
ABSTRACT: A study of the efficacy of in-situ burning (ISB) as a
response tool for oils transported in Alaska has been partially com-
pleted. The first phase of the work involved laboratory burn tests to
determine, with four oils, the limits to ignition imposed by evaporation
and emulsification. Tests were also conducted to determine the effec-
tiveness of chemical emulsion breakers in extending the ignition limits.
The results demonstrate that the combination of evaporation and emul-
sification can severely curtail the ignition of slicks of the oils, but that
application of an emulsion breaker can significantly extend the window
of opportunity for ISB. Both the limits to ignition and the effectiveness
of the emulsion breaker addition were found to be dependent on the oil
type; oil-specific testing is required to ascertain the potential effective-
ness of ISB and emulsion breaker addition. The second phase of the
study comprised a series of burn tests with Alaska North Slope (ANS)
crude in waves. For untreated slicks, burn efficiency and burn time both
decreased with increasing wave energy; burn rate and the amount of
residue increased with increasing wave energy. These effects were most
pronounced for the thicker slicks and heavily weathered oil and emul-
sion. The application of a commercially available emulsion breaker per-
mitted the successful burning of otherwise unignitable ANS emulsion
slicks in waves. The results showed that mixing energy, either from
mechanical agitation or from wave action, was necessary for the emul-
sion breaker to be effective. The most significant result was the suc-
cessful burning in waves of a weathered 60% water ANS emulsion fol-
lowing the addition of a 1:500 dose of emulsion breaker with mixing
energy imparted to the slick only by wave action.

In-situ burning (ISB) of oil spills on water has the potential to quickly
remove large quantities of oil from the water surface and can be an effec-
tive countermeasure during a spill cleanup; however, with the evapora-
tion of an oil’s light ends and the formation of a water-in-oil emulsion,
the slick can quickly become unignitable and the “window-of-opportu-
nity” for a successful in-situ burn can be closed. Recent tests in Alaska,
which followed from studies in Norway and Canada, have demonstrated
that applying chemical breakers to emulsions contained by fire-resistant
booms has the potential for greatly extending the ISB window-of-oppor-
tunity. Previous laboratory tests, small-scale burns in pans, and
mesoscale tests have proved that the addition of emulsion-breaking
chemicals to certain oils can permit the successful ignition and burning
of otherwise unignitable slicks. The operational approach envisioned is
to (1) collect the emulsion with a “U” of fire boom towed through the
slick; (2) move a safe distance crosswind from the main slick; (3) apply
emulsion breakers aerially at low (about 1:500) dose rates to the entire
surface of the contained emulsion; (4) allow the emulsion breakers to

work for a period of time (probably dependent on the oil type, the chem-
ical, and the mixing environment; for some oils this time is zero and the
chemical and igniter can be applied simultaneously); and (5) ignite the
contained emulsion over a wide area using alternative, gelled fuels
dropped from a Heli-torch.

It is clear that in-situ burning of water-free oil in the presence of
waves is possible (Fingas et al., 1995; Bech et al., 1993; Buist et al.,
1983); however, there is little in the literature about the effects of waves
on burning processes. Only one previous test has been reported on burn-
ing emulsions in waves (Bech et al., 1993), and the results indicated that
wave action had detrimental effects on the burning of a heavily weath-
ered, low-water-content emulsion. The effects of waves on ISB as a
countermeasure at sea are obviously important. Beginning to understand
the processes involved was one of the main goals of this work.

This study builds on a previous project (S.L. Ross, 1995) by testing
the ignition and burning of different Alaskan oils (crudes and fuels) and
applying previous burning techniques under more realistic environ-
mental conditions, namely, colder temperatures and waves. To date,
phases 1 and 2 of the study have been completed. Phase 1 comprised a
comprehensive series of small-scale burn and emulsion-breaking tests
with four oils transported in the state of Alaska. Phase 2 involved tests
on the effects of waves on small-scale burns of Alaska North Slope
(ANS) crude and its emulsions. The plan for phase 3, which has been
delayed while additional funding partners are being sought, is to con-
duct midscale emulsion burn tests in a newly constructed wave tank at
Alaska Clean Seas (ACS) this spring or next fall.

