that appeared to block oil vapors from

reaching the combustion zone. This appeared to hinder ignition somewhat.

Run 11 was carried out in the 1.2 m? pan and involved a 32 mm thick slick of 65% water emulsion,
the maximum achievable. This emulsion was successfully burned with the premix application of 85 mL
of EXO 0894 (1:445) followed by a one hour wait. The wind speed was 5 to 8 km/hr. Again, the flame

was less smoky than a water-free crude oil burn.

Figure 56 shows the pan burn removal efficiency data. Figure 56a compares the Baseline runs in
the 1.2 m? pan using the 23% evaporated ANS crude with the results from the lab for the 10% and 28%

evaporated oil.

The trends are similar for the two fully stable emulsions (the 23% and the 28%). The fact that the
25% water emulsion of 28% weathered oil was ignited in the lab but the 23% evaporated oil was not
ignitable in the pan may relate to winds outdoors, cooler air temperatures or slick thickness differences
(20 mm in the lab vs 15 mm in the pan). The higher burn efficiency for the 12.5% emulsion outdoors

is likely due to wind herding and scale effects.

Figure 56b shows the effect of water content on the removal efficiency for the pan burns involving
emulsion breaker addition. The trends observed in the lab were also apparent in the pan tests: the
addition of emulsion breaker virtually eliminated the effect of emulsified water on the burn efficiency.
The differences in burn efficiency for the 25% and 40% water content emulsions between the 1.2 m? and
3.3 m? pans may relate more to wind speed than anything else. The winds during the 1.2 m? burns with
25% and 40% water ranged from 10 to 16 km/hr; for the equivalent 3.3 m? burns the winds were 26 to
34 km/hr. The wind speed during the burn with a 60% water content emulsion in the 3.3 m? pan was
8 to 11 km/hr; the equivalent burn in the 1.2 m? pan was conducted in 30 to 34 km/hr winds; however,

the smaller pan was more protected from wind effects in the tank, and this may explain the high burn
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Figure 56
Burn Efficiency vs. Emulsification
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efficiency for this run. Slick thickness is unlikely to be a factor in the differences between the 1.2 m?

and 3.3 m? tests; the initial slick thickness for the 3.3 m? burns was greater than for the 1.2 m? burns.

Figure 57 shows the oil removal rate data for the pan burns. Figure 57a compares the untreated
emulsion burn rates achieved in the 1.2 m? pan with those obtained in the lab with the 10% and 28%
evaporated ANS crude. The trends are similar. The higher burn rate in the 1.2 m? pan would have been
a function of scale (larger fires burn faster); the inability to ignite the 25% emulsion outdoors was likely

due to temperature and wind effects.

Figure 57b shows the results for the tests in the two pans when emulsion breaker was added. All
other things being equal, the 3.3 m? slick should burn faster than the 1.2 m? slick; it is clear that the high
winds during the 25% and 40% water content burns in the 3.3 m? pan affected the burn rate. The lower

burn rate would also account for the reduced amount of smoke produced by these burns.

5.2.5 Enhanced Igniter Test

Run 7 (see Table 8 above) involved placing four 500 mL gelled gasoline/crude igniters containing
a total of 50 mL of EXO 0894 (1:450 demulsifier:emulsion) on the surface of an 18 mm thick slick of

40% water content emulsion.

After the first ignition attempt failed, the residue remaining from the igniter was mixed into the slick
which was then left to sit for 1.5 hours. A second ignition attempt with four untreated 500 mL gelled
gasoline/crude igniters resulted in a moderately successful burn that removed an estimated 74% of the

oil. Considerable residue remained after this burn; it was successfully re-ignited.

No further tests were conducted on the enhanced igniter concept because, for the combination of
EXO 0894 and weathered ANS crude emulsions, it did not seem to offer as large an improvement as the
pre-mixed (or break-and-burn) approach. It is possible that different combinations of emulsion breaker
and emulsion would offer more promise for this technique. Certainly, the logistics of applying both the

emulsion breaker and igniter simultaneously with the same piece of equipment are attractive.
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Figure 57

Burn Rate vs. Emulsification
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5.2.6 Summary

The tests conducted outdoors on the North Slope in 1.2 and 3.3 m? pans with 23% evaporated ANS
crude showed that:

® a 50/50 mixture of gelled gasoline and fresh crude oil was the most effective Heli-torch
fuel for emulsion ignition;

¢ the maximum ignitable water content for 23 %-evaporated ANS emulsion outdoors was less
than 25%;

¢ pre-mixing EXO 0894 with emulsion at a dose rate of 1:475 then letting the surfactant
work for 1 hour, allowed ignition and efficient burning of a 65% water-in-oil emulsion of
23%-evaporated ANS crude - the 1 hour wait was crucial to successful ignition;

¢ compared with pre-mixing the emulsion breaker into the oil slick, adding the breaker to
the igniter fuel proved much less effective at igniting and promoting the burn;

® a much stronger ignition source was required to establish burning of emulsion slicks than
for oil slicks; the minimum fire size required appears to be greater than 3.3 m? for

emulsions;

* emulsion ignition and burning was possible at air temperatures as low as 0°C and in winds
up to 32 km/hr; winds in excess of 38 km/hr prevented ignition;

® re-ignition of naturally-extinguished burn residue was possible and resulted in higher
overall oil removal efficiencies;

*  visible smoke emissions seemed much lighter for the emulsion fires than for equivalent oil
fires; and

® very high oil removal efficiencies were obtained by treating emulsions with EXO 0894
before burning.

5.3 MESO-SCALE TESTING

This section presents and discusses the results of the meso-scale burn tests at Prudhoe Bay in
September, 1994,
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5.3.1 Alaska North Slope Crude Weathering

Figure 58 shows the progress of the artificial weathering of the 13.17 m? (82.8 bbls) of ANS crude
used for the emulsion burns. Up to September 4 only air sparging and spraying was used to evaporate
the oil; starting on September 4 the tank was heated using steam. The resulting increase in evaporation
rate is apparent. The sparging, spraying and heating were stopped on September 6. The apparent
increase in evaporation from the 6th to the 7th is due to the tank contents shrinking as they cooled back
down to ambient temperature. In future artificial evaporation work, the fluid temperature should be

measured when the tank soundings are made.

Overall, 17.4% of the oil’s volume was evaporated over a two-week period. The properties of

weathered ANS crude may be found in Appendix 1.

53.2 Emulsion Stability and Properties

Samples of the test emulsions (nominally 50% and 60% water) were stored in a refrigerator for 72
hours to determine their stability. Neither sample showed any signs of breaking. The samples were then
sent to BP’s Prudhoe Laboratory for water content analysis. The "50%" water emulsion had actual water

contents of 48%, 52% and 50%; the "60%" water emulsion had water contents of 58% and 58%.

The appearance of the 50% water emulsion, as it was pumped into the circle of fire boom prior to
the test, was that of an extremely viscous fluid. In contrast, the 60% water emulsion appeared much less
viscous and had a dark black color, probably because the oil was warm during mixing and the truck had
been kept indoors overnight. Normally, it is expected that emulsion viscosity at a given shear rate
increases with increasing water content. Comparison of the predicted viscosity of 20% evaporated ANS
crude at 1°C and 15°C (Appendix 1) reveals that it increases from 93 mPas (=cP) at 15°C to 470 mPas

(=cP) at 1°C. This would account for the visibly different consistency of the two emulsions.

5.3.3  Gelled Fuel Igniter Preparation

Three recipes for gelled fuel igniters were used: a 50/50 gasoline/crude mix; a 75/25 gasoline/crude
mix; and straight gasoline. The 50/50 gasoline/crude fuel was mixed and gelled outdoors in the 205 L
Heli-torch drum. At the 4°C (40°F) temperatures in 40 to 45 km/hr winds it took a concentration of
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approximately 62 g/L (28 lbs in 55 gallons) of Surefire to achieve a reasonable gel. Considerable
clumping and loss of gelling agent to the wind occurred. The mixing took several hours to complete as
the gelling agent was added in incremental amounts. Subsequent gelled fuel mixing was conducted inside

an open ISO shipping container for shelter from the wind.

A 38 L (10 gallon) batch of gelled gasoline was produced in one hour with a Surefire dosage of 13.5
g/L (6.2 1bs in 55 gallons). The cool temperatures slowed the gelling process, but did not seem to affect

the consistency of the end product, as compared to the batches mixed in July.

Several batches of 75/25 gasoline crude mixture were prepared in the Nalgene containers. The
Surefire dosage selected for this blend was 30 g/L. (13.75 lbs in 55 gallons). This produced a gel of
suitable consistency in 60 to 90 minutes in the cool conditions. All the gels produced did not appear to

change consistency over a period of several days.

534 Heli-torch Testing

Prior to conducting the emulsion burns the Heli-torch was flown over the empty pit and the viability
of the 50/50 gasoline/crude gel was tested. In the 40 to 45 km/hr winds present at the time, the propane
igniter would not light the fuel as it exited the Heli-torch, even with the helicopter flying downwind to
reduce the relative wind speed. Part of the problem appeared to be that the fully-loaded Heli-torch
oriented itself parallel to the line of flight, thus allowing the wind access to the propane igniter. The
shroud around the igniter was built to protect the propane igniter when the Heli-torch is flying in its
design orientation, perpendicular to the line of flight. Subsequent flights with the Heli-torch only 20%
full showed that this lesser weight did permit the Heli-torch to fly as designed. This problem has been
noted previously (Spiltec 1987) and an anti-pivot bar has been designed and successfully tested for the
Bell 212-series helicopters; a similar bar needs to be developed for other helicopter types that may be

used to fly a Heli-torch.

