FINALL REPORT

RESEARCH ON USING OIL HERDING AGENTS FOR RAPID

RESPONSE IN SITU BURNING OF OIL SLICKS ON OPEN WATER

for:
U.S. Department of the Interior
Bureau of Safety and Environmental Enforcement
Qil Spill Response Research (OSRR) Program
Herndon, VA

by:
S.L. Ross Environmental Research Ltd.

Ottawa, ON

February 28, 2012



Final Report

on

RESEARCH ON USING OIL HERDING AGENTS FOR RAPID

RESPONSE /N SITU BURNING OF OIL SLICKS ON OPEN WATER

for

United States Department of the Interior
Bureau of Safety and Environmental Enforcement
Oil Spill Response Research (OSRR) Program
Herndon, VA

by
SL Ross Environmental Research

Ottawa, ON

February 28, 2012

This study was funded by the Bureau of Safety and Environmental Enforcement, U.S.
Department of the Interior, Washington, DC (BSEE) through Contract Number E12PC00004

This report has been reviewed by the Bureau of Safety and Environmental Enforcement and

approved for publication. Approval does not signify that the contents necessarily reflect the

views and policies of the Service, nor does mention of trade names or commercial products
constitute endorsement or recommendation for use.



Executive Summary

As aresult of the experimental success to date thickening slicks for in sifu burning in drift ice a
research program was carried out to explore the use of herding agents for in situ burning in open
water conditions as a rapid-response technique for oil spills offshore. The research was
conducted in two parts: the first involved laboratory testing to identify the best herding agent(s)
for warmer water conditions; the second involved experiments at Ohmsett to quantify the
persistence of the herder monolayer in waves.

The suitability of the best cold-water herders for warmer water conditions was investigated in the
SL Ross laboratory. A series of comparative tests was conducted with hydrocarbon-based and
silicone herders in 1-m? pans, a 10-m” pool, small pans mounted on a rocking shaker, and in the
SL Ross wind/wave tank, including small in situ burn tests.

In the warm-water laboratory herding tests the Silsurf A108, Silsurf A004-D and non-proprietary
hydrocarbon-based US Navy cold-water (USN) herders performed best. The two silicone-based
herders retained a small burning crude oil slick and achieved burn efficiencies as good as or
better than the USN herder.

Surfactant film persistence (i.e., how long the monolayer generated by a specific herding agent
will last as a function of sea state) and to what degree periodically replenishing the film can
counteract this was investigated in an 8-day test program at Ohmsett. The experiments took
advantage of the facility’s newly upgraded wave making capabilities.

A total of 11 experiments were completed with three herding agents (USN, Silsurf A108 and
Silsurf A004-D) in three wave conditions: calm, swell, and breaking waves.

Based on visual observations of the Ohmsett tests the following conclusions were drawn:

e The monolayer of each of the two best herders will survive for 45 minutes or more in a
calm sea (the Ohmsett tests were terminated when the slicks reached the end of the tank).

e The presence of breaking or cresting waves rapidly disrupts the herder monolayer and the
oil slick resulting in many small slicklets.

e The monolayer survives for considerable periods of time in a swell condition, but the
constant stretching and contracting of the herded slick results in elongating the oil slick
and slowly breaking the slick into smaller segments.

e The Silsurf A108 herder performed noticeably better than the other two herders in all test
conditions.

It was recommended that:

e Work should begin on commercializing the USN and silicone herders, including getting
them listed on the EPA NCP Product Schedule and developing suitable application
systems.

e The use of the USN and silicone herders to thicken slicks in open water conditions for in
situ burning should be included in plans for future offshore oil spill response field trials.

e (Consideration should be given to how herders could be employed to improve offshore
skimming encounter rates in suitable open water conditions.
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1 Introduction

Since 2004, the main goal of the research on herders has been to determine their efficacy at
enhancing in situ burning in ice concentrations too low for natural containment of the oil slick by
the ice itself (ice concentrations between <10% and 60%). In the research on herders in drift ice
a considerable number of the experiments were performed in open water or trace ice conditions
as an integral part of each experiment matrix, certainly enough to know that they will work quite

well to thicken slicks for efficient in situ burning on quiescent cold seawater.

Herders were studied in the 1970’s as an open water oil spill response technique but the goal
then was to provide containment for mechanical recovery. In this original application herders
were limited to relatively calm conditions because the herder itself dissipated quickly in higher
energy sea conditions allowing the slick to re-spread. This dissipation occurred over periods of
tens of minutes, which wasn’t enough time to allow skimming of the herded slick. In situ
burning is a process that only requires minutes to initiate and complete. Once ignited, the air
being drawn into a large in situ oil fire by the combustion process will also contain the burning
slick and thicken it further. Thus, there is great potential that in situ burning enhanced by
chemical herders can be a very effective rapid response technique in ice-free waters — both in the
Arctic and in temperate regions. However, there remain two issues requiring further study:

1. Suitability of herders for warmer water conditions; and,

2. Surfactant film persistence in open water sea conditions.

2 Background

The use of specific chemical surface-active agents, sometimes called oil herders or oil collecting
agents, to clear and contain oil slicks on an open water surface is well known (Garrett and
Barger, 1972; Rijkwaterstaat, 1974; Pope et al., 1985; MSRC, 1995). These agents have the
ability to spread rapidly over a water surface into a monomolecular layer, as a result of their high
spreading coefficients, or spreading pressures. The best herding agents have spreading pressures
in the mid-40 mN/m range, whereas most crude oils have spreading pressures in the 10 to 20-

mN/m range. Consequently, small quantities of these surfactants (about 5 L per kilometre or 50



g/m”) will quickly clear thin films of oil from large areas of water surface, contracting the oil into

thicker slicks.

Herders sprayed onto the water surrounding an oil slick result in formation of a monolayer of
surfactants on the water surface. These surfactants reduce the surface tension of the surrounding
water significantly (from 73 mN/m to 25-30 mN/m). When the surfactant monolayer reaches the
edge of a thin oil slick it changes the balance of interfacial forces acting on the slick edge and
causes the oil/water and oil/air interfacial tensions to contract the oil into thicker layers. Herders
do not require a boundary to “push against” and work in open (boundary free) water. A
conceptual drawing of the herding process in pack ice is shown in Figure 1. Although
commercialized in the 1970s herders ultimately they were not used offshore because they only
worked in very calm conditions: physical containment booms were still needed to hold or divert

slicks in wind speeds above 2 m/s and breaking waves disrupted the herder layer.

2.1 Past Research on Herders to Thicken Oil for Burning

The key to effective in situ burning is thick oil slicks. Concentrated pack ice can enable in situ
burning by keeping slicks thick. In loose pack ice conditions oil spills can rapidly spread to
become too thin to ignite. Fire booms can collect and keep slicks thick in open water; however,

field deployment tests of booms and skimmers in pack ice conditions in the Alaskan Beaufort

Herders
sprayed on
water around
perimeter of
slick

Herders rapidly
spread to form
monolayer

Herders change
surface chemistry
of water forcing
slick into smaller
area

Figure 1. Conceptual drawing depicting the herding process in drift ice.