The four Alaskan oils selected for phase 1 of this study were Drift
River crude from Cook Inlet, Endicott and Pt. McIntyre crudes from the
North Slope, and IF-30 fuel oil, which is similar to no. 4 fuel oil and is
commonly used to bunker vessels. The IF-30 was mixed at the labora-
tory in a ratio of three parts Bunker C fuel oil to one part middle-distil-
late cutter oil. The burn tests in waves for phase 2 were conducted using
Alaska North Slope crude oil obtained in Prudhoe Bay from Pump Sta-
tion Number 1 on the Trans-Alaska Pipeline System. The oil/water
interfacial tension of the crude was checked to confirm that it had not
been highly dosed with surfactant.

Emulsion formation tendency and stability

The results from the emulsion tendency and stability testing for the
four Alaskan oils are presented in a previous paper (Buist et al., 1996).
All the oils were found to have a high tendency to form emulsions under
the test conditions; furthermore, all emulsions were very stable except
those formed by the fresh Pt. McIntyre crude and the fresh Drift River.

Emulsion breaker effectiveness

The results from the emulsion breaker effectiveness tests are also
given in the earlier paper. The results indicate that, overall, EXO-0894
was the most effective at breaking the emulsions.
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Baseline burns with no waves

Forty-two baseline burns were conducted to determine the limits to
ignition and burning of 2-cm-thick slicks of the emulsified Alaskan oils.
Tests were conducted in a 40-cm-diameter steel ring floated in the mid-
dle of a 11 m 3 1.2 m 3 1.2 m (L 3 H 3 W) wind-wave tank filled with
water to a depth of 85 cm. The smoke from the burns was removed with
a fume hood suspended 1.5 m above the steel ring. Initially burns were
conducted at a tank water temperature of 3°C; later the temperature was
increased to 15°C to determine the effect of temperature on the ignitabil-
ity limits.

The following sequence of ignition sources was followed until the
slick was successfully lit:

1. Preweighed amount of Heli-torch gelled igniter fuel (75% gaso-
line:25% fresh ANS crude)

2. 1-mm layer of fresh crude as primer
3. 2-mm layer of fresh crude as primer

Table 1 summarizes the results of these tests. Full data may be found in
the previous paper. The fresh Drift River crude emulsion was ignitable,
even with a 60% water content. The 24% volume evaporated crude had
a maximum ignitable water content of 25% at 3°C, but the 60% water
emulsion could be ignited at 15°C. Only 25% water emulsions of the
35% evaporated Drift River crude could be ignited.

The maximum ignitable water content of the fresh Endicott crude was
25% at 3°C but increased to 60% at 15°C. The evaporated Endicott
crude was ignitable only up to 25% water. The fresh and 9% evaporated
Pt. McIntyre crude had a maximum ignitable water content of 25% at
both test temperatures. Only 12.5% water emulsions of the 18% evapo-
rated Pt. McIntyre crude could be ignited. The IF-30 fuel oil had maxi-
mum ignitable water content of 25% at 3°C; although the same proce-
dure was followed, the 25% fuel oil emulsion could not be ignited at
15°C.

Emulsion breaker burns with no waves

A total of 27 emulsion breaker burns were conducted with emulsions
that were found to be unignitable during the baseline burn tests. The
emulsion breaker EXO-0894 was used for the majority of the burn tests.
A measured dose (5 mL or 1:500 demulsifier to emulsion) was added
dropwise to the surface of the slick, then mixed gently with a small stir
stick. The treated slick was then allowed to break for 45 minutes prior
to ignition. For comparison, higher temperature burns were conducted
with Alcopol and EXO-0894 on Endicott emulsions and with Breaxit
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and EXO-0894 on Pt. McIntyre emulsions. (The emulsion breaker effec-
tiveness test indicated that better results were possible using Alcopol
with some Endicott emulsions and Breaxit with some Pt. McIntyre
emulsions.) The full data sets for the emulsion breaker burns may be
found in the previous paper (Buist et al., 1996).

Table 2 summarizes the results of these tests. The addition of the
emulsion breaker EXO-0894 increased the burnable water content from
25% to 60% for both evaporated Drift River crude oils at 3°C. With
Endicott crude, the emulsion breaker increased the maximum ignitable
water content from 25% to 60% for both the fresh and 9% evaporated
oil. The Alcopol emulsion breaker worked just as well with the Endi-
cott. The emulsion breakers had no effect on the ignition of the 17%
evaporated Endicott crude. The application of the emulsion breaker con-
siderably extended the limits to ignition of Endicott crude emulsions,
although a limit still existed. It should be kept in mind that, in the real
world, slicks of Endicott crude would begin to emulsify immediately on
being spilled. The formation of the emulsion would be fairly rapid (a
few hours perhaps) and, once a high water content was reached, the slick
would become unignitable. Evaporation of the oil would also slow con-
siderably at this point. The formation of a 60% water content emulsion
can increase the time required for the parent oil to reach a given level of
evaporation by a factor of 5 to 10 (Ross and Buist, 1995). Adding emul-
sion breakers could allow ignition of fully emulsified slicks of 9% evap-
orated oil and effectively increase the available response time for ISB
operations from less than a day to a week.