53.5 Emulsion Burn Tests

Table 9 summarizes the results of the three meso-scale burns, including a water-free fresh crude

burn.
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Table 9
Meso-Scale Burn Data Summary

Burn 1 Burn 2 Burn 3
Date 9/8/94 9/10/94 9/11/94
Temperature (°C) 3 1 3
Wind Speed (km/h) 26 28 11
Volume of Emulsion (m?) 7.7 12.2 16.6
Volume of Oil (m?®) 3.9 12.2 6.7
% QOil 50% 100% 40%
Degree of Oil Evaporation (%Vol) 17.4% 0% 17.4%
Volume of Water (m?) 4 0 10
Volume of EXO 0894 (L) 26.5 0 26.5
Ignition Time 0.5 min 2 min 3 min
Extinguishment Time 55min34s 43min42s 47 min22s
Estimated Oil Burn Rate (mm/min) 1 3.8 1.8
Weight of Slick (kg) 7536 10827 16364
Weight of Oil in Slick (kg) 3768 10827 6545
Weight of Burn Residue (kg) 103 170 212

Oil Removal Efficiency 97.3% 98.4% 96.7%



The first burn involved a 100 mm thick slick of 50% salt water emulsion created with the 17.4%
evaporated crude. Prior to ignition the 7.7 m® (48.5 bbls) of emulsion was sprayed with 26.5 L (7
gallons) of EXO 0894. It proved difficult to pump the cold emulsion breaker through the nozzle tip of
the garden sprayers. The solution was to remove the tip and apply a solid stream directly from the end

of the wand. This probably reduce the uniformity of coverage of the slick with chemical.

While the emulsion breaker was being added, the slick was gently stirred with canoe paddles. The

gentle stirring continued for 20 minutes after the breaker was added.

The slick was ignited approximately one hour after the mixing ceased. Ignition was accomplished
with 38 L (10 gallons) of gelled 75/25 gasoline/crude mixture dropped from a Heli-torch beneath the
helicopter. The igniter fuel lit easily, burned strongly as it fell and spread out over the surface of the
emulsion slick. The helicopter pilot covered nearly the entire slick area by moving the Heli-torch around.
The entire 69.5 m? surface of the slick was covered with flame 30 seconds after the Heli-torch was

emptied - the gelled fuel worked well in igniting the emulsion.

The wind speed at the time of this burn was 26 km/hr (14 knots) and the air temperature was 3°C
(38°F). Complete weather records from the nearby Prudhoe Bay airstrip may be found in Appendix 6.
The water temperature was near-freezing. Although it was not measured prior to this burn, the water

temperature prior to subsequent burns was 3°C (38°F).

The burn progressed well, with strong flames and full flame coverage (Figure 59). Flame
temperatures, measured with an optical pyrometer were 1100 to 1200°C after only 1 minute 30 seconds.
Flame heights were visually estimated at one fire diameter, about half what would be expected for a
water-free oil fire of equivalent diameter (Buist et al. 1994). After about 6 minutes, the flames began
to die down and some of the slick extinguished. After 7 minutes the flames were covering only 50% of
the surface. The flames spread out again to cover 75% of the slick but by 8 minutes 15 seconds only
the upwind edge of the slick in the lee of the boom was burning. Then the flames began to spread out

and, by 9 minutes 45 seconds, the entire slick area was on fire again, burning steadily.
This process repeated itself nine times over the course of the burn. The phenomenon was dubbed

"pulsing". Figure 60 shows a graph of the percentage of the contained slick area on fire as a function

of time. The pulsing nature of the fire is apparent (see also Figures 61 to 65 for the visual appearance
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Figure 59 50% water emulsion burn a few minutes after ignition
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Figure 61 50% water emulsion burn beginning to die out at start of pulsing
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Figure 62 Burn area reduced to 10% during first pulse
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Figure 63 Burn at minimum flame area
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Figure 64 Burn area growing
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Figure 65 Burn area returned to 100% - note oil loss from fire boom
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of the phenomenon). The behavior seemed to have a regular frequency during the middle stages of the
burn (Figure 60) with a period of approximately 3 minutes. There was no visual evidence of foaming
of the slick taking place, although a considerable amount of white vapor (presumably steam) was

generated by the unlit portions of the slick.

It is believed that the pulsing phenomenon was related to the balance between the rate at which the
fire consumed the oil floating on top of the emulsion and the rate at which the oil creamed out of the
emulsion to replenish the layer. When the rate at which oil was burned exceeded the rate at which it
creamed out of the emulsion, then, the layer of oil on top of the emulsion got thinner and eventually
cooled below its fire point (the underlying emulsion temperature cannot exceed 100°C) and the flames
extinguished. Meanwhile, the oil continued to cream out of the emulsion. This, with no flames present,
resulted in a growing layer of oil on the surface; once the layer of oil was thick enough it was re-ignited

by nearby flames.

It took some time after ignition for this phenomenon to begin. This was likely due to a layer of oil
from the emulsion breaking prior to ignition. This layer would have been thick enough (about 20 mm)
to burn for 7 minutes before dying back. The phenomenon stopped and a normal, steady burn occurred
for the last 15 minutes of the burn likely because the heating of the underlying slick had progressed
enough to accelerate the emulsion breaking process to the point where the rate of oil creaming equalled
or surpassed the rate of oil consumption by the fire. The last flames disappeared 55 minutes and 34

seconds after ignition.

As the residue cooled, some of it sank. The residue that sank formed a brittle solid that was
recovered from the bottom of the pit; the residue that remained afloat was in the form of a semi-solid tar.
The total weight of residue recovered was 103 kg. The oil removal efficiency was calculated as 97.3%:
the equivalent thickness of residue remaining would have been 1.5 mm. The average burn rate was
calculated as 1 mm/min; however, taking into account the pulsing, the burn rate at any given time the
slick was fully on fire was probably closer to 2 mm/min. This is still only half what would be expected
for this size of fire with water-free oil. Because of the wind herding the residue and its sinking, it was
not possible to see any holes in the floating residue that were characteristic of treated burns in the smaller

scale tests.

- 124 -



The next burn involved the ignition and burning of 12.2 m3 (78 bbl) of fresh ANS crude as a
baseline for the smoke plume monitoring study. Gelled gasoline dropped from the Heli-torch was used
to ignite the 175 mm thick slick. The slick was fully ablaze after 2 minutes. The wind speed was 28
km/hr (15 knots) and the air temperature was 1°C (34°F).

The burn progressed normally with no pulsing (Figure 66) with flame heights of about two to three
fire diameter, and much black smoke. Figure 67 shows the percentage of the contained slick area (69.5
m?) on fire as a function of time. The area exceeded 100% because, after 5 minutes, the fire boom began
to leak oil that caught fire. At the peak of the leakage, the ring of boom was surrounded by a 2 m wide
continuous band of burning oil (Figure 68). Some oil also collected against the downwind berm of the
pit and burned there. This burn extinguished more slowly than the first, with oil herded against the
downwind edge of the boom burning for 10 minutes before extinguishing (Figure 69).

As the residue from this burn cooled it sank. A total of 170 kg of residue was collected, equivalent
to a 2.5 mm thick layer. The oil removal efficiency was 98.4%. The overall oil removal rate, based
on the area on fire vs. time given in Figure 67, was 3.8 mm/min; almost exactly what would be expected
(3.5 mm/min - Buist et al. 1994). The temperature of the surface water in the pit after the burn was 5°C
to 7°C (41 to 45°F). At a depth of 0.6 m (2 ft) the temperature was still 3°C.

The final test involved 16.6 m® (104 bbls) of a 60% water emulsion. The slick was evenly sprayed
with 26.5 L (7 gallons) of warmed EXO 0894 which was vigorously stirred (Figure 70) into the slick for
30 minutes. The 240 mm thick slick was ignited by throwing hand-held igniters onto 38 L (10 gallons)
of gelled 75/25 gasoline/crude fuel mixture that had been poured on the upwind side of the slick. The
temperature of both the air and water prior to the burn was 3°C; the wind speed was near calm at the

beginning of the burn, increasing to 11 km/hr (6 knots) by the end.

The flames spread from the approximately 20 m? area covered by the gelled fuel to cover the entire
slick area in approximately 3 minutes. Initially the flames were low (one fire diameter or less) and
relatively luminous (Figure 71) but as the burn progressed the flames became higher and smoke obscured
them more (Figure 72). A flame temperature reading of 1200°C was obtained 19 minutes into the burn
on the upwind side, just above the boom. Figure 73 shows the area on fire during the course of the burn.

Percentages greater than 100 are due to burning oil escaping from the boom.
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Figure 66 Early stages of the crude oil burn
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Figure 68 Burning oil leaking from boom
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Figure 69 Oil herded by wind near end of crude oil burn
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Figure 70 Vigorous stirring of 60% water emulsion after EXO 0894

addition
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Figure 71 Appearance of flames and smoke near the beginning of the 60%

water emulsion burn
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Figure 72 Appearance of flames and smoke mid-way through the 60%
water emulsion burn - note boom completely surrounded by

burning oil
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After about 45 minutes the flames began to die down as the residue was herded against the
downwind edge of the boom (Figure 74). After 47 minutes and 22 seconds the flames extinguished.
Holes in the residue were noted similar to those observed after the pan burns. Again, as the residue
inside the boom cooled, it sank. In total 212 kg were recovered including the residue from the bottom
and surface inside the boom and from along the downwind edge of the pit. This equates to a 96.7% oil

removal efficiency. The equivalent thickness of residue in the boom would have been 3 mm.

The burn rate, taking into account the area on fire shown on Figure 73 was 1.8 mm/min.

No pulsing behavior was evident. The reason for this is probably related to the differences between
this burn and the 50% burn. The 50% emulsion was colder and more viscous than the 60%; the
application and mixing of the emulsion breaker was better for the 60% emulsion; the wind speed was
much higher for the 50% emulsion burn; and the 50% emulsion slick was thinner (110 mm vs. 240 mm).
The first three are the most likely reasons for the pulsing of the 50% emulsion but not the 60%. Higher
temperatures reduce the oil’s viscosity which hastens coalescence and settling of water droplets in the
emulsion. The poor application and mixing of the emulsion breaker in the 50% water emulsion hindered
its ability to promote emulsion breaking. The higher winds could have made the flames over the 50%

emulsion slick more fragile and also reduced heat transfer rates into the underlying emulsion.