Sea highlighted the severe limitations of booms in even trace concentrations of drift ice (Bronson

et al., 2002). If slicks could be thickened to the 2- to 5-mm range in drift ice (less than 6 to 7

tenths coverage), even with no possibility of physical booming, effective burns could be carried

out (SL Ross 2003). For application in loose pack ice, the intention is to herd freely-drifting oil

slicks to a burnable thickness, then ignite them with a Helitorch. The herders will work in

conjunction with the limited containment provided by the ice to allow a longer window of

opportunity for burning.

A comprehensive, multi-year, multi-partner research program to study the use of chemical

herding agents to thicken oil slicks in order to ignite and burn the oil in situ in loose pack ice has

been underway since 2004. The program has included:

1.

A very small scale (1 m?) preliminary assessment of a shoreline-cleaning agent with oil
herding properties was carried out to assess its ability to herd oil on cold water and
among ice (SL Ross 2004).

Small-scale experiments to explore the relative effectiveness of three oil-herding agents
in simulated ice conditions; larger scale (10 m?) quiescent pan experiments to explore
scaling effects; small-scale (2 to 6 m”) wind/wave tank testing to investigate wind and
wave effects on herding efficiency; and, small ignition and burn tests (SL Ross 2005).
Experiments at the scale of 100 m” in the indoor Ice Engineering Research Facility Test
Basin at the US Army Cold Regions Research and Engineering Laboratory (CRREL) in
November 2005 (SL Ross 2005).

Experiments at the scale of 1000 m” at Ohmsett in artificial pack ice in February 2006
(SL Ross 2005).

A series of 20 burn experiments at the scale of 30 m” with herders and crude oil in a
specially prepared test basin containing broken sea ice in November 2006 at the Fire
Training Grounds in Prudhoe Bay, AK (SL Ross 2005).

Field tests of a herder in pack ice in the Barents Sea in 2008 (Buist ez al. 2010a)
Studies on better herding surfactants (Buist ez al. 2010b).

Research on improving other marine spill countermeasures with herders (Buist ef al.

2010c).



The U.S. Navy cold-water herder formulation (65% Span-20 and 35% 2-ethyl butanol) used in
the earlier experiments (SL Ross 2004, 2005 and 2007) proved effective in significantly
contracting fluid crude and refined oil slicks in brash and slush ice concentrations of up to 70%
ice coverage. Slick thicknesses in excess of 3 mm, the minimum required for ignition of
weathered oil in situ, were routinely achieved. The presence of frazil ice restricted the spreading
of the oil and the effectiveness of the herder. Short, choppy waves in the test ice caused a herded
slick to break up into small slicklets, although this may be an artifact of the relatively small
volumes of oil used in the experiments. Longer, non-breaking waves, simulating a swell in pack
ice, did not appear to cause a herded slick to break up, and in fact may have assisted the process

by promoting spreading of the herder over water to the slick’s edge.

Application of the herder to the water prior to the oil being spilled resulted in thicker slicks than
post-spill application. This approach might be used in the event of a chronic spill event in pack

ice conditions, such as a blowout or a pipeline leak.

Otherwise unignitable crude oil slicks that were contracted by the USN herder could be ignited
and burned in situ in both brash and slush ice conditions at air temperatures as low as —17°C.
Measured oil removal efficiencies for herded slicks averaged 50% for 7.5-L slicks and 70% for
15-L slicks. The efficiencies measured for the herded slicks were only slightly less than the
theoretical maximums achievable for equivalent-sized, mechanically contained slicks on open

water. The type of ice (brash or slush) did not significantly affect the burn efficiency.

When ignited, the herded slicks did spread slightly, but once the flames began to die down, the
residue was re-herded by the agent remaining on the water surrounding the slick. Generally, it
was not possible to reignite re-herded residue. Steeper, cresting waves detracted from the burn
efficiency while longer, non-breaking waves did not. The oil removal rate for the slicks was in

the range expected for equivalent-sized, mechanically contained slicks on open water.

In the spring of 2008 a field trial was carried out in pack ice east of Svalbard involving the
release of 630 L of fresh crude onto water in a large lead. The free-drifting oil was allowed to

spread for 15 minutes until it was far too thin to ignite, and then USN herder was applied around



the slick periphery. The slick contracted and thickened for 20 minutes at which time the upwind
end was ignited. A 9-minute burn ensued that consumed an estimated 90% of the oil (Serstrom et

al. 2010).

In an attempt to further improve the herder technique, in 2008 and 2009, a series of laboratory
tests and ice-basin tests were carried out to compare the efficacy of several silicone-based
surfactants (superwetters) as potential oil slick herding agents to the results obtained with the
USN (Buist et al. 2010b). Silicone surfactants are known to be more effective than hydrocarbon-

based surfactants in other applications.

The best silicone-based herder of the three tested significantly outperformed the USN herder in
most tests with similar conditions. These tests only evaluated the herding capability of the
silicone herders — the slicks weren’t ignited. Recent experiments in the lab confirmed the ability

of the silicone herders to hold a burning slick as well as the USN herder does.

3 Objective

The objective of this research was to evaluate the feasibility of using herders to enable in situ
burning as a rapid-response technique in open water. Specifically, the goals of the research were
to:
1. Experiment in the laboratory with the USN herder formulation and the best silicone
herder formulation to find the most effective product for warmer water temperatures.
2. Conduct experiments at Ohmsett to determine the persistence of the herder monolayer in

realistic waves.

4 Study Approach

The research was conducted in two parts: the first involved laboratory testing to identify the best
herding agent(s) for warmer water conditions; the second involved experiments at Ohmsett to

quantify the persistence of the herder monolayer in waves.



4.1 Herding Agents for Warmer Open Water

The suitability of the best cold-water herders for warmer water conditions was investigated in the
SL Ross laboratory. They were tested against reportedly superior surfactant/solvent
combinations at room temperature identified in the original US Navy study (Garret and Barger
1972) and a previously available hydrocarbon-based herder recipe (Exxon’s Oil Collector 5, or
OC-5). Performance data on the silicone-based herders in warmer waters was also collected. A
series of comparative tests was conducted with hydrocarbon-based and silicone herders in 1-m?
pans (Figure 2); a 10-m? pool (Figure 3); Dynamic Film Performance (DFP) tests in small pans
on a rocking shaker (Figure 4); and, small in sifu burn tests in a wind/wave tank (Figure 5).
Overhead digital photographs were taken and analyzed by computer to determine herder

effectiveness. Small-scale (= 40 cm diameter) burn tests were also conducted with the best

herders identified for warm water to confirm their suitability.

Figure 4. Rocking shaker for DFP tests. Figure 5. Herded slick burning in wind/wave tank
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4.2 Ohmsett Testing of Herder Persistence in Waves

Surfactant film persistence (i.e., how long the monolayer will last as a function of sea state) and
to what degree periodically replenishing the film can counteract this were investigated in an
experimental program at Ohmsett, taking advantage of the facility’s newly upgraded wave
making capabilities. Although waves generated in the Ohmsett tank do not exactly mimic ocean
waves, recent studies of Ohmsett waves show that they can be related to seas in the early stages
of development (Veron et al. 2009). The results of experiments on herder monolayer persistence
in different wave environments at Ohmsett, combined with historic offshore experiment data,

will be useful in predicting persistence at sea.