The emulsion breakers had little effect on the Pt. McIntyre crude, only
increasing the ignition limit from 25% to 40% water for the fresh oil. It
is possible that other emulsion breaker formulations or different dosages
would result in better effectiveness with the Pt. McIntyre crude. The
addition of the emulsion breaker enabled the ignition of the 40% water
IF-30 emulsion. The 60% water emulsion was not stable and could not
be tested.

Burns in waves

The small-scale study of burning ANS oil and emulsions in waves
was conducted in the same tank using the same basic procedures as out-
lined in text preceding, except that the wave generator was turned on
immediately after the slick was fully on fire. The parameters that were
varied during phase 2 were degree of evaporation, initial slick thickness,
emulsion water content, and wave energy.

Three wave settings were used in phase 2: high energy, low energy,
and calm (i.e., no waves). Water temperature was between 11°C 
and 14°C throughout the tests. Waves were produced at one end of the
test tank with a paddle board powered by a variable speed electric motor.
A wave absorber was located at the other end of the tank to dissipate
wave energy and reduce wave reflection. The characteristics of the
waves produced are given in Table 3. It is not possible to translate these
to equivalent conditions at sea. Wave steepness (height/wavelength)
was used to quantify the wave conditions, with a higher wave steepness

Table 1. Baseline burn results

Evaporation Maximum ignitable H2O 
Oil type (% volume) (% water in emulsion)

Drift River crude Fresh 24% 60% @ 3°C
25% @ 3°C
60% @ 15°C

35% 25% @ 3°C
25% @ 15°C

Endicott crude Fresh 25% @ 3°C
60% @ 15°C

9% and 17% 25% @ 3°C
25% @ 15°C

Pt. McIntyre crude Fresh 25% @ 3°C
25% @ 15°C

9% 25% @ 3°C
25% @ 15°C

18% 12.5% @ 3°C
12.5% @ 15°C

IF-30 fuel oil Fresh 25% @ 3°C
,25% @ 15°C

Table 2. Emulsion breaker burn results

Evaporation Increase in ignitable H2O 
Oil type (% volume) (% water in emulsion)

Drift River crude Fresh Still 60% @ 3°C
24% From 25% to 60% @ 3°C
35% From 25% to 60% @ 3°C

Endicott crude Fresh From 25% to 60% @ 3°C
9% From 25% to 60% @ 3°C
17% Still 25% @ 3° and 15°C

Pt. McIntyre crude Fresh From 25% to 40% @ 3°C
9% Still 25% @ 3° and 15°C
18% From 12.5% to 25% @ 3°C

From 12.5% to 25% @ 15°C
IF-30 fuel oil Fresh From 25% to 40% @ 3°C 

(60% emulsion not stable)



corresponding to a higher wave energy. For each test the burn time, 
efficiency, rate, and amount of residue were plotted against wave 
steepness.

Burns with water-free oil slicks in waves.For fresh ANS crude, the
burn rate (Figure 1A) was not appreciably affected by waves for thin
slicks (2 and 5 mm); however, for the 10 and 20 mm slicks, burn rate
increased with increasing wave steepness. Burn time (see Figure 1B)
decreased with increasing wave steepness; the effect was more pro-
nounced as slick thickness increased. Burn efficiency (see Figure 1C)
was little affected by waves; however, the amount of residue remaining
after a burn (see Figure 1D) increased appreciably with increasing wave
steepness. The increase in residue mass was only a small percent of the
initial oil mass.
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The results of the tests with the 10.3% evaporated ANS are shown in
Figure 2. The burn rate (see Figure 2A) remained fairly constant with
increasing wave steepness for the 5-, 10-, and 20-mm slicks. For the 
2-mm-thick slick, the trend is not clear because of scatter, although the
high wave energy did produce a sharp decrease in burn rate. Burn time
(see Figure 2B) was not affected by increasing wave steepness for all
slick thicknesses. The burn efficiency results (see Figure 2C) were dif-
ficult to interpret; the efficiency for the 5- and 10-mm slicks showed a
slight decrease with increasing wave steepness. For the 2-mm slicks, the
efficiency increased from calm to low wave energy, then sharply
decreased at high wave energy. This may represent the approach of a
limit to burning of this thickness and degree of weathering. The oppo-
site occurred with the 20-mm slicks: efficiency decreased from calm to
low wave energy and then increased at high wave energy. The amount
of residue remaining after a burn was almost constant for the 2-, 5-, and
10-mm burns, but increased substantially for the 20-mm slick at low
wave energy.