5.3.6 Fire Boom Performance

This study was neither designed nor intended to evaluate the performance of fire resistant boom
materials. The selection of the 3M Fire Boom used during the meso-scale test burns was based on
availability and not on performance criteria. Due to the cost associated with possibly destroying the

boom, the oldest boom in the ACS inventory was purposely chosen.

During each meso-scale burn test, the oil or emulsion contained within the ring of fire resistant boom
began to escape approximately five minutes after ignition. The prime points of leakage were the vertical
stiffeners and boom connection points (Figure 75). For the first two burns, new sections of 3M 18 x 24
Fire Boom were anchored in the burn pit to contain the slick. After the second burn the boom was left
in place and polyethylene plastic sheeting draped over it to provide an oil proof barrier prior to ignition.

This too began to leak five minutes after ignition of the slick.
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Figure 74 60% water emulsion burn near end
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Figure 75 Vertical metal stabilizer on used fire-boom
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This problem of leakage has not been reported before, despite numerous test burns with the 3M Fire
Boom (Buist et al. 1994). It is possible that the leakage was not previously identified because of
differences in the way the 3M boom was tested. Most of the earlier tests of the boom involved burn
times as long or longer than the times here, but they may not have involved thick slicks. Most of the
previous tests involved the continuous pumping of oil into the boom as it burned. This maintained a

relatively small thickness in the boom at any given time.

The emulsion and crude burn tests in Prudhoe Bay involved slick thicknesses in the hundreds of
millimeters. This thickness condition was also achieved at the NOBE offshore burn tests (Fingas et al.
1994) where oil was herded against the back of a boom under tow. Observers onsite for the emulsion
burns, who had also been present at the NOBE burns, noted that a similar phenomenon, of oil leaking
through and burning on the backside of the boom, occurred at NOBE; however, the cause (leakage,

splash-over or entrainment) is uncertain.

The following is offered as a possible explanation for the leakage. A slick thickness of 175 mm of
crude oil with a density of 0.895 g/cm® would generate a head (the difference between the height of oil
inside the boom and the water level outside the boom) of oil of 18 mm (3/4 of an inch). Once the
protective orange cover on the boom burned off this head of oil may have been sufficient to force the oil
through the Nextel fire-resistant fabric. Previous tests may not have generated a sufficient head of
contained oil to cause the oil to penetrate the boom fabric. This also may explain why the boom stopped
leaking near the end of each test; by this time much of the slick had been burned and the head was greatly
reduced.

Another piece of evidence supports this theory. Flow through porous media is inversely proportional
to the fluid’s viscosity. In the meso-scale burn tests, the fresh crude appeared to escape containment

faster than either of the emulsions and was notably the least viscous of the fluids tested.

The boom used for this project was not one of the most recent models of 3M Fire Boom.
Modifications to the boom have been ongoing based on experience from continued boom testing. Sections
of the used boom were removed after the burn and sent to the manufacturer for further evaluation and

testing.
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5.3.7

Summary

The following conclusions were drawn from the meso-scale tests:

in order to work from a helicopter in flight, the gasoline content of the gelled igniter fuel
had to be increased to 75%; ‘

this mixture was an effective igniter for both the 50% and 60% emulsions of weathered

crude;

the minimum flame area required for sustained ignition of emulsions was less than about
20 m?, the estimated area covered by gelled fuel in the 60% test;

the addition of EXO 0894 permitted ignition and successful burning of stable water-in-oil

emulsions with up to 60% water in cold temperatures;

an even application of the emulsion breaker, thorough mixing, and an adequate settling

time are important to. effective emulsion burning;
the burn residue from thick slicks of ANS crude can sink in fresh water; and

improvements are needed to the 3M Fire Boom.

5.4 SCALING EFFECTS

In this section the results of the burns at the three different scales (laboratory-, pan- and meso-scale)

are compared and also contrasted with other researchers’ data.

Figure 76 compares the burn rate data from this study with the work of other researchers. It can

be seen that the data for the fresh crude fits the correlations and results of the others quite well. The data

for the treated 60% emulsions indicate that its burn rate was consistently less than that of fresh crude.

As the scale of the burns increased, the rate at which this emulsion burned increased less than for water-

free oil. This may be due to the mixing and action of emulsion breakers becoming less efficient with
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larger, thicker slicks. This would result in the emulsion breaking rate limiting the burn process. This
seems to be borne out by the data for the 50% emulsion; the meso-scale tests resulted in a lower average

oil burning rate than the pan tests did.

The consistently lower emulsion burning rates would also explain the reduced smoke emissions for

emulsion burns. With lower oil combustion rates, more air could mix more thoroughly with the fuel.

Table 10 compares the overall oil removal efficiencies achieved for the fresh crude and the treated
50% and 60% emulsions.

Table 10
COMPARISON OF OIL REMOVAL EFFICIENCY

Laboratory Tests Pan Tests Meso-scale Tests
1.2 m? 3.3 m?
fresh crude 89.2 - - 98.4
50% emulsion of 79.3 95.8 - 97.3
|weathered crude
60% emulsion of 73.4 96.4 98.0 96.7
weathered crude J'

Although it is not possible to directly compare the results across a row because each test had a
different initial thickness, it is clear that the treatment of the emulsion with EXO 0894 resuited in

consistently efficient burns.

Another important aspect of in-situ burning is the amount of residue remaining after extinction.
Figure 77 compares the equivalent residue thickness remaining after the three meso-scale burns with data
from other sources. It is clear that the meso-scale burns, particularly the fresh crude one, resulted in less
residue than expected. It is believed that this is due to the effects of wind herding of the residue near

the end of the burn; and, for the emulsion burns, the herding action of the chemical emulsion breaker.
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Figure 77
Comparison of Data Sets on

Residue Thickness as a Function of Initial Slick Thickness
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

1/

2/

3/

4/

5/

6/

7/

The following conclusions were drawn from this study:

The maximum ignitable water content for ANS crude oil evaporated to 17% volume loss or more

was between 12.5% and 25% emulsified seawater.

Commercial emulsion breakers were effective with heavily weathered ANS crude and allowed the
successful ignition and efficient burning of emulsions with water contents as high as 65%. The
North Slope oilfield emulsion breaker EXO 0894 worked best with ANS crude emulsions.

The most effective way of applying EXO 0894 was by pre-mixing it into the emulsion. The dose
rate used successfully was 1 part EXO 0894 to 475 parts of emulsion.

An even application of the emulsion breaker to the slick, thorough mixing, and a minimum 1 hour

settling time were required for effective emulsion burning.

A gelled mixture of 75% gasoline and 25% crude oil proved to be an effective Heli-torch fuel for
ignition of ANS crude oil emulsions. The dosage of Surefire gelling agent used to obtain adequate

gel properties in a reasonable time at near-freezing temperatures was 30 g/L (13.75 Ibs/55 gallons).

A much stronger, larger ignition source was required for emulsion slicks, compared to oil slicks.
The minimum fire area required for sustained burning of weathered ANS crude emulsions was
between 3.3 m? and 20 m? (4 yd? and 24 yd?).

Emulsion ignition was possible with air temperatures as low as 0°C (32°F) and water temperatures

as low as 1°C (34°F) in winds up to 32 km/hr (17 knots). Winds of 38 km/hr (20 knots) or greater

prevented ignition.
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8/

9/

10/

11/

12/

6.2

1)

2)

3)

Emuision slicks, both treated and untreated, burned oil at a slower rate than equivalent water-free
oil slicks. The rate of oil removal from emulsions by burning declined with increasing water content

and increased with fire diameter.

Treatment of an ANS crude oil emulsion slick with EXO 0894 prior to its ignition in-situ, resulted

in oil removal efficiencies as high as those obtained with equivalent water-free crude oil burns.

Re-ignition of naturally-extinguished burn residue was possible and resulted in higher overall oil
removal efficiencies. Natural wind herding of residue against a barrier and chemical herding of
residue by the remnants of emulsion breaker during the final phases of a burn contributed to high

overall oil removal efficiencies.

The burn residue from very efficient burns of ANS crude and emulsions can sink in fresh water.
The visible smoke emissions from emulsion burns seemed much lighter than from crude oil burns.
RECOMMENDATIONS

The following recommendations, presented in order of priority, arose from the study:

The next logical step in assessing whether "break and burn” is a viable spill response tool is to
conduct emulsion burning tests in waves. Not only is this important from the perspective of testing
the concept under realistic conditions, but it will also indicate whether or not additional mechanical

mixing of chemicals into contained emulsion slicks will be necessary for their effective use in the

real world. If extra mixing is required, this would involve additional R&D.

The efficacy of the "break and burn” technique should be assessed in the laboratory with other oils
and emulsion breakers. It is known that the efficacy of particular emulsion breakers is oil-
dependant. In order to ascertain the most effective chemical for in-situ burning of a specific

emulsion, small-scale burn tests will be needed.

Given that the above recommendations produce encouraging results, regulatory approval for the use

of emulsion breakers should be obtained.
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4) Given that the above three recommended programs are successful, it will be necessary to research
and develop systems for the application of emulsion breakers to contained slicks at sea (and perhaps
their mixing into the slick as noted in 1 above) and test the effectiveness of the system(s) at sea

under realistic conditions.