5 Laboratory Experiments

The goal of the laboratory tests was to experiment in the laboratory with the USN herder
formulations, OC-5 and the best silicone herder formulations to find the most effective product

for warmer water temperatures.

5.1 Laboratory Experiment Methods

The laboratory test plan may be found in Appendix 1. The first series of experiments involved
thirty 1-m” pan tests to evaluate the various herders’ performance on warm water. Salinity was
included as a variable because it can have an effect on herder effectiveness. The following
parameters were varied in these experiments:

o Five candidate warm-water herders

1. The original USN cold water blend (65% sorbitan monolaurate [aka Span-20] and
35% 2-ethyl butanol)

2. A warm-water herder blend suggested in the original US Navy study, denoted
here as USNgmo (75% sorbitan monooleate [aka Span-80] and 25% 2-ethyl
butanol)

3. Silsurf A108

4. Silsurf A004D

5. OC-5 [the old Exxon Oil Collector]

o One ambient temperature (= 20°C)

Two water salinities (0 and 35%o)

o Three oil types: Kuparuk and ANS crudes and a No. 2 fuel oil (dyed with 2% Bunker C
for better visibility).

©)
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The general procedure for a 1-m” pan experiment was:

1.

2.

6.

7.

Place 20 L (a depth of 2 cm) of room-temperature water in each 1-m? pan (Figure 2
above) lined with freshly rinsed (with tap water) new plastic film.

Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using a DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, replace the water and film and retry.

Carefully pour 1 L of the crude on the water; making sure that it doesn’t stick to the
bottom of the tray while being poured.

Allow the oil to spread to equilibrium and take a digital photograph from overhead for
subsequent oil area analysis.

Apply prescribed amount (150 pL) of herding agent to open water area with
micropipette.

Allow the oil to contract and take another digital photograph after one minute, 10
minutes, 30 minutes and 1 hour.

Empty water from pan, remove plastic film, dry with paper towels.

The slicks (including any oil sheen) in the photographs were corrected for perspective, converted

into black and white images using Paint Shop Pro (Figure 6) and then a computer program

(Image J) was used to count the number of black pixels. The area of the slick in the photograph

was then calculated by dividing the total number of black pixels by the number of pixels per

square inch in the original image. Average slick thickness was estimated by dividing the volume

of oil added originally by the calculated area.

The error in estimating area should be quite small, less than 5% taking into account parallax

errors at the sides of the pans. Errors in average slick thickness would increase as time

progressed, as evaporation losses were not taken into account, but in the quiescent lab

environment over the period of an hour would not likely exceed 10% (SL Ross 2004 and 2005).

Figure 6. Determining slick area using overhead digital photos.
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The next series of 8 tests are called Dynamic Film Performance (DFP) tests and were adapted
from experiments of the same name conducted in the original US Navy study (Garret and Barger
1972). These tests were performed in a double Rocking Shaker (Figure 4 above) with a rocking
angle of 6° and a frequency of 0.25 Hz. The test matrix involved four herders (the USNgy,, herder
was not tested due to its poorer performance in the 1-m? tests) with Kuparuk and Endicott crude
on fresh water at room temperature. The procedure for a rocking shaker tray experiment was:

1. Place 1.115 L of room-temperature water (= 2 cm deep) in each of two trays (18 cm wide
x 28 cm long) and allow them to equilibrate to the test temperature in the environmental
chamber.

2. Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, replace the water and retry.

3. Carefully place 50 mL of the test oil on the water, making sure that it doesn’t stick to the
bottom of the tray while being poured.

4. Allow the oil to spread to equilibrium and take a digital photograph from overhead for
subsequent oil area analysis.

5. Apply 5 to 10 uL of herding agent to an open water area with a micropipette (the target
dose for the herder is 7.5 pL based on a recommended treatment of 150 mg/mz; however,
it is impossible to deliver an accurate dose with the viscous herder which tends to form
discrete droplets at the end of the micropipette).

6. Allow the oil to contract and take another digital photograph after one minute.

7. Carefully place the trays on the rocking shaker and start shaker and timer.

8. After 10 minutes and 30 minutes, stop the shaker, gently remove the trays re-photograph
the slicks and replace the trays on the shaker.

9. Stop experiment after 1 hour, gently remove the trays re-photograph the slicks.

10. Remove and empty trays, clean with Alconox and hot water and rinse thoroughly with
hot water.

The oil and herder combinations to be tested at a scale of 10 m” and in the SL Ross wind/wave

tank were selected based on the results of the 1-m” and rocking shaker experiments.

Three 10-m” experiments were performed in a rectangular, plastic-lined wooden frame (2.98 m x
2.975 m x 9 cm high) lined with a new, rinsed sheet of 1-mil plastic film to ensure a clean,
uncontaminated surface (Figure 3 above). White plastic signboard was attached to the bottom of
the frame to increase the contrast in the photos between oil and water in the digital photos. Three
experiments were conducted with the USN, A004-D and A108 herders on fresh water at room

temperature using the Kuparuk crude.

13



The general procedure for a 10-m? pan experiment was:

1. Place 200 L (a depth of = 2 cm) of room-temperature fresh water in the 10-m? pool lined
with freshly rinsed (with tap water) new plastic film.

2. Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, replace the water and film and retry.

3. Carefully pour 2 L of the oil on the water, making sure that it doesn’t stick to the bottom
of the pool while being poured.

4. Allow the oil to spread to equilibrium and take a digital photograph from the rafters
overhead for subsequent oil area analysis.

5. Apply the prescribed amount (1.5 mL) of herding agent to open water area with
micropipette.

6. Allow the oil to contract and take another digital photograph after one minute, 10
minutes, 30 minutes and 1 hour.

7. Pump water from pool, remove plastic film, and replace film for next experiment.

Following the 10-m? pool tests, the three candidate herders were tested in the wind/wave tank for
monolayer persistence in waves. These were qualitative tests done in order to plan for the
Ohmsett tests, involving visually observing the behaviour of a herder slick in increasing wave
conditions. The general procedure for a wind/wave tank monolayer persistence experiment was:

1. Raise the floating barriers at either end of the test section and thoroughly clean the water
surface with sorbent pads to remove any oil or herder traces.

2. Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, reclean the test area.

3. Apply prescribed amount (400 pL) of herding agent to open water area with a
micropipette (herder added first to minimize oil spreading differences between tests).