For burns using 15% weathered ANS crude, the burn rate (Figure 3A)
generally increased with increasing wave steepness (2-mm slicks were
not tested since they were found to be unignitable). Burn time (see Fig-
ure 3B) was not appreciably affected by wave steepness for the 5-mm
slicks, and was only slightly reduced for the 10-mm slicks; the 20-mm
slicks showed a definite decrease in burn time with increasing wave
steepness. The effect of waves on burn efficiency (see Figure 3C)
appeared to be one of decreasing efficiency with increasing steepness.
The amount of residue remaining also showed a high degree of scatter;
however, a trend of increasing residue with increasing wave steepness
seems apparent.

For the 26.6% weathered ANS crude (again, 2-mm slicks were not
tested), the burn rate (Figure 4A) increased with increasing wave steep-
ness for both the 10- and 20-mm burns. Results for the 5-mm slicks
showed an increase in burn rate from calm to low wave energy, but a
sharp decrease for high-energy waves. This may represent the approach
of a limit to burning of this thickness and degree of weathering, or it may

Table 3. Wave properties

Wave energy level

Property Calm Low High

Height (H, cm) 0 9 to 11 14 to 15
Period (s) 0 2 1.25
Wavelength (l, cm) 3.3 2.0
Velocity1 (c, m/s) 0 1.2 1.7
Steepness (H/l) 0 0.03 0.075
Energy2 (E, J/m2) 0 122.5 183.8

1. Phase velocity: c2 5 g(1 2 ra/rw)tanh(kh)/k
where: ra 5 density of air (kg/m3)

rw 5 density of water (kg/m3)
k 5 2p/l (m21)
g 5 force of gravity (N/kg)

2. Energy: E 5 rwg(H/2)2/4

Figure 1. Fresh ANS burns in waves



Figure 2. 10.3% evaporated ANS burns in waves

Figure 3. 15% evaporated ANS burns in waves



Figure 5. 10.3%* evaporated ANS emulsion burns in waves (20-mm slicks)

Figure 4. 26.6% evaporated ANS burns in waves



Figure 6. 29.1%* evaporated ANS emulsion burns in waves (20-mm slicks)

be as a result of experimental error. The burn times (see Figure 4B) for
the 5- and 10-mm slicks decreased slightly with increased wave steep-
ness; the burn time for the 20-mm slicks decreased significantly with
increasing waves. Burn efficiency (see Figure 4C) decreased with
increasing wave steepness for all slick thicknesses. Likewise, the
amount of burn residue remaining (Figure 4d) increased with increasing
wave energy.

Effects of waves on the burning of emulsified ANS crude. A total
of 19 burns were performed to investigate the effects of waves on the
burning of emulsified slicks. The parameters varied included degree of
weathering, emulsion water content, and wave energy. A slick thickness
of 20 mm and a water temperature of 3°C were used for all burns. For
both weathered oils, water content was increased in a stepwise manner
until the emulsion was deemed unignitable.

The results of the wave burn tests for the 10.3% evaporated emulsi-
fied ANS at various water contents are shown in Figure 5. The oil burn
rate (see Figure 5A) decreased with increasing wave steepness for the
water-free, the 12.5%, and the 25% water slicks. Burn time (see Figure
5B) remained relatively constant for the water-free and 12.5% water
emulsion slicks; a sharp increase in burn time from calm to low waves
was observed for the 25% water content emulsions. The burn efficiency
(see Figure 5C) results were scattered and difficult to interpret; the 25%
water content emulsion did show a steady increase in burn efficiency
with increasing wave energy. A similar and related trend can be seen in
the amount of residue remaining (see Figure 5D).