The following recommendations, though not directly related to the use of emulsion breakers, also

arose from the study:

a) The design of anti-pivot bars for the Heli-torch for various helicopters other than the Bell 212 should
be pursued.

b) The design of fire-resistant booms needs to be revisited. Existing and proposed fire-resistant boom

designs need to be tested in an environment that reasonably simulates conditions of actual use.
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APPENDIX 1

ANS and Endicott Crude Oil Properties
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APPENDIX 2

Emulsion Breaker Data Sheets






MA. ZRIAL SAFETY DATA §..EET

PAGE |
PETROLITE CONPORATION REVISION DATE: 11/30/93
369 MARSHALL AVE. ENEROENCY PHONBY 1-314-961-.35%00
8Y.L.OUIS MO 63119 U.8.RA CHEMTREC EMBER %0t 1-800-424.9300

CRPOUNER ARG AN RN O R R AR KR T YN IR AARANR AN BNNARACAAINAN RN RA SRR SRR AR TN ETIR A eR e AR R waRD
EECTION 1 PRODUCT IDBNTIFICATION

PRODUCT: EXO0894 TRADE NAME: EXP. PROD. LABEL: 1

{1F MAZARDOUS PER D.0.T, CFR TITLE 49)
SHIPPING NAME: Plammable liquid, n.o.s.

HAEARND CLABS: 3 ID#: UN1993

CHEVMICAL DESCRIPTION
HIGH MOLECULAR WEIGHT POLYALXYLENE OXIDES, OXYALKYLATED
ALKYLPHENOLIC FEOINS, AND POLYOXYALKYLENE GLYCOLS IN
AROMATIC HYDROCARBONE AND ISOPRUPANOL.

A RARENAN AR RP AR R PR AN R A PR PN AN RN AN AN DR RARE RN RN AN I VAN A NGO B ISR A TP A N PR NN S AWNRNRA
SECTION 2 HASARDOUS INGREDIENTS

A8 NUNBER MATERIAL ] BXPUSURE LINITS
64742-95.6 Light aroeatic naphtha 30-60 RECOMMENDSD: 25 ppm
00067-63-0 Isopropanol 5-10 ACGIH TLV: 400ppm TWA

OSHA PEL: 400ppm TWA
ACOGIH S8TBL: 500 pp

251585-30-0 Sodiun arylsulfonzte Mot Establiohad

Specific chemical identity of certain hazardous ingredientse
ie peing withheld for confidential buainess purposes.

KA RSN N O IO RSP A A E AR AN WA ARG AN F AN PR NP R AR ARNANR RN RN R AR AV E RN AR A SRS AR A AT O RN RBA PR RS

SECTION 3 PHYSICAL DATA

SPECIFIC GRAVITY(R3IO = 1.0€60 F): 0.936 VOLATILITY: High
VAPOR PRESBURE: Not Established S0L. IN WATER: Insoluble

APPEARANCE AND ODOR: Dark amber liquid. Aromatic oder.

EERAAA AN AN RN NANR PR R AR R AR RN AR NI T AN ROAE R RS ARG NN AN R AN T AN AN NANRN NS NN NN A bbb kS bbedbdon

SECTION 4 PFIRE ANU EXPLOSION HAZARD DATA
PLABH POINT: 74 F YLAMMABLE LIMITS: Nat Established
FLASH METROD;:

SPCC ASTH D=3824
#+4QONTINUBD ON PAGH: 2++v



MA. ZRIAL SAFETY DATA SEET

FAGE 2
* 4 »CONTINUATION OF EXQO8%94 ***

EXTINGUISHING MEDIA:
Use watar spray or £fog, alcobol-type foam, dry chemical
or €02.

FIRE PIGHTING PROCEDURRS:
Use a pelf-contained breathing apparatus with ful) facepiece
operated in presaure-degmnd or other positive pressure aode.
Flansable. OGool tire-expossd containere using water spray.

UNUSUAL FIRR AND EXPLOSION RASARDS:
Flammable liquid, vapors of which can form an ignitable
mixture with air. Vapors ¢an flow elong surfaces to distant
ignition souruss and flash back.

FARF RN TR E R AR AN AR S A AT AT AN NSRS PANS AT ERR R RARAR RV ERV RN R PR R ORI I AR AAANRAN S S e R AR AN AN
SECTIOR 5 HEALTH HAZARD DATA

RFFICYS OF OVEREXPOBURE:
INHALATION:
Chronic effects 0f repeated exposures to Righ concentrations
My include damage €0 kidneyn and liver.
Buposure Lo mlevetsd vapor conoantrations mdy result in eye,
nose and raspiratory irritation. Prolaenged coatact may
cause drowsiness, digginess and, in extreme cawes, narcosis.

JXIN AND NYE CONTACT:
Hay cause mild to moderacs skin irpltetion aml dermatitis
on prolonged and axtengive contact. Contaar with ayee way
cause modernte lrritation. Absorbtion through the skin may
exacerbata inhalation exposure leading to narcomis and, in
extrame casas, unconwcicusnesa.

INGESTION:
May be harmful {f swallowed. MNay caume headache, gastro-
intestinai disturbances, dizziness and & feeling of
intoxication.

EMSRGENCY AND FIRST AID PROCEDURKS:
Wash skin thoreughly witti soap and water., If rash oy
irritatlon develups, consult a physician. Launder clothiny
before reusn. If in oyea, irrigate with flowing water
itmediately amdl continucusly for fifteen minutes. Consult a
physician prumptly.
1€ inhaled, ramove to frash air. Mminketer oxygen if
necessary. Cconsult a physiclan Lf symptoma parsist or
SXPOBUL® Was Savare.
It lngeeted, induce vomiting. Never give anything by
nouth to an unconscious parson. Congult 8 physician
igavedintely.

**¢CONTINUAD ON PAGE:T 3t#4+
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PRGE J

e CONTANVATIOR OF EXOQ8Y4 *»*¢

*l*'llﬁ!'iii!.*’i*ii*itt'i'l!tt‘t*ltﬂl*t#i**i'ii'i*"ﬁt"ii'i'tuu*‘&ﬁ"qi*titnltlﬂttt

SECTION 6 REACTIVITY DATA

STABILITY :
dtablae undar normal conditionms of gtorage and use.
INCOMPATIDILITY :
Keep away from atxong oxidizing agents, heat and open
1lamas.

HASARDOUS DRCOMPOSITION PRODUCTH!
Mone Known.

BARARDOUR POLYMERIZATION:
Will not cocur.

HABAAR RN TN AR E U NN IR U R NI RARANARTENRNEACE R TS AUERANTIRARNRER AR LKA R CE AN DR RN R UM AP RS RN AR RA

SECTION 7 4&PILL AND LBAR PROCEDURES

Ir NATERIAL I5 SPILLED OR RXLEABED:
Small spill - Absork on paper, cloth or other material.
Large spill ~ Dike to pravent eontering any aewer or water-—
way. Treansfer liguid to a holding container. Cover residuc
with dirt, or suitabls chemical sdeorbent, TUse pereonal
protective oquliment as nedessary.

DISROHAAL, METHOD:
Place chemnical residues and contaminated adsorbent matarials
into a suitable waste container and taks to an approved
waste disposal sice, Disposs of all residues in accordance
with applicable waste management reguletions.

DECONTANINATION PROCEDURES:
Not appropriste.

AR ARN AR RN I T NP CRANE R NS SP SN G A AN PR RN AV RN R PR RN A AN E VT I TP ARA N RN DNV A AN R R AR AL ARAN N kR

SECTION & SPECIAL PROTECTION INPORMATION

RESPIRATORY PROTECTION)
Whan concentrations sxcesd tha exposure limita spocified,
usa nf a RIOSH-approved orzganic vapor cartridgs respirator
is recommended. Where the protection factor of the
respirator may be excesded, use 0f a gelf-containaed
breathing unit may be necessary.

VERTILATION:
genaral vantilation shonld he provided to maintain ambient
concentracions below nuisance lavels. Local ventllation of
snission acurcas may be necessary to maintain amblent
concentrations below recommended exposure limits.
e tCONTINURD ON PRAGE: 4r=w



MA) _RIAL SAFETY DATA S:.cET

PAGE 4
* 4 "OONTIRUATION OF EXOOB94 »+*

PROTRCTIVE CLOTEING:
Chemical-resietant gloves and chemical goggles should be
ugsed to prevent Skin and eye oontact.

AN AUARNA RN R AR NS PN P RN RN T AN AANRA AN R AN RS RN RN ARSI N N AN NN R RN RAR AN R RR AR CSTFARAAR KA RN I IR

SECTION 9 GSPECIAL PRECAUTIONS

Flamnable liquid. Avoid heat, Sperke and open flames. Avoid
braathing of vapors and cuntact with ayes, skin or clathing.
Keep containar clossd when not in uge., Hagardous product
residus may remain in smptied container. Do not reuse empty
containers without commercial cleaning or reconditioning.

AN EREU RN AN A RU R E NS AR ANEARNNAR R SANN A AR R AR R TR AR RRE R U ANC WSRO C AR A ERECRECR AL AR NRRAARBNN
Although the intormation and recommendaticns set forth hexein are beliaved to be
cacrrect as of the date hereoif, Petzolite makes no repregentations to the acouraay

of such informatlon and recommendations. It iB the user’s responeibility to determine
the suirsbility and completensss of such information and recommendation for itm owm
pazticular use,Petrolite shall not be rasponsible for any direct,indirect, inuidental
or consequential damages of whateoaver naturae resulting frowm the publication,use of
or relianos upon such information and recommendations.

PETROLITE EXPRAESSLY DISCLAYIMS ANY AND ALL WARRANTIES OF EVERY KIND AND NATURE
INCLUDING THOSN OF MERCHANTABILITY AKD OF FITNESE FOR A PARTICULAR PORPOSE WITH
RESPRECT T0O THRE PRODUCT, IHM INFORMATION AND RECOMMENDATIONS CONTAINED NEREIN,
OR ANY USE OR RELJAKCE THERKON.