4. Turn on the video.

5. Carefully pour 400 mL of the crude on the water; making sure that it doesn’t submerge
while being poured.

6. Allow the oil to spread to its herded equilibrium area.

7. Turn on the wave generator to produce non-breaking waves and turn on the fan to
counterbalance the wave drift.

8. After observing the slick behavior for several minutes, increase the wave generator to
produce more energetic waves.

9. When the herded slick begins to re-spread and sheen, stop wave generator, recover oil
and herder with sorbent pads.

The purpose of these tests was to compare a small-scale test burn using the silicone-based
herders with one using the USN herder, which has been tested in the field (Serstrem et al. 2010).
For the experiments, metal heat shields were installed along the inside walls of the wind/wave

tank, and the metal fume hood was swung over the burn area (Figure 5 above). A test area was
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created by isolating an area of water surface with floating barriers stretched from one side of the
tank to the other between the metal shields. The smoke from the burns was removed with a 200-
m’/min fan, through a 60-cm metal duct that is connected to the fume hood suspended 1 m above
the water surface. Each test was videotaped to record burn times. One test burn was performed
with each of three herders: USN, A004-D and A108. The general procedure for a test burn pan
experiment was:

1. Place 400 mL of fresh Alaska North Slope (ANS) crude into a graduated cylinder and
weigh it.

Apply 0.4 mL (150 mg/m?) of herding agent to the contained water surface.
Carefully pour the oil from the graduated cylinder onto the treated water surface.
Reweigh the graduated cylinder to obtaining the mass of oil added.

Start the video and then ignite the herded oil gently with a propane soldering torch.
After the slick has extinguished, recover the residue with pre-weighed sorbent.
Allow the sorbent to dry overnight to evaporate water (herding agent reduces the
hydrophobicity of oil sorbents) and weigh the sorbent to obtain the weight of residue
recovered.

8. Estimate the burn efficiency using Equation 1.

Nownbkwbd

Burn Efficiency [mass %] = _(Initial Oil Mass - Residue Mass) x 100% 1)
Initial Oil Mass

5.2 Laboratory Experiment Results

Each series of laboratory tests is presented and discussed below. Raw data from the laboratory

experiments may be found in Appendix 2.

5.2.1 1-m?Pan Tests
Figures 7, 8 and 9 present the 1-m? pan test results using Kuparuk crude, ANS crude and Fuel
Oil No. 2 respectively. Note that on Figure 7 there is no initial average slick thickness for the

A004-D herder in salt water due to camera failure.
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Small-scale pan tests - Kuparuk Crude on Fresh or Salt Water
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Figure 7. Results of 1-m” pan herding tests using Kuparuk crude.
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Small-scale pan tests - ANS Crude on Fresh or Salt Water
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Figure 8. Results of 1-m” pan herding tests using ANS crude.
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Small-scale pan tests - Fuel Oil #2 on Fresh or Salt Water
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Figure 9. Results of 1-m” pan herding tests using Fuel Oil No. 2.
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With the Kuparuk crude, the A108 and USN cold-water herder worked the best on fresh water
with the OC5 coming third, the USNy,, coming fourth and the A004-D the least effective. On
salt water, the A108 did a slightly better job initially than the USN cold-water herder but fell
below the performance of the USN cold-water herder over the one-hour test. The A004-D came
third and the USNg,, and OCS tied for least effective on salt water. In the tests with ANS crude
on fresh water the USN cold-water and OC-5 performed best, the A108 came third, the USNgp,
herder came fourth and the A004-D finished last. On salt water the

A004-D performed best, the A108 came second and the USN cold-water herder came third. The
USNgmo and OCS tied for least effective.

In the tests with Fuel Oil No. 2 on fresh water the contracted slicks produced by all the herders
were much thinner than with the crude oils, except for the A004-D slick on salt water. On fresh
water the A108 was best, with the USN cold-water herder a close second the A004-D came third
and the OC-5 and USNyy,, finished last. On salt water the A108 performed best, the A004-D was
second-best. The USN cold-water herder was third and the OC-5 and USNqp,, finished last.

Table 1 summarizes the best herder for each oil/salinity combination. The A108, USN cold-
water, OC5 and A004-D herders were selected for additional testing.

Table 1: Summary of best herder at room temperature in 1-m’ pan tests.

Kupark crude ANS crude Fuel Oil No. 2
Salt Fresh Salt Fresh Salt Fresh
A108 A108 A004-D USN A108 A108
& & & & & &
USN USN A108 (0]05) A004-D USN
5.2.2 DFP Tests

Figure 10 presents the results of the DFP tests with Kuparuk crude for the four herders selected
from the 1-m” pan tests. Although the USN herder gave the best initial performance, the herded
slick thickness for both the USN and OCS5 herders declined over the time span of the tests. The
A004-D and A108 herders had the best performance in maintaining thick slicks over the rocking

period.
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DFP tests - Kuparsk Crude on Fresh Water
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Figure 10. DFP test results with Kuparuk crude.

DFF tests - Endicoft Crede on Fresh Water
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Figure 11. DFP test results with Endicott crude.
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For the tests using Endicott crude oil (Figure 11) the best initial and overall performance was
with the A108 herder. For both silicone herders, the herded slick thickness declined after
reaching its maximum before the rocking started, then slowly increased over the final 50 minutes
of rocking. For the USN herder the thickness declined and stayed lower after peaking at the 10-
minute mark. The OC5 was the least effective. Based on the DFP tests results, the USN, A108
and A004-D herders were tested in the 10-m” pool.

5.2.3 10-m? Pool Tests

Figure 12 shows the results for the three herders in the 10-m? pool with Kuparuk crude. The
A108 herder produced the best initial slick thickness and the herded slick thickness did not
decline as much as it did with the A004-D. The thickness of the slick increased with the USN
herder up to 30 minutes, and then declined by 60 minutes. The USN herder produced the thickest

slicks after 60 minutes. All three herders were tested in the wind/wave tank.

10 m? tests - Kuparuk Crude on Fresh Water

Avg. Thicknesa {mmj

Figure 12. 10-m’ pool test results.
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5.24 Wind/Wave Tank Monolayer Persistence Tests

Each herder successfully contained a slick of Kuparuk crude in low, non-breaking waves. As
soon as the waves were increased to the point where they began to crest and break, the herded
slick broke up into many slicklets, and shortly afterwards, began to spread. It was clear that the
breaking waves disrupted the monolayer of herder on the water surface. There was no qualitative

difference between the performance of the three herders.

5.2.5 Small-scale Quiescent Burn Tests in the Wind/Wave Tank

Table 2 gives the results of the three burn tests with free-floating fresh ANS crude thickened by
herder. Both silicone herders performed as well, or better, than the USN herder in retaining a
burning slick. The USN herder has been tested in the field (Serstrom et al. 2010). Without
herder, none of the slicks would be thick enough to ignite (which requires a minimum 1 mm

thickness for fresh crude oil — SL Ross 2005).

Table 2: Small scale burn results.

Herder | Oil Weight [g] | Residue Weight [g] | Burn Time [min:sec] | Efficiency [%]
USN 349.2 223.7 1:30 359
A108 350.6 219.7 1:52 37.3

A004-D 353.2 176.9 1:33 49.9
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6 Ohmsett Experiments on Herder Persistence in Waves

Surfactant film persistence (i.e., how long the monolayer generated by a specific herding agent
will last as a function of sea state) and to what degree periodically replenishing the film can
counteract this was investigated in an 8-day test program at Ohmsett from May 13 through 20,
2011. The experiments took advantage of the facility’s newly upgraded wave making
capabilities. Overhead digital video and photographs were taken to qualitatively compare and
determine the persistence of three herding agents in calm conditions, a swell and breaking waves.
A total of 11 experiments were completed with three herding agents (USN, Silsurf A108 and
Silsurf A004-D) in the three wave conditions: 9 tests as per the test protocol plus an additional

duplicate test and a control (no herder).