The results of the burn tests in waves with emulsions of 29.1% evap-
orated ANS of various water contents are shown in Figure 6. The oil
burn rate (see Figure 6A) for the water-free oil increased with increas-
ing wave steepness, showed no change for the 12.5% water content, and
was zero in waves for the 25% water content (indicative of a successful
ignition, but a very poor burn). Burn time (see Figure 6B) decreased
slightly with increasing wave steepness for the water-free slicks and

remained relatively constant for the 12.5% water emulsion slicks;
decreases in burn times with increasing wave steepness were measured
for the 25% water content emulsions. The burn efficiency (see Figure
6C) was slightly reduced by waves in the case of the water-free oil and
increased for the 12.5% water content emulsion. An efficiency of zero
was found in waves for the 25% water content emulsion. A similar trend
can be seen in the amount of residue remaining (see Figure 6D).

Emulsion breaker burns in waves.This task evaluated the ability
of the chemical emulsion breaker EXO 0894 to extend the ignitability
of the ANS emulsions in wave conditions. The tests involved spraying
emulsion breaker onto otherwise unignitable emulsions of ANS crude
and then igniting them with conventional or alternative gelled fuels.
Both manual and wave-induced mixing of the chemical into the emul-
sion were tested. In both cases, chemical application was followed by a
settling time of 45 minutes at the desired wave setting. A slick thickness
of 20 mm and a water temperature of 3°C was used for all burns. A total
of 21 emulsion breaker burns were performed.

Figure 7 shows burn test results when the emulsion breaker was man-
ually mixed with the 10.3% evaporated emulsified ANS at 40% and
60% water content. Manual mixing of EXO 0894 into the emulsion was
successful in promoting the ignition of both the 40% and 60% water
content emulsions, which were otherwise unignitable, under all wave
conditions. The 40% water content emulsion showed positive results as
burn rate (see Figure 7A) steadily increased with increasing wave steep-
ness. The burn rate of the 60% water content emulsion was the same at
the calm and high wave settings (approximately 0.6 mm oil per mm),
but was inexplicably zero at the low wave setting (indicating a poor
burn). Burn times (see Figure 7B) decreased substantially with increas-
ing wave steepness for the 40% water content but remained fairly con-
stant for the 60% water content. Burn efficiency (see Figure 7C) and
burn residue (see Figure 7D) remained constant for the 40% water con-
tent, but, for the 60% water content, burn efficiency sharply decreased
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Figure 7. 10.3% evaporated ANS in waves with emulsion breaker manually mixed (20-mm slicks)

and the mass of burn residue sharply increased with increasing wave
steepness.

Figure 8 shows the results for the same emulsions with only wave
energy to mix the emulsion breaker. The burn rate (see Figure 8A) was
zero in calm conditions (demonstrating the need for energy to mix the
emulsion breaker). In waves the results were better, though not as good
as those achieved with manual mixing. Burn efficiency (see Figure 8C)
was also zero under calm conditions and increased with increasing wave
steepness. The results for the 60% water content burn in low waves were
nearly identical to those obtained with manual mixing. The 60% water
content emulsion burns in high waves were inconclusive since, under
these conditions, the emulsion could not be retained within the burn
ring. Rather, it tended to disperse into the water column.

Figure 9 shows the results for manually mixed emulsion breaker with
the most highly weathered ANS emulsions. Manual mixing of EXO
0894 into the emulsion was successful in promoting the ignition of the
25% water content emulsions under calm and low wave conditions, but
not under high wave conditions. The 40% water content emulsion could
just barely be ignited in calm and low wave conditions, and burned
poorly. The 60% water content emulsion was found to be unignitable for
all wave conditions. It seems that a 25% water content emulsion may be
at the limit of the effectiveness of EXO 0894 under wave conditions for
the 29.1% weathered oil. Wave-induced mixing of the emulsion breaker
was also attempted with the 29.1% weathered oil, but it dispersed into
the water column before ignition could be attempted.

Discussion and summary

As expected, the ignition and burning of all four oils selected for
phase 1 of this study were limited by the formation of water-in-oil emul-
sions. As has been noted in other studies, the burning of emulsions in
situ was found to be oil-specific, with some oils (e.g., Drift River) being

much easier to ignite and burn than others (e.g., Pt. McIntyre). Evapo-
ration also appears to play a strong role in emulsion burning; increased
weathering decreased ignitability and burn efficiency. Increased water
content also reduced ignitability, oil burn rate, and burn efficiency.