Ei. /IRONMENTAL DAIA S}..ET

PAGE 1
PETROLITE CORPORATION BEVISION DAZE: 10711793
369 MARSHALL ATE. CHENTREC EMER NO: 1-800-424-3300
ST« LOUTLS MO 63119 U.S.A. INPORMATION PHONE: 1=314m961+3500

CPBSES OSSRV ACHRASSEAREEIOUARKROSL S SAG S 065 FESS ST SARNR LD VEARERYASUSSPES S

PRODUCT: EXO089%
ABOVEVEEIIBLCHOPUDRBIGHARERE L0 XG0T LAE R0 # 4 ORGLFEREAE SESRSEBEEEEEE S0 OV SR O PR H:

The <following ianforwation i3 provided foc the <convenience of
Petcolite customers. This Environmental Data Sheet is incorporated
into the Haterlal Safety Data Shest {NSDS) fotr the Petrolite
pcoduct named above. Hben physically attached to the 1SDS, this
Envitonmental Dats Sheet must not be detached from the NSDS. Any
copying or credistribution of the M5DS to which Lhis Environmeatal
Data Sheet is attached wust include copying and redistribdution of
this Environmental Data Sheeal as well.

Potrolite makes reasonable efforts to assure the accuracy of this
information, but mukes no representetice or wacranty about it.
This infocmation is not latended as legal advice nor as a
definitive guide to <the reguirements of applicable laus and
regulations.

SOGOEABUIFRORS SHHRS EEEGE LIS PPITEFOT 0H IS DR E SESEC SSSEE S0 Lo R 0 OERQOEURRS OGP S hdkd P

NFPA DESIGNATICY 704

PRODUCT LABEL CODES DEGREE OF HAZARD
HEALTH (BLUE) = 1 0 = LEASI
FLAMMABILITY (REO) =~ 2 t = SLIGHT
REACTIVIXY (YELLOW) = O 2 = HODERATE
SPECIAL HAZARDS = 3 = HIGH

& = EXTREME

BRSTHRESSLSOBRRESSUDABETLLRESLFERRO G ESEITESISATXLGSSGEEBEE SEELUT O OGSAOERSESATUEREL:

ISCA LNVENTORY

This product, ur its components, if 3 mixture, ave on the Toxic Substance
Contral Aet (ISCA) inventory.
S RHHIAIEBOBRE VRO REI SR SRR R PPHERES XL S VGV SR EERLH LA TEL AAGRGROB LS IR AETR S NQNBS
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BAGE 2
PETROLITE CORPORATION HEVISTON DAIE: 10711793
369 UABSHALL AVE. CHEMTBEC EMER NO: 1=800~424-3300
$T. LOUIS U0 63119 U.S.A, INFORMATION PHONE: 1m3142961<3500

FOESHEEEB SR EEELOURSSETLRIAESEIEL IS EE SISV PROUABE T ELBISAPIRXERCE I ESOIVPTIEIHARERST

PRODUCTs EX0083%
BOEEXELOAGEETILONS $ 4D S I N0 9P $F 20N S 532 $h S CEVCIIPAN BB MG SHD B AV OSSR XBES Sdk G & Bucr b’

CERCLA HATARDOUS SUBSTANCES ANL REPORTABLE QUANIITIES

This Petrolite groduct contaims the follawing materials which have bheen
1isted az s bazardous substance of substances subiect to the release
reporting requicements of the Comprehensive Enviconmental Besponse,
Compensation, aud Lliabilily Act of 1980 (CEHCLA) and 40 CFBR Pact 302 and
40 CPR 355.40s The reportabdle gquantities {R0s) acre calculated im galleas
of produot. E£ach entry correuponds to the k{d, in pounds, Of the listed
CERCLA hazardous substance.

CHENMICAL CAS NUOMBER RO, & BY, GAL
Xylene (mixed) 1330+20%»7 1,000 3,100
Naphthalene 91=20~3 100 4,700
Cunane 98-82-0 5,000 52,400
Ethylbeazene 100~81=d 1,000 63,500
Toluens 108~808=3 1,000 15%,000
Potassium hydroxine 1310~58~3 1.000 23,000

SRURV O AP P I RAIG S RO OUPOT ST HSEREIEIL Y GREL 00 ¢ SV LA D ORGP RUHRACHDERDELV USSR LREDI D,
SARA TITLE III, EXIREMELY EARZARDOUS SUBSTANRCES

This Petrolite product contains the following materials which have been
listed a8 an Extresmely Hazacdous Substance or Substances subject to the
esergency planning provisions of SARA Title IIL, Section J02 ang 40 CPH
355.30, the release reporting roguircments of SARA Title III, Section J0&
and %0 CFH 355.40, and the hazardous cherical reporting/community cight-
to<know caquiremonts of SARA Title [IX, Section 312 and #0 CFR Pacrt 370,
Iho ceportasble yuantities (BQs) and theeshold planning guantities (1PQs)
ate calaulated in gallons of product. Each entey corcegponds to the RY oc
TPQ in pounds, as appropriate, for <the listad Extrewely Hazardous
Substances. No data is given for listed Extremely Hazardous Substances
present in goacentratlons below applicatle de winimis levels.

ks NONE %oes

INEHWRGVEU DS ESLHGH R R VE LG FRURLLIRR VST IO KR SIIFTLAGNNOR MENAR TG RUERE VR HLIXSHS KSR H o
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PAGE 3
PETROLITE CORPORATION BEVISION DATE: 10711493
369 MAHUSHALL AYE. CHENTREC EMER NO: 1-800-424-9300
$T. LOUIS MO 63119 U.S.A. INFORMATION RHONE: 1m314x967«3500

S OEPEITAIB QUL S S ENEILEHUAE S LIRSS E FEE TSRO LLLTLRECLCIIBEEETTNORGONER S L GHids

PROBUCTs EXO0894
SR SRGUNELIED O BBUBNG SOARYRIUHAES S AN $ 0T G4 R DEBAX S LRSI EEAICAUGEISLX RS SRS ERE QB RS

SARA TITLE III, SECTION 311: HAZABD CATEGORIES

Thig DPetrolite pcoduct hLax been assigned to the following hazacd
category{ies), as provided by SARA Title IIL, Section 31! and 40
TPR-3797 " Subpact A,-370.2: '

Acute (immediate ) health hazard
Fire hazard

SABA TITLE [IX, SECTION 312 INVENTORY HEPORT INC INFORMATION

This Petrolite product has the followiag physical chacacteristicy for any
required reporting on the federal Tier Two form or its equivalent:

MIXTUHE
LIQUID
12488 053 0MBOE LTI GBERUBRIVE SRS STACLULOUNREEEIGAB L L ASFB IS ERIRIFUCERRYRBEEI IS 200

SARA TITLB III, SECTION 313

Tais Petrolite product conteins the following materials which have heen
listed as a toxic chemical or chewicals subject to the rcepocting
tequicesents of section 313 of Yitle II1 of the Supecfund Amendments and
Haeguthorization Act of 19385 and 40 CFA Part 372:

CRENICAL CRS NUMBER WELGHT PERCENT
Cumens * 98=82=4 1.2 %
1,2, ¥9Icimethylbenzene * 95«63=b 16.1 %
Xylone (mixad i=zomacsg) ¢ 1330~20=-7 8.1 X

% solvent camponent
PRREEAOSEE LSS XAEHEDEFEL2CORETSXEDABE L EXGOUG R RS EEI SR ESPERLEBENET AL LS OQUCESIIIQAESH:

PETROLITE EXPRESSLY DYISCLAIMS ANY NI ALL WARRAMNIIES OF EVERY KIMND
AND NATURE, INCLUDING THOSE OF MERCHANT2BILITY AND OF FIINESS FOR A
PARTICULAR PURPQSS, WITH HESPECT 10 THE FHODUCY AND THE INFORMAIJION
CONTAINED HEREIN 08 ANY USE O HELIANCE THEREON. Petrolite shall
not bu resSporsibleo for any direct, indirect, incidental or
consequential Jasaqe of <hatsoovet nature resulting from the
publication, use of ar reliance ugon this information.
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Allied Colloids Health & Safety Information

HS629 ISSUE DATE: 03/90

ISSUE No. : 1.0
1. CHEMICAL TYPE
SULPHOSUCCINATE DIESTER SOLUTION
2. TYPICAL PHYSICAL DATA
FORM s LIQUID COLOUR :COLOURLESS TO STRAW
BOILING POINT :188°C ODOUR :SLIGHT
VAPOUR PRESSURE (20°C) SN SOLUBILITY :MISCIBLE (IN WATER)
pH VALUE :7 VISCOSITY (25°C) : NXK
DENSITY :APPROX. 1g/cm3 BULK DENSITY :N/A
3. FIRE AND EXPLOSION DATA
FLASH POINT( closed cup ) :103°C COMBUSTIBILITY (@ 55°C ) : NOT COMBUSTIBLE
FURTHER INFORMATION :-
EXTINGUISHING MEDIA : CARBON DIOXIDE, DRY CHEMICAL, FOAM OR WATER SPRAY MAY BE USED
4 HEALTHINFORMATION
4.1 NATURE OF HAZARD
SKIN SKIN IRRITANT
EYES SEVERE EYE IRRITANT
INHALATION THE ACTIVE COMPONENT IS NON-VOLATILE.
INGESTION LOW TOXICITY PRODUCT.
FURTHER INFORMATION : -
4.2 FIRST AID
SKIN CONTACT WASH CONTAMINATED AREA WITH SOAP AND WATER.
EYE CONTACT IRRIGATE WITH WATER FOR 15 MINUTES, OBTAIN MEDICAL ADVICE.
INHALATION REMOVE PATIENT TO FRESH AIR. I[F RECOVERY IS DELAYED, SEEK MEDICAL ADVICE.
INGESTION WATER MAY BE GIVEN TO DRINK OR USED TO WASH OUT THE MOUTH IF, AND ONLY If, THE

PATIENT IS FULLY CONSCIOUS AND NOT CONVULSING. DO NOT GIVE AN EMETIC UNLESS DIRECTED
BY A COMPETENT MEDICAL PRACTITIONER. REST AND REASSURE THE PATIENT AND OBTAIN
MEDICAL ADVICE IMMEDIATELY.