6.1 Experiment Methods

The Ohmsett test plan may be found in Appendix 3.

6.1.1 Preparations
The preparations for the tests included:

* Obtaining 500 mL each of USN herder (65% v/v sorbitan monolaurate [Span 20] and
35% 2-ethyl butanol), Silsurf A108 herder and Silsurf A004-D herder.

* Obtaining a person lift.

* Obtaining one drum of Endicott crude oil.

» Constructing one 15-foot diameter plastic pipe containment ring.

» Erecting the windscreens on either side of the tank (Figure 13). Calm or very-low wind
conditions were necessary during testing to allow longer test times.

* Installing booms at either end of the tank (as per a dispersant test).

» Obtaining sorbent sweeps to remove herder and sheen from tank after a test is completed.

 Positioning, checking and calibrating overhead camera(s) for data collection.

» Conducting required safety checks and notifications.

* Conducting several dry run tests to set new wave maker to produce a range of breaking
and non-breaking waves and fine tune release and test procedures.

6.1.2 Test Setup, Instrumentation and Procedures
The basic test procedure used for all herder persistence tests was as follows.

1. 15 L (4 gallons) of crude was measured into a 5-gallon plastic pail, weighed and placed
on the person lift.

2. 20 mL of herding agent was measured into a syringe, weighed and put on the person lift.

3. Two pre-weighed spray bottles of additional herding agent were placed on the Main
Bridge.
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Figure 13. Ohmsett tank during herder persistence testing showing wind screens and person lift.

Figure 14. Cleaning water surface in test area with sorbent sweep attached to Main Bridge.
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16.

17.
18.

19.

20.

The Main Bridge was used to clean the entire length and width of the enclosed test area
with a sorbent sweep (Figure 14).

The Main Bridge was positioned at the upwind end of the tank within the boomed area.
The containment ring was lowered onto the water surface from under the Main Bridge at
the up-drift side of the tank and contact with the water around its entire circumference
was visually confirmed.

Approximately 20 mL of herding agent was carefully placed on the water surface inside
the containment ring from the person lift (Figure 15). Since the purpose of these tests was
to evaluate the persistence of the herder monolayer, the herder was added first to
minimize oil spreading differences between tests.

. The 15 L (4 gallons) of crude was gently poured along a spill plate onto the water surface

inside the containment ring from the person lift.
The person lift was moved into position for digital overhead video and photographs.

. The Main Bridge was positioned over the containment ring in preparation for lifting it out

of the water.

The wave maker was started (if required) and the plastic containment ring was lifted and
secured under the Main Bridge just before the first wave reaches the oil (Figure 17). For
swell conditions the wave maker was set at a 20-inch stroke with a frequency of 15 cpm;
for breaking waves the stroke was set at 6 inches and the frequency started at 33 cpm,
increased to 35 cpm after one minute and to 36 cpm after another minute.

The video on the person lift was started. Digital photos of the slick were taken from the
man lift as required.

The slick was allowed to drift downwind for as long as possible, until it reached a wall or
containment boom. Wind speed and direction were recorded at the weather station, but
are not representative of the wind speed at the water surface because of the wind screens
erected along both sides of the tank.

The Main Bridge was moved to keep up with the slick, but not interfere with it.

. Additional herding agent was added from pre-weighed spray bottles on the Main Bridge

as required if the oil began to spread before it reached a wall or boom (Figure 18).

The waves were left on until the slick reached a wall or boom in the tank then the wave
maker was stopped and the video stopped. The time of additional herder applications,
verbal observations of slick behavior and the time for the slick to reach the wall or end of
the tank were recorded on the video taken from the person lift.

The oil pail, herder syringe and herder spray bottles were reweighed.

The water spray from the Main Bridge fire monitors was used to sweep the surface oil
remaining on the water surface at the end of the test to a common collection area at one
corner of the containment boom.

The boom was then raised and the oil pushed under the boom out of the containment
area.

At the end of each test it was necessary to remove the residual herder from the water
surface inside the boomed area. This was accomplished by running a train of breaking
waves down the tank for several minutes and using the Main Bridge fire hoses to disperse
the herder into the water column.
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Figure 15. Placing herder on the water surface inside containment ring

Figure 16. Releasing oil into ring from person lift.
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Figure 17. Containment ring lifted up and secured under Main Bridge.

AL

Figure 18. Applying additional herder during test run.
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21. Visual observation of the spreading of a small amount (ca. 10 mL) of test oil, randomly
placed on the test area’s surface, was used to confirm that the herder had been removed
from the water surface prior to each test.

6.1.3 Test Matrix

The following parameters were varied in these experiments:
1. Herder type (USN, A108 and A004-D);
2. Wave conditions (calm, swell, occasional breaking waves)

All the tests were conducted with fresh Endicott crude oil. Table 3 gives the matrix for the tests.
Testing took take place May 14 through 20, 2011. The control tests were scheduled last to
maximize the available weather window for the experiments. Figure 19 shows typical swell

waves and Figure 20 shows typical breaking waves.

Table 3. Matrix of Tests at Ohmsett.

Test Number Wave Condition Herder
1 Calm USN
2 Calm A108
3 Calm A004-D
4 Breaking USN
5 Breaking A108
6 Breaking A004-D
7 Swell USN
8 Swell A108
9 Swell A004-D
10 (Dup 8) Swell A108
11 Swell, then Breaking None

6.2 Ohmsett Experiment Results

The raw data from the experiments at Ohmsett may be found in Appendix 4. Figure 21 illustrates
the typical behaviour of a well-herded slick in swell conditions and Figure 22 shows how
breaking waves disrupt the herder monolayer allowing the slick to spread and break up. Figure

23 shows a herded slick in calm conditions.

Table 4 summarizes the data collected from each experiment and Table 5 summarizes the

observed slick behavior in each experiment.
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Figure 19. Typical swell wave conditions during a herder test.

Figure 20. Typical breaking wave conditions during a herder test.
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Figure 21. Herded slick in swell conditions.
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Figure 22. Herded slick respreading and breaking up into slicklets in breaking waves.
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Figure 23. Typical herded slick in calm conditions.
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Table 4. Summary of Ohmsett Experiment Data.