The application of chemical breakers to emulsions of the four oils
extended the limits of ignition and burnability. The chemical EXO-0894
appeared to be the best of the three tested on the four oils, although the
others may be equally suitable, or better, for certain emulsions. The effi-
cacy of emulsion breaker addition in extending the limits of ignition and
efficient burning also appears to be oil-related (and perhaps, to a lesser
extent, breaker-related). The use of EXO-0894 considerably extended
the limits for some oils (e.g., Drift River) but only had a marginal effect
on others (e.g., Pt. McIntyre). There are likely two reasons for this: the
first is the form of the emulsion. For those situations where the emulsion
breaker did not greatly increase the limits of burning, the parent oil was
viscous and the emulsion was a highly viscous, near-solid gel when
poured onto the water. Even after the manual mixing of the emulsion
breaker with a stir stick, it was visually apparent that little was happen-
ing over the 45-minute settling period. Thus the ineffectiveness of 
the breaker may be related to its inability to penetrate into and act on 
viscous, semisolid emulsions. It should also be kept in mind that the
emulsions used in these experiments were intentionally created to be
very stable.

The second possible reason for the ineffectiveness of the breaker on
the four oils in the first part of the study was that the tests were per-
formed in quiescent conditions. The presence of wave action following
emulsion breaker application will enhance mixing of the chemical and
emulsion and thus accelerate the breaking process, as shown with ANS
crude in the second part of the study. Static tests may not be the ideal
measure of the efficacy of emulsion breaker addition in improving the
in-situ burning of emulsions.

In-situ burning of the emulsions was also sensitive to ambient tem-
perature. Generally, as temperatures increased, ignition of emulsions
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Figure 8. 10.3% evaporated ANS in waves with emulsion breaker naturally mixed (20-mm slicks)

Figure 9. 29.1% evaporated ANS in waves with emulsion breaker manually mixed (20-mm slicks)



became easier and burn efficiency increased. This effect appears to be
oil-specific, since temperature increases had large effects on the burn-
ing of emulsions of some oils (e.g., Drift River and Endicott) but almost
no effect on others (e.g., Pt. McIntyre). It is not clear what properties of
the emulsions control this behavior, although vapor pressure and vis-
cosity are likely candidates.

The results indicate that, for unemulsified oils, increases in wave
energy tended to increase the burn rate of thicker slicks (10 to 20 mm)
of fresh and weathered ANS, but generally had little effect on the burn
rate of the thinner slicks (2 to 5 mm). This trend may be related to an
increase in heat transfer through the slick caused by wave action, which
results in an increase in the burn rate. It may also be a result of wave-
induced mixing of fresh oil up to the surface of the slick. Burn times gen-
erally decreased and the mass of burn residue amounts generally
increased with increasing wave steepness for all slick thicknesses and
degrees of evaporation. These results may relate to enhanced heat trans-
fer through the slick caused by wave action, resulting in more rapid
cooling of the slick and earlier extinction. It may also be a result of
wave-induced mixing action depleting the light ends of the remaining
slick, and thus raising its fire point, faster than in a quiescent situation;
the result would be quicker extinction. Finally, burn efficiency appears
to be reduced (i.e., the amount of residue remaining increased) by 
wave action. This effect appears to be magnified by increasing levels of
evaporation.

For ignitable emulsions of 10.3% and 29.1% evaporated ANS crude,
increases in wave energy tended to decrease the burn rate of the 10.3%
evaporated emulsions and had little effect on burn rate for the 29.1%
evaporated emulsions. Increases in wave steepness did not significantly
affect burn rate for low-water-content emulsions (12.5%) but tended to
decrease burn rate for the higher-water-content (25%) emulsions, with
the effect being more pronounced at higher degrees of weathering. Also,
for both the 10.3% and 29.1% evaporated oils, the burn rate decreased
steadily with increasing water content at constant wave steepness. This
may be related to an increase in heat transfer through the slick caused
by the increase in water content. Burn times, burn efficiency, and burn
residue amounts were difficult to correlate.

For the emulsion breaker burns of unignitable emulsified oils of
10.3% and 29.1% evaporated ANS, the addition of EXO 0894 was 
successful in promoting the ignition of emulsions in wave conditions.
Manual mixing of the emulsion breaker chemical was found to be 
somewhat more effective than mixing of the emulsion breaker with wave
action alone. The results indicate that mixing energy supplied, either
manually or by the waves, is necessary for the emulsion breaker to work.
For the 10.3% evaporated ANS, both the 40% and 60% water content
emulsions burned successfully in waves. It is extremely encouraging that
the 60% water content emulsion of 10.3% weathered ANS was success-
fully ignited and burned in waves with the addition of a chemical emul-
sion breaker. The addition of EXO 0894 to the 29.1% evaporated ANS
emulsions was not very effective in extending the ignition limits.
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