HS 629 ISSUE DATE:03/90

ISSUE No.: 1.0
5. PRECAUTIONS IN USE AND STORAGE
5.1 USE
EYE PROTECTION GOGGLES
HAND PROTECTION RUBBER / PVC GLOVES
PROTECTIVE CLOTHING OVERALLS, RUBBER/ PVC APRON
RESPIRATORY PROTECTION NOT REQUIRED UNDER NORMAL CONDITIONS OF USE.
VENTILATION ADEQUATE VENTILATION REQUIRED
OTHER PRECAUTIONS . DO NOT EAT, DRINK OR SMOKE WHILST HANOLING THE PRODUCT
WASH HANDS AFTER USE.
REMOVE CONTAMINATED CLOTHING IMMEDIATELY AND LAUNDER BEFORE REUSE.
52 STORAGE AVOID EXTREMES OF TEMPERATURE, AND WET AND HUMID CONDITIONS.
6. SPILLAGES PREVENT LARGE QUANTITIES GOING TO DRAIN 8Y CONTAINING WITH AN INERT
MATERIAL SUCH AS SAND OR EARTH. SWEEP UP AND REMOVE FOR DISPOSAL.
RESIDUES AND SMALL SPILLAGES SHOULD BE HOSED AWAY COMPLETELY WITH WATER
7. WASTEDISPOSAL RESIDUES AND CONTAMINATED PACKAGING MATERIAL SHOULD BE DISPOSED OF IN

ACCORDANCE WITH THE "CONTROL OF POLLUTION ACT" 1974.

8. OTHERINFORMATION SPILLED PRODUCT CREATES A HAZARD BECAUSE OF ITS SLIPPERY NATURE.

9. SUPPLY ANDCONVEYANCE INFORMATION
( EEC Directives; UK Classification, Packaging and Labelling Regulations, 1984 )

9.1 DANGERQUS SUBSTANCES IN PRODUCT

Substance
Substance name. Danger class Average % wt/wt Identification No.
DIOCTYLSODIUM - - -
SULPHOSUCCINATE
9.2 PRODUCTCLASSIFICATION
SUPPLY SKIN AND EYE IRRITANT
SYMBOL Xi GENERAL NATUREOF RISK : SKIN AND
RISK PHRASES R 36/38, 41 EYE IRRITANT
SAFETY PHRASES S 26, 28 ( soap and water)
CONVEYANCE NOT A DANGEROUS SUBSTANCE
HAZARD WARNINGSIGN N/A SUBSTANCE IDENTIFICATION No.: N/A
CLASSN/A PACKAGING GROUP. N/A

The information contained in this leaflet is given in good faith. It is accurate to the best of our knowledge and
belief and represents the most up to date information. Provided our products are handled and used in

mmmmnwdncnn siith tha ndinins aivion thouw chanld affor nn hosnrd ta honlth nnd ernfotv
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CHEMICAL EXXON CHEMICAL AMERICAS, P.0. BOX 3272, HOUSTON. TEXAS 77001
RN A Division of EXXON CHEMICAL COMPANY. A Division of EXXON CORPORATION

PAGE: 1
BREAXIT OEB-9 7-9530 DATE PREPARED: NOV 2, 1990
_ NO. : 79530000

SECTION 1 PRODUCT IDENTIFICATION & EMERGENCY INFORMATION

PRODUCT NAME: Breaxit QEB-9 7-9530

CHEMICAL NAME:
Not applicable: Blend

CHEMICAL FAMILY:
Surfactant

PRODUCT DESCRIPTION:
Clear Yellow Liquid
Mild Hydrocarbon QOdor

EMERGENCY TELEPHONE NUMBERS: EXXON CHEMICAL AMERICAS 713-870-6000
CHEMTREC 800-424-9300

SECTION 2 HAZARDOUS INGREDIENT INFORMATION

The composition of this mixture may be proprietary information. In the event of a
medical emergency, compositional information will be provided to a physician or nurse.
This product is hazardous as defined in 29 CFR1910. 1200, based on the following
compositional information:

COMPONENT 0SHA HAZARD
Ethyl Alconol, Xylene, Polynuclear Aromatic Solvents Combustible Liquid
Ethyl Alconol, Xylene, Polynuclear Aromatic Solvents Eye and Skin Irritant
Ethyl Alcohol, Xylene, Polynuclear Aromatic Solvents Vapors Irritant to Eyes
Etnyl Alconol, Xylene, Polynuclear Aromatic Solvents and Respiratory Tract
gthyl Alconol, Xylene PEL/TLV

For additional information see Section 3.

SECTION 3 HEALTH INFORMATION & PROTECTION

NATURE OF HAZARD
EYE CONTACT:
Irritating, but does not injure eye tissue.
SKIN CONTACT:
Low order of toxicity.
Occasional brief contact with the liquid will not result in significant
irritation uniess evaporation is impeded.
Frequent or prolonged contact may irritate and cause dermatitis.
May cause skin sensitization, an allergic reaction which becomes evident
on reexposure to this material,
INHALATION:
Hign vapor concentrations are irritating to the eyes and the respiratory
tract, may cause headaches and dizziness, are anesthetic and may have
other central nervous system effects,
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INGESTION:
Low order of toxicity.

FIRST AID
EYE CONTACT:
Flush eyes with large amounts of water until irritation subsides. If
irritation persists, get medical attention.
SKIN CONTACT:
Flush with large amounts of water: use soap if available.
Remove grossly contaminated clothing, including shoes. and launder before
reuse.
If irritation persists, seek medical attention.
INHALATION:
Using proper respiratory protection, immediately remove the affected
victim from exposure. Administer artificial respiration 1f breathing
is stopped. Keep at rest. Call for prompt medical attention.
INGESTION:
First aid is normaliy not required.

WORKPLACE EXPOSURE LIMITS

OSHA REGULATION 29CFR1910.1000 REQUIRES THE FOLLOWING PERMISSIBLE
EXPOSURE LIMITS:
A TWA of 100 ppm (435 mg/m3) and a STEL of 150 ppm (655 mg/m3)

for Xylenes.
A TWA of 1000 ppm (1900 mg/m3) for Ethyl Alconhol.

THE ACGIH RECOMMENDS THE FOLLOWING THRESHOLD LIMIT VALUES:
a TWA of 100 ppm (435 mg/m3), and a STEL of 150 ppm (655 mg/m3) for

Xylene.
a TWA of 1000 ppm (1800 mg/m3)} for Ethyl Alconol.

EXXON RECOMMENDS THE FOLLOWING OCCUPATIONAL EXPOSURE LIMITS:
a TwA of 100 ppm total organic vapor based on the Heavy Aromatic Napntha
(HAN) content. This component also contains a significant level of
Polynuclear Aromatic Hydrocarbons (PNA's) between 0.4 % and 0.5 %.
when aerosols are likely to be generated or when product temperatures
exceed 300 deg. C., air samples should be monitored for PNA's.

PRECAUTIONS

PERSONAL PROTECTION:
For open systems where contact is likely, wear chemical resistant gloves,
rubber boots, a chemical jacket, and a face shield.
wWhere contact may occur, wear long sleeves, chemical resistant gloves, and
a face shield.
Where concentrations in air may exceed the 1imits given in this
Section and engineering, work practice or other means of exposure
reduction are not adequate, NIOSH/MSHA approved respirators may
be necessary to prevent overexposure by inhalation.
All contact should be avoided by persons with known hypersensitivity to

ALKYL PHENOL SURFACTANT

VENTILATION: i
The use of mechanical dilution ventilation is recommended whenever this
product is used in a confined space, is heated above ambient temperatures,

or is agitated.
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SECTION 4 FIRE & EXPLOSION HAZARD

FLASHPOINT: 134 Deg F. METHOD: Seta CC
FLAMMABLE LIMITS: LEL: 0.8 UEL: 19.0
AUTOIGNITION TEMPERATURE: NOTE: Not available

GENERAL HAZARD:
Combustible Liguid, can form combustible mixtures at temperatures at
or above the flashpoint.
Toxic gases will form upon combustion.
“Empty" containers retain product residue (liquid and/or vapor) and can be
dangerous. DO NOT PRESSURIZE. CUT, WELD, BRAZE, SOLDER., DRILL, GRIND, OR
EXPOSE SUCH CONTAINERS TO HEAT. FLAME, SPARKS, STATIC ELECTRICITY, OR
OTHER SOURCES QF IGNITION; THEY MAY EXPLODE AND CAUSE INJURY OR DEATH.
Empty drums Should be cocmpletely dratned, properly bunged and promptly re-
turned to a drum reconditioner, or properiy disposed of.

FIRE FIGHTING:
Use water spray to cool fire exposed surfaces and to protect persconnel.
Isolate "fuel" supply from fire.
Use alconol type foam, dry cnemical or water spray to extinguish fire.
Respiratory and eye protection required for fire fighting personnel,
Avoid spraying water directly into storage containers due to danger of
borlover.

DECOMPOSITION PRODUCTS UNDER FIRE CONDITIONS:
Smoke, Fumes., Carbon Monoxide, Carbon Dioxide, Sulfur Oxides

SECTION 5 SPILL CONTROL PROCEDURE

LAND SPILL:
Eliminate sources of ignition. Prevent additional discharge of material,
if possible to do so without hazard. For small spills implement cleanup
procedures: for large spills implement cleanup procedures and, if in
public area, keep public away and advise authorities. Also, if this
product is subject to CERCLA reporting (see Section 7) notify the National
Response Center.
vVapors/dust can be harmful/fatal. Warn occupants of downwind areas.
Prevent liquid from entering sewers, watercourses, or low areas. Contain
spilled liquid with sand or earth. Do not use combustible materials such
as sawdust.
Recover by pumping (use an explosion proof or hand pump) or with a
suitable absorbent.
Consult an expert on disposal of recovered material and ensure
conformity to local disposal regulations.
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WATER SPILL:
Prevent additional discharge of material, if possible to do so without
hazard. Advise authorities.
Eliminate sources of ignition. Vapors/dust can be harmful/fatal. Warn

occupants and shipping in downwind areas.