Conditions 0il Herder

) i ) ) ) ) ) 0il ) ) Initial " Total

Test#| Date |Herder AirT | Water |Wind Speed| Wind Oil T| Pail Gross | Pail Tare | Oil Net Syringe  |Syringe Tare Spray#1 | Spray#1 | Spray#2 | Spray#2 | Additional Herder
Waves | Type . Volume Herder Herder
()| T(C) | (mph) | Dir(°) (°C) | Weight (Ib.) | Wt(lb.) | Wt(lb) 0 GrossWt(g)| Wt (g) (ml) Gross Wt (g) | Tare Wt (g) | Gross Wt (g) | TareWt(g) |  Volume (mL) (ml)
1 |15/05/2011f USN | Calm |17.8| 194 38 190 ndico] 20 31.19 2.97 28.22 144 33.06 14.62 19.0 127.92 11091 128.71 1209 255 445
2 |15/05/2011] A108 | Calm |17.2| 194 5.1 143 |ndico] 20 31.09 29 28.19 144 35.58 14.59 20.6 139.36 129.98 162.66 155.39 16.3 36.9
3 |16/05/2011|A004-D| Calm |12.8| 20 21 87 dico| 20 31.22 3 28.22 144 35.1 14.59 20.1 112.57 112.59 129 102.28 26.2 463
4 |16/05/2011| USN |Breaking|13.3| 194 9.8 75 |dicoj 195 3122 3.03 2819 | 144 33.39 14.63 193 122.02 82.71 121.88 82.48 80.9 100.2
5 |18/05/2011| A108 |Breaking|15.4| 183 76 92 |dicoj 175 3094 3 2794 | 143 35.6 14.66 20.5 148.27 137.55 139.37 105.47 437 64.3
6 |18/05/2011{A004-D | Breaking| 17.9 | 18.9 79 128 |ndico| 18 31.08 2.97 2811 | 144 33.79 14.54 189 104.67 92.63 113.14 81.26 431 61.9
7 |19/05/2011 USN | Swell |17.2| 189 2.7 72 dicoj 178 3118 2.98 282 144 33.9 14.84 19.7 109.43 71.16 115.81 107.84 475 67.2
8 |19/05/2011| A108 | Swell |16.1| 189 5.7 83 |ndicoj 178 3116 3.05 2811 | 144 355 14.64 205 127.67 111.48 131.37 102.42 443 64.7
9 |19/05/2011{A004-D| Swell |16.1| 19.4 7 82 |ndicoj 18.1| 3195 3 2895 | 1438 3438 1471 193 97.16 59.86 82.49 71.65 472 66.5
0(8DUI20/05/2011| A108 | Swell |156| 194 22 303 |dico] 18 31.73 2.94 2879 | 147 35.7 14.59 20.7 111.67 100.72 113.38 80.88 426 633
11 |20/05/2011| None fell/Breaki| 17.8 | 19.4 35 60 |dicoj 18.4| 3161 293 2868 | 147 0 0 0.0 0 0 0 0 0.0 0.0

Tank surface water salinity = 25.2 ppt @ 18.2°C on 18/05/2011
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Table 5. Observed Slick Behavior Summary.

Slick
Test No. Herder Waves Persistence Comments
[min:sec]
1 USN Calm 4545 Additional herder added to keep slick away from tank wall 1 min 30 sec after ring lifted. Slick moved
) down tank without touching sides. Slick broken into many slicklets by end of test.
Additional herder added to keep slick away from tank wall 2 min and 7min 13 sec after ring lifted.
2 A108 Calm 44:27 Wind shifted 12 to 14 minutes into experiment and slick drift changed by 180°. Slick in three narrow
blobs at end.
) Windy and raining. Additional herder added to keep slick away from tank wall 1 min 14 sec and
3 A004-D Calm 27:43 27min 14 sec after ring lifted. Slick in one main blob plus many tiny slicklets.
Windy and raining. Slick begins to stretch and break into slicklets when initial waves pass under slick.
. ) Additional herder added from both sides to reherd 1 min 15 sec after ring lifted. Slick recoalesces into
4 USN Breaking 0:56

one long blob with some smaller slicklets. First breaking wave at 7:01. Slick immediately begins to
spread and break up into small slicklets. Touches tank wall at 7:57

Slick begins to stretch and break into slicklets when initial waves pass under slick. Single breaking
wave at 0:23. Additional herder added from all sides to reherd 1 min 13 sec after ring lifted. Slick

5 A108 Breaking 1:11 contracts and recoalesces into several blobs with some smaller slicklets. Continuous breaking waves
begin at 4:28.Slick OK after the first few lone breakers, but soon begins to spread and break up into
small slicklets. Touches tank wall at 8:20

Slick begins to stretch and break into slicklets when initial waves pass under slick. Single breaking
wave at 0:17. Additional herder added from all sides to reherd 1 min 9 sec after ring lifted. Slick

6 A004-D Breaking 0:56 contracts and recoalesces into one blob with some smaller slicklets. Continuous breaking waves begin
at 3:25. Herded slick immediately begins to spread and break up into small slicklets. Spread out and
dispersing at 4:21. Touches tank end at 10:27.

Slick begins as large blob with several smaller slicklets. Additional herder added at 1:49. Slick
stretches and contracts as waves pass beneath it. Dark band forms around edge of herded slick. Waves
7 USN Swell 27:41 help reherd and recoalesce slick. Slick begins to narrow and elongate. One end of slick touches wall at
approx. 15:00, but decide to continue test. After approx. 23 minutes long, narrow slick begins to break
into streamers. Touches wall 27:41

Slick begins as large blob with several smaller slicklets. Additional herder added at 0:27. Slick
stretches and contracts as waves pass beneath it. Waves help reherd and recoalesce slick. Dark band
8 A108 Swell 40:05 forms around edge of herded slick. One edge of slick touches wall at approx. 5:00, but decide to
continue test. Slick begins to narrow and elongate by 13:00. One end of slick touches wall again at
approx. 16:00, but decide to continue test. Touches end at 40:05.

Slick begins as main blob with many smaller slicklets. Additional herder added at 0:20 and 12:09.
Slick stretches and contracts as waves pass beneath it. Waves help reherd and recoalesce slick into one
blob. Dark band forms around edge of herded slick. One edge of slick touches wall at approx. 15:00,
but decide to continue test. Discontinue test at 18:59 as slick remains against wall — still herded.

9 A004-D Swell 18:59
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Slick

Test No. Herder Waves Persistence Comments
[min:sec]
Slick begins as large blob. Additional herder added at 0:35, and again several times between 12:00 and
) 20:00 to keep slick away from wall. Slick stretches and contracts as waves pass beneath it. Dark band
10 (Dup 8) A108 Swell 35:00 forms around edge of herded slick. One edge of slick touches wall at approx. 14:00, but decide to
continue test. Slick begins to narrow and elongate. Touches wall again at 35:00.
Slick begins to spread as soon as ring is lifted. Unfortunately, despite cleaning the tank surface of
Swell herder gfter Test 10, there is considera‘ple oily sheen (gs oppgsed to herder) on the tank surface visible
1 None then ’ 9:54 inswell | ™ the video that prevents the control shck. from sheening. S!lck spreads to a m}lch larger area than
Breaking same volume of oil when herded. Waves increased to breaking at 9:54, which immediately causes

slick to spread, break up into many small slicklets and disperse. Slick area in breaking waves much
larger than that of herded slicks in breaking waves.
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Based on the visual observations and review of the test video the following observations were

made:

The monolayer of each of the two best herders will survive for more than 45 minutes in a
calm sea (the Ohmsett tests were terminated when the slicks reached the end of the tank).
The presence of breaking or cresting waves rapidly disrupts the herder monolayer and the
oil slick resulting in the production of many small slicklets from the herded slick and the
respreading of the oil to thin slicks..

The monolayer survives for considerable periods of time in a swell condition, but the
constant stretching and contracting of the herded slick results in elongating the oil slick
and slowly breaking the slick into smaller segments.