Consult Healtn Information and Protection (Section 3) regarding possible
hazards

Consult an expert on d:sposal of recovered material and ensure
conformity to local disposal regulations.

SECTION 6 NOTES

NOTES:

This progduct may contain trace amounts of ethylene oxide (CAS No.
75-21-8), a condition whnich creates the potential for accumulation of
ethylere oxide in the head space of shnipping and storage containers and in
enclosed areas where the product is being handled or used. Ethylene oxide
15 considered by QSHA, IARC, and NTP as a potential carcinogen for humans.
Ethylene oxide may also present reproductive, mutagenic, genotoxic,
neurologic and sensitization hazards in humans. If this product is
nandlied with adequate ventilation, the presence of these trace amounts 1is
not expected to result in any short or long term hazards.

HAZARD RATING SYSTEMS:

This information is for people trained in:

National Paint & Coatings Association’s (NPCA)
Hazardous Matervtals Identification System (HMIS)

Natiornal Fire Protection Association (NFPA 704)
identification of the fire Hazards of Materials

NPCA-HMIS NFPA 704 KEY
HEALTH 2 2 4 = Severe
SLAMMABILITY 2 2 3 = Serious
REACTIVITY 0 Q 2 = Moderate
1t = Slight
O = Minimal

SECTION 7 REGULATORY INFORMATION

DEPARTMENT OF TRANSPORTATION (DOT):
DOT HAZARD CLASS: Combustible Liquid
DOT IDENTIFICATION NUMBER: Not Available

TSCA:
Components of this product are listed on the TSCA Inventory.
CERCLA:
If the reportable quantity of this product is accidentally spilled, the incident

is subject to" the provisions of the Comprenensive Response, Compensation and

Liability Act (CERCLA) angd must be reported to the National

calling 800-424-8802.

Response Center by
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The reportable spi1ll quantity of this product is 60,600 pounds.
This product contains:
Xylene.

SARA TITLE III:
Under the provisions of Title III, Sections 311/312 of the Superfund Amendments
and Reauthorization Act, this product is classified into the following hazard
categories:
Immediate health, Delayed Health, Fire.
This product contains the following Section 313 Reportable Ingredients:

COMPONENT CAS NO. MAXIMUM %

Xylene 1330-20-7 2.0

SECTION 8 TYPICAL PHYSICAL & CHEMICAL PROPERTIES

SPECIFIC GRAVITY: VAPOR PRESSURE, mmHg at °F:

1.08 at 60 ) 110 at 100 Cailculated

Density: 9.1 1bs/gal at €0

SOLUBILITY IN WATER, WT. % AT °F: VISCOSITY OF LIQUID, CST AT °F:
Dispersible 55 at 100 Cannon-Fenske

21 at 150 Cannon-Fenske
GRAV. OF VAPOR, at 1 atm (Air=1): FREEZING/MELTING POINT, °F:

eater than 2.00 -34 Pour Point
EVAPORATION RATE, n-Bu Acetate=1: BOILING POINT, °F:
1.5 Greater than; Calculated 227 Calculated IBP

SECTION 9 REACTIVITY DATA

STABILITY: HAZARDOUS POLYMERIZATION:
Stable Will not occur

CONDITIONS TO AVOID INSTABILITY:

None

MATERIALS AND CONDITIONS TO AVOID INCOMPATIBILITY:
Strong Oxidizing Agents

HAZARDOUS DECOMPOSITION PRODUCTS:

None

SECTION 10 STORAGE AND HANDLING

ELECTROSTATIC ACCUMULATION HAZARD:
Unknown, use proper grounding procedure
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STORAGE TEMPERATURE, °'F: LOADING/UNLOADING TEMPERATURE, °F:
Ambient

Ampiren<t
STORAGE/TRANSPORT PRESSURE, mmHg: VISC. AT LOADING/UNLOADING TEMP., cST:
Not avaiiable

Atmospneric

REVISION SUMMARY:
Since APRIL 25,1990 this MSDS has been revised in Section(s):

&

SUPERSEDES ISSUE DATE:

REFERENCE NUMBER: DATE PREPARED:
25, 1990

HOHA-A-10497 November 2, 19890 April

FOR ADDITIONAL PRODUCT INFORMATION, CONTACT YOUR TECHNICAL SALES REPRESENTATIVE
FOR ADDITIONAL HEALTH/SAFETY INFORMATION, CALL 713-870-6885

THIS INFORMATION RELATES TO THE SPECIFIC MATERIAL DESICNATED AND MAY NOT 8E VALIO FOR SUCH MATERIAL USED IN COMBINATION WITH ANY
OTHER MATERIALS OR [N ANY PROCESS. "SUCH INFORMATION IS TO TME BEST OF OUR KNOWLEDGE AND BELIEF, ACCURATE AND RELIABLE 43S OF THE
OATE COMPILED. WOWEVER, NO REPAESENTATION, WARRANTY OR GUARANTEE [S MACE AS TO [TS ACCURACY, RELIABILITY OR COMPLETENESS.

THE USER*S AESPONSIBILITY TO SATISFY MIMSELF AS TO THE SUITABILITY AND COMPLETENESS OF SUCH iNFORMATION FOR HIS OQWN PAATICULAR
USE. WE DO NOT ACCEPT LIABILITY FOR ANY LOSS OR OAMAGE THAT MAY OCCUR FROM THE USE OF THMIS INFORMATION NOR DO WE OFFER WARRANTY

ACAINST PATENT INFRINCEMENT.

IT s



APPENDIX 3

Emulsion Formation and Breaker Screening Test Results
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APPENDIX 4

Laboratory Burn Data






Ive LSPO ST \C§_|900s i & zZ
HTNEED CACTR N
"L shprsar w (224 vﬂgﬂ_n-ﬂ.do SO:L100 TLVOVO 0ODOVO 14 -
0000 _£100:00 unsden £ 55/ 13 827ov0031 82
T {060 Zve (09 Saily W JANESIR SHEQ US Yy 3990_3.88 TH9000 50000 0O0T0 | SEbyamip nexsb b OS] & _
!n.vcl!-U.— onﬂus 3.8"8 vﬁoous unsdeN W 00L i K owv &
e Y050 ToLoE_ |ebT, w WEH v 604 { EDABESID BOHoD W OOL1 . b r27os0iv| 02
D SiTs¥ SRpTia U SOy E ¥ -....emvo!t. -t o: 8 105 888 00000 WieoEN b 6] €
U § e tlgn- 85-OX3 9714000 £100:00 wpeorn 830 T _
s g peowerd| (o) 0OOTY 3190 ———0.8 2 000 WHSTEN W DL 13 sz8 $¢ 00sT KR oesy| &<
N E Ly [T X X v v T _ - _ -
3 SZ8D 82%0L _ 0OSt otsvs  ICwl {2124 00 4 ootz &
el a0 v vy 3 - v 1 ! 08 woessy| 12
XL el s PiL .
< ¢
4
1
N ) WSl |is®
4
]
UL |00 IR |6:9
:
T~ 1) Y] s
s ] r
1 opruspeeS 8 gl ¢
L ] spraspembbeoes|
opns> popsl By, 1¢! Iy
b TR TV TT5L |00k LT 2
oot ¢
i st il _§
vgoﬂo 00009 wssm el @
CL ] [Tr i |viz 3 00- [
4
(]
v ieizo e |00L 4
»
SRNURL 2 05 (PRURS B SEIMBAID sewt ) Pexnwasd! ]
L] 1 4
Uy | v t
[t Tro000 “
Sunemseo mutie iy suouigLTO00 bad suf I3
i [weo 12 st il
U KON JOUNODENQUICD 10 JUIP I IMUEY FERM $:2000 SSYIV0 $1V0D  LOVOVO O W 00T
PO 1 (OL
. pet o)
Zer 18350 Cb Lid T GO Wy ST v ie..l.ﬁ!coiaguj
Bunuren; Saswysns
SrE T {9IN0 0. ¥R
P08 J00mm s
ST IVEee0 [373 30 DORG; SPEC shiam Y3 |
9616 85 €09, Iy
1904 JIBMm 04 @ POWNESS) SNPER! 10 VONIBR)




ACS Burn Experiment # 01
Fresh ANS; No water: 20 mm thick
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ACS Burn Experiment # 02
10% ANS: No water; 20 mm thick
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ACS Burn Experiment # 03
28% ANS; No water; 20 mm thick
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ACS Burn Experiment # 04
Fresh ANS; 12.5% water; 20 mm thick
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ACS Burn Experiment # 05
Fresh ANS; 25% water; 20 mm thick
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ACS Burn Experiment # 06
Fresh ANS; 40% water: 20 mm thick
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ACS Burn Experiment # 07
Fresh ANS; 60% water; 20 mm thick
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ACS Burn Experiment # 08

10% ANS; 12.5% water; 20 mm thick
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ACS Burn Experiment # 09
10% ANS: 25% water; 20 mm thick
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ACS Burn Experiment # 09a
10% ANS; 25% water; 20 mm thick

Reburn after natural breaking

1000

N A O
o O O o
o O O o

Air: 15 cm

Air: 29 cm

Qil: -5 mm

Qil: -15 mm

; :
0:00

n
T

5.00 10:00
Elapsed time (min:sec)