The Silsurf A108 herder performed noticeably better than the other two herders in all test

conditions.
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7 Conclusions and Recommendations

7.1 Conclusions

In the laboratory herding tests the Silsurf A108, Silsurf A004-D and USN herders
performed best.

The two silicone-based herders retained a small burning crude oil slick and achieved burn
efficiencies as good as or better than the USN herder.

The Silsurf A108 herder performed noticeably better than the Silsurf A004-D and USN
herders in all test conditions during the Ohmsett tests.

The monolayer of each of the three herders will survive for more than 45 minutes in a
calm sea.

The presence of breaking or cresting waves rapidly disrupts the herder monolayer and the
oil slick resulting in the production of many small slicklets from the herded slick and the
respreading of the oil to thin slicks..

The monolayer survives for considerable periods of time in a swell condition, but the
constant stretching and contracting of the herded slick results in elongating the oil slick

and slowly breaking the slick into smaller segments.

7.2 Recommendations

Work should begin on commercializing the USN and silicone herders, including getting
them listed on the EPA NCP Product Schedule and developing suitable application
systems.

The use of the USN and silicone herders to thicken slicks in open water conditions for in
situ burning should be included in plans for future offshore oil spill response field trials.
Consideration should be given to how herders could be employed to improve offshore

skimming encounter rates in suitable open water conditions.
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9 Introduction

Since 2004, the main goal of the research on herders has been to determine their efficacy at
enhancing in situ burning in ice concentrations too low for natural containment of the oil slick by
the ice itself (ice concentrations between <10% and 60%). In the research on herders in drift ice
a considerable number of the experiments were performed in open water or trace ice conditions
as an integral part of each experiment matrix, certainly enough to know that they will work quite

well to thicken slicks for efficient in situ burning on quiescent cold seawater.

Herders were studied in the 1970’s as an open water oil spill response technique but the goal
then was to provide containment for mechanical recovery. In this original application herders
were limited to relatively calm conditions because the herder itself dissipated quickly in higher
energy sea conditions allowing the slick to re-spread. This dissipation occurred over periods of
tens of minutes, which wasn’t enough time to allow skimming of the herded slick. In situ
burning is a process that only requires minutes to initiate and complete. Once ignited, the air
being drawn into a large in situ oil fire by the combustion process will also contain the burning
slick and thicken it further. Thus, there is great potential that in situ burning enhanced by
chemical herders can be a very effective rapid response technique in ice-free waters — both in the
Arctic and in temperate regions. However, there remain two issues requiring further study:

3. Suitability of herders for warmer water conditions; and,

4. Surfactant film persistence in open water sea conditions.

The focus of this test plan is the first issue: the suitability of the best cold-water herders for
warmer water conditions (i.e., the original US Navy study identified better surfactant/solvent
combinations at room temperature than the "USN" blend that has been selected for icy water
conditions). Other herder recipes — e.g., OC-5 - may very well outperform USN at 20°C. Also,
the new silicone superwetters identified as the best for cold-water use may not be the best for
warmer waters. This portion of the work would be accomplished using various pan experiments

in the laboratory.
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10 Goal

Experiment in the laboratory with the USN herder formulations, OC-5 and the best silicone

herder formulation to find the most effective product for warmer water temperatures.

11 Work Plan

A series of comparative experiments would be conducted with hydrocarbon-based and silicone
herders in 1-m? pans (Figure 1), a 10-m? pan (Figure 2), small pans mounted on a rocking shaker
(Figure 3) and the SL Ross tank (Figure 4). Overhead digital photographs would be taken and
analyzed by computer to determine the herder effectiveness. Video will also be taken. One or
two small-scale (= 40 cm diameter) burn experiments would be conducted with the best herders

identified for use on warm water to confirm their suitability.

Figure 1. Lined 1-m” steel pans used for experiments.  Figure 2. Ice blocks placed in the 10-m” frame.

Nt

Figure 3. Two-platform rocking shaker. Figure 4. Free-floating ice in SL Ross tank prior to an experiment.
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The following parameters would be varied in the herding experiments:

O

Five candidate warm-water herders

1. The original USN cold water blend (65% Span-20 and 35% 2-ethyl butanol)

2. Siltech A108

3. Siltech A004D

4. OC-5 [the old Exxon Oil Collector]

5. A Span 80-based herder field tested by the US Navy that was a better warm-water

herder than the USN cold water blend (75% Span-80 and 25% 2-ethyl butanol)

One ambient temperature (= 20°C)
Two water salinities (0 and 35 %o), [screening tests will be conducted in the 1-m? pans to
ensure that water salinity does not play a major role in each herder’s performance, with
the intention that the majority of the experiments would be done with tap water for
simplicity]

Three oil types: two crudes that are fluid at ambient temperatures and a No. 2 fuel oil.

The general procedure for a 1-m” pan experiment is:

8.

9.

10.

11.

12.

13.

14.

Place 20 L (a depth of 2 cm) of room-temperature water in each 1-m? pan (Figure 1) lined
with freshly rinsed (with tap water) new plastic film.

Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, replace the water and film and retry.

Carefully pour 1 L of the crude on the water; making sure that it doesn’t stick to the
bottom of the tray while being poured.

Allow the oil to spread to equilibrium and take a digital photograph from overhead for
subsequent oil area analysis.

Apply prescribed amount (150 pL for USN) of herding agent to open water area with
micropipette.

Allow the oil to contract and take another digital photograph after one minute, 10
minutes, 30 minutes and 1 hour.

Empty water from pans, remove plastic film, dry pans with paper towels.

The general procedure for a rocking shaker tray experiment is:

11.

Place 1.115 L of room-temperature water (= 2 cm deep) in each of two trays (18 cm wide
x 28 cm long) and allow them to equilibrate to the test temperature in the environmental
chamber.
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12.

13.

14.

15.

16.
17.
18.

19.
20.

Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, replace the water and retry.

Carefully place 50 mL of the test oil on the water, making sure that it doesn’t stick to the
bottom of the tray while being poured.

Allow the oil to spread to equilibrium and take a digital photograph from overhead for
subsequent oil area analysis.

Apply 5 to 10 pL of herding agent to an open water area with a micropipette (the target
dose for the USN herder is 2.5 uL based on a recommended treatment of 50 mg/m?;
however, it is impossible to deliver an accurate dose with the viscous herder which tends
to form discrete droplets at the end of the micropipette that would only detach with the
higher volumes).

Allow the oil to contract and take another digital photograph after one minute.

Carefully place the trays on the rocking shaker and start shaker and timer.

After 10 minutes and 30 minutes, stop the shaker, gently remove the trays re-photograph
the slicks and replace the trays on the shaker.

Stop experiment after 1 hour, gently remove the trays re-photograph the slicks.

Remove and empty trays, clean with Alconox and hot water and rinse thoroughly with
hot water.

The oil and herder combinations to be tested at a scale of 10 m? and in the SL Ross wind/wave

tank will be selected based on the results of the 1-m* and rocking shaker experiments.

The 10-m” experiment (Figure 2) is performed in a rectangular, plastic-lined wooden frame

(3.05 m x 2.95 m x 9 cm high) lined with a new, rinsed sheet of 1-mil plastic film for most

experiments to ensure a clean, uncontaminated surface. Two, white plastic tarpaulins are

attached to the bottom of the frame to increase the contrast in the photos between oil and water.