ACS Burn Experiment # 10
10% ANS; 40% water; 20 mm thick
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ACS Burn Experiment # 11
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ANS: 60% water; 20 mm thick
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ACS Burn Experiment # 12
28% ANS; 12.5% water; 15 mm thick
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ACS Burn Experiment # 13
28% ANS; 25% water; 15 mm thick
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ACS Burn Experiment # 14
28% ANS: 40% water; 15 mm thick
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ACS Burn Experiment # 14a
28% ANS: 40% water; 15 mm thick
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ACS Burn Experiment # 15
28% ANS; 40% water: 15 mm thick
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ACS Burn Experiment # 16
28% ANS; 40% water; 15 mm thick
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ACS Burn Experiment # 16a

28% ANS; 40% water; 15 mm thick
1:500 Alcopol, reignition
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ACS Burn Experiment # 17
28% ANS; 40% water; 15 mm thick
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ACS Burn Experiment # 17a
28% ANS: 40% water; 15 mm thick
1:500 EX0O894, reignition

Air:4cm
Air: 15cm B
Air: 29 cm

T Oil Surface
1 Oil: -5 mm
1 A% J Oil: -15 mm
un 5 ]

0:00 5:00 10:00 15:00 20:00 25:00
Elapsed time (min:sec)




ACS Burn Experiment # 18

ANS: 50% water;: 15 mm thick
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ACS Burn Experiment # 19
28% ANS; 50% water; 15 mm thick
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ACS Burn Experiment # 19a
28% ANS: 50% water; 15 mm thick
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ACS Burn Experiment # 20
28% ANS; 50% water; 15 mm thick

1:500 EXO894

0 -

j
t

0:0

1:00 2:00 3:00 4:00
Elapsed time (min:sec)

———

Air: 4 cm

Air: 15¢cm -

oo

Air: 29 cm

Qil Surface

Oil: -5 mm

——————

QOil: =15 mm




C)

Temperature (°

ACS Burn Experiment # 20a
28% ANS; 50% water; 15 mm thick
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ACS Burn Experiment # 21
28% ANS; 60% water: 15 mm thick

1:500 EXO894, premixed
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ACS Burn Experiment # 22
28% ANS: 60% water; 12 mm thick
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Temperature (°

ACS Burn Experiment # 23
28% ANS; 60% water; 20mm thick
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Temperature (° C)

ACS Burn Experiment # 24
10% ANS:; 60% water; 20 mm thick

1:500 EX0O894

1000

0:00

5:00 10:00
Elapsed time (min:sec)

Air: 4 cm

Air: 15 cm

Air: 29 cm

QOil: -5 mm

Oil: -15 mm




Temperature (° C)

ACS Burn Experiment # 25
10% ANS; 70% water; 20 mm thick
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ACS Burn Experiment # 26

Fresh Endicott; 40% water: 20 mm thick
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ACS Burn Experiment # 27
Fresh Endicott; 60% water; 20 mm thick
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APPENDIX §

Outdoor Pan Burn Data






Weath. log sheet

DATE/ time HEIGHT (in) | vol (ft*3) |% WTHD! BBLS GAL COMMENTS
; i
6/30/94 15:30; 12 27.52{ 0.00%| 4.89 205.37§start of process
6/30/94 18:30; 10 7/16 24.14|12.29%| 4.29| 180.13!Shut down, left uncovered for the night|
7/1/94 9:00 10 1/4 23.73/13.78%| 4.22 177.07‘started circulating, air sparger.
7/1/94 14:00 10 1/8 23.45|/14.77%| 4.17|175.03|left system running
7/2/94 8:00 10 23.18|/15.77%) 4.12]172.98
7/2/94 18:30 9 3/4 22.63{17.77%| 4.02| 168.88|shut system down
7/3/94 7:00 9 3/4 22.63/17.77%| 4.02| 168.88|started system
7/3/94 11:00 9 9/16 22.22/19.27%| 3.95| 165.80Ishut down and sealed systerm
7/7/94 9:30 9 9/16 22.22/19.27%| 3.95{ 165.80]restarted to take it to 25%
7/7/94 18:00 9 1/2 22.08{19.77%| 3.92| 164.77!stop
-~ 7/9/94 8:00 9 1/2 22.08|19.77%| 3.92| 164.77|start
7/9/94 16:30 9 3/8 21.80/20.77%| 3.87|162.71|stop
7/10/94 14:30 9 3/8 21.80)20.77%; 3.87}162.71|start
7/11/94 7:30 9 1/4 21.53(21.78%; 3.82| 160.65/|ran all night
7/11/94 18:00; 9 1/56 21.39/22.28%| 3.80{/159.61!
7/12/94 9:00|l 9 20.97|23.79%| 3.73|156.51

Page 1
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MESO-SCALE BURN TEST
WEATHERING PROGRESS CHART

COLUMN COLUMN | CALCULATED| VOLUME
DATE TIME MEASUREMENT | UNITS VOLUME UNITS | % WEATHERING | MEASURED BY

8/25/94 7:30 38.75 Inches 3,478.44 |Gallons 0.00%]|M. Hummel
8/26/94 19:00 AM 36.85 Inches 3,307.89 [Gallons 4.90%|M. Hummel
8/27/94 | 8:00AM 36 Inches 3,231.58 |Gallons 7.10%]|C. Newnam
8/28/94 | 7:15AM 35.4 Inches 3,177.72 [Gallons 8.65%|C. Newnam
8/29/94 |10:00AM 35.3 Inches 3,168.75 |Gallons 8.90%|M. Hummel
8/30/94 | 8:00AM 35.2 Inches 3,159.77 |Gallons 9.16%|J. Hanover
8/31/94 | 7:30AM 35 Inches 3,141.82 |Gallons 9.68%|J. Hanover
9/1/94 | 7:30AM 34.85 Inches 3,128.35 |Gallons 10.06%]J. Hanover
9/2/94 110:15AM 34.75 Inches 3,119.38 |Gallons 10.32%]J. Hanover
9/3/94 | 7:30AM 34.4 Inches 3,087.96 [Gallons 11.23%|J. Hanover
9/4/94* | 7:.00AM 34.2 Inches 3,070.01  |Gallons 11.74%|J. Hanover
.9/5/94 | 6:30AM 33.5 Inches 3,007.17 |Gallons 13.55%|J. Hanover
9/5/94 | 5:15PM 33.25 Inches 2,984.73 [Gallons 14.19%]|N. Glover

9/6/94 |6:00 AM 33 Inches 2,962.29 {Gallons 714.84% J. Hanover
9/7/94 |3:00 PM 32 Inches 2,872.52 |Gallons /(P 17.42%|N. Glover

sl caplimg

* Heat was added on this date through the steam tracing built into the tank. No fluid temperatures were recorded.

Standards: ¢ The test tank measures 12'0* x 12'0"
* % weathering by volume calculated by the decrease in oil column height in the test tank
¢ Gallon measurement is US gallons
» 231 cu. in. per gallon
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0109
BP EXPLORATION
Prudhoe Lsboratory
Analysis Report

Date: §/12/94 Sample: water/oil emulsion Lab No:see bolow .
—— e

Facllity: Alaska Glean Seas Sourose; Bruce Mckenzie

94090482} 80/40 68

94080493]Cude. o1l 0.8948 | 26.64 84.91 ig.1 1.07

Comment: -0493 sent to Huiffman Laboratories for analysis. The sample was
centrifuged to remove most of the water. Karn Fisher % water = 1.18%

Distriution: Bruce McKanzie(ACS fax-807-348-2435
lab file

Analyet: BW Date: 11/3/94




Bowie Series 300 Pumps are Rotation in either direction. Fur-
designed for General Purpose use nished in 2" or 3" sizes. Pumps
and are widely used for transfer of straight through. Pumps high vis-

fluids. Used extensively on oil tank cosity fluids. Designed for trouble-
trucks, transports. , free operation under a'wide range
of temperature conditions.

2300/STD/F 300 2
SERIES SIZE: £ INCH
BOWIE PUMP RATINGS FOR 2"
PUMP SIZES
12% FLUID KEROSENE:
Pump Temperature Discharge Capacity Brake
RPM of Fluid °F Pressurs GPM Horsepower
190 147 6 68.5 83"
190 147 10 67.0 1.0
190 147 30 60.0 1.9
190 147 50 55.8 2.7
190 146 70 53.0 36
190 146 100 50.0 4.7
280 146 10 99.0 1.8
280 146 30 95.0 3.1
280 146 50 89.0 43
280 142 gg 86.0 5.6
H )/ , 280 14 1 83.0 7.5
C2 . 420 146 20 147.0 43
a 420 146 40 144.0 3.9
420 147 60 139.0 8.4
' + 420 147 80 136.0 10.3 i
‘4’/‘_—-“-3% L 5. 420 147 100 133.0 12.2
3300/STD/F - 200 }’&3 o
| T SERIES SIZE: J INCH
o @ om BOWIE PUMP RATINGS FOR 3"
i PUMP SIZES
12% (PAS Y © FLUID KEROSENE
== P Disch Capaci Brake
N ‘@ 9 R Ty 7 | oo o
o o 190 6 101 1.1
.0 7] 190 10 99 1.3
yoa 190 30 89 2.5
el 190 50 83 36
190 70 78 4.8
190 100 74 6.3
280 10 147 2.4
280 30 141 4.1
h 280 50 132 5.7
280 70 127 75
280 100 123 9.9
400 10 233 5.2
i 2 ._B 400 20 218 5.7
_ o) o 400 40 213 8.6
) 400 60 206 11.2
: ; ‘ 400 80 201 13.7
' valvoa] l 400 100 197 16.2 -
! 14% I 5% 3

BOWIE INDUSTRIES, INC.
1004 E. WISE - P.O. BOX 931 - BOWIE, TEXAS 76230
Telephone: 1-800-433-0934 * In Texas: 1-817-872-1106









APPENDIX 6

Meso-Scale Burn Data
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Weather Station 9/8/94
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