The general procedure for a 10-m? pan experiment is:

8.

9.

10.

11.

12.

13.

Place 200 L (a depth of = 2 cm) of room-temperature water in the 10-m? pool lined with
freshly rinsed (with tap water) new plastic film.

Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, replace the water and film and retry.

Carefully pour 2 L of the oil on the water, making sure that it doesn’t stick to the bottom
of the pool while being poured.

Allow the oil to spread to equilibrium and take a digital photograph from the rafters
overhead for subsequent oil area analysis.

Apply the prescribed amount (1500 pL for USN) of herding agent to open water area
with micropipette.

Allow the oil to contract and take another digital photograph after one minute, 10
minutes, 30 minutes and 1 hour.
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14. Pump water from pool, remove plastic film, and replace film for next experiment.

For the wind/wave tank experiments (Figure 4), two 4’ x 8’- sheets of white signboard are laid
end to end and weighted down on the bottom of the tank in order to improve the discrimination
in the overhead photos and video between oil and water. A test area is created by isolating an
area of water surface with floating barriers stretched from one side of the tank to the other. This
eases cleaning of the test area water surface between experiments. For the in sifu burn
experiments, metal heat shields are installed along the sides of the tank and the metal fume hood
is swung over the burn area. The smoke from the burns is removed with a 200-m>/min fan,
through a 60-cm metal duct that is connected to the fume hood suspended 1 m above the water

surface (Figure 5).

Figure 5. Wind/wave tank set up for burn experiments with heat shields and exhaust hood.

The general procedure for a wind/wave tank experiment is:

10. Raise the floating barriers at either end of the test section and thoroughly clean the water
surface with sorbent pads to remove any oil or herder traces.
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11.

12.

13.
14.

15.

16.

17.

18.

Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, reclean the test area.

Apply prescribed amount (500 pL for USN) of herding agent to open water area with
micropipette.

Turn on the video.

Carefully pour 500 mL of the crude on the water; making sure that it doesn’t submerge
while being poured.

Allow the oil to spread to its herded equilibrium and take a digital photograph from
overhead for subsequent oil area analysis.

Turn on the wave generator to produce non-breaking waves and turn on the fan to
counterbalance the wave drift.

At proscribed time intervals (to be determined after an initial dry run) increase the wave
generator to produce more energetic waves.

Stop wave generator, recover oil and herder with sorbent pads.

A typical in situ burn experiment involves the following steps:

1.

2.

SN

Raise the floating barriers at either end of the test section and thoroughly clean the water
surface with sorbent pads to remove any oil or herder traces.

Take a sample of the water from the surface using a Petri dish and measure the water-air
interfacial tension (IFT) using the DuNuoy Ring Tensiometer. If the IFT reading is less
than 60, reclean the test area.

A volume of 400 mL (to form a 40-cm diameter herded slick) of fresh crude oil is
measured into a graduated cylinder and weighed.

For those experiments involving pre-treatment of the water surface of the tank, 500 uL of
the herder is placed on the water surface using a micropipette. Otherwise, the herder is
added after the slick had spread to equilibrium.

The oil is carefully poured onto the surface of the tank.

Ignition is attempted first with a propane soldering torch flame.

A stopwatch and video records the following times: initial ignition time, full ignition
(100% flame coverage); time to the vigorous (or intense) burn phase; 50% flame
coverage; and, extinction.

After extinction of the flame, pre-weighed rectangles of sorbent are used to recover the
residue from the water surface. After use, each pad is shaken to remove as much water as
possible. Then the pads were reweighed to determine the mass of residue. The sorbent
pads are then hung up to dry overnight, and reweighed after any water had evaporated. It
is assumed that very little of the burn reside evaporates in the same time period.

All the data collected will be processed, analyzed and collated. A summary data report will be

written documenting results, conclusions and recommendations arising from this task of the

research program.
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12 Time Frame

A four-week laboratory experimental program is planned, commencing in late March/early April
2011 in order to be finished in time to plan the experiments at Ohmsett scheduled in mid-May

2011.

13 Quality Control Plan

A quality control plan for the experimental work was approved by the BOEMRE CO and COR.

The part of this plan pertaining to the Task 1 laboratory experiments is reproduced below

13.1.1.1.1.1

13.1.1.1.1.2Initial Calibration Data. A check is made to ensure that data is available to show
the initial source of calibration data for each piece of instrumentation used in the
project. This includes any calibration information necessary to assure that the
calibration data is current for the project.

13.1.1.1.1.3

13.1.1.1.1.4Pre- and Post-Daily Checks. These are checks that are performed on the
instrumentation (i.e., DuNuoy tensiometer and densitometer calibration checks with
pure water) each morning before testing starts and at the end of the day when testing
stops. This is done on all days that testing occurs. Note is made of any unusual
conditions that occur. These conditions must be evaluated before testing is started or
if noted at the end of the day, the day’s data is examined to determine its validity and

whether the affected experiments need to be repeated.

Test Checks and Conditions. These checks ensure that the test plan’s instructions on how the
experiment is to be done are followed and that the records that are to be made during the
experiment are completed accurately. Of prime importance for this project is verifying that the
water surface in the various experiment apparati is clean and surfactant free prior to starting each

individual experiment.

Significant Occurrences/Variations. This part of the quality checks will be concerned with
recording any significant occurrences/variations that might occur during the experiments. These

will be immediately reported to I. Buist.
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Duplicate Experiments. At least 10% of the experiments will be randomly selected to be

repeated.

13.2

Data Reduction and Validation. All data reduction and validation will be performed in
accordance with approved and accepted methods. When non-standard methods are utilized, they
shall be included in the Draft Technical Report and sufficiently described so that they can be
used by independent sources to duplicate the results. With respect to written material, all draft
material will be reviewed by at least one other SL Ross senior staff professional engineer before

submission to MMS.

14 Safety And Environmental Plan

SL Ross staff has been conducting such experiments at the SL Ross facility for more than twenty
years without incident. Only minor safety hazards are involved and these are mitigated through
the use of proper lab procedures, appropriate PPE, solvent storage systems, fume hoods, fire
extinguishers, eyewash stations and emergency showers. The oily waste and spent solvents are
disposed of using an approved waste handler in accordance with the regulations of the Province

of Ontario.
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Appendix 2 — Laboratory Test Data
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1. INTRODUCTION

Surfactant film persistence (i.e., how long the monolayer will last as a function of sea state) and
to what degree periodically replenishing the film can counteract this will be investigated in a 7-
day test program at Ohmsett, taking advantage of the facility’s newly upgraded wave making
capabilities.

1.1 Background

The use of specific chemical surface-active agents, sometimes called oil herders or oil collecting
agents, to clear and contain oil slicks on an open water surface is well known (Garrett and
Barger, 1972; Rijkwaterstaat, 1974; Pope et al., 1985; MSRC, 1995). These agents have the
ability to spread rapidly over a water surface into a monomolecular layer, as a result of their high
spreading coefficients, or spreading pressures. The best herding agents have spreading pressures
in the mid-40 mN/m range, whereas most crude oils have spreading pressures in the 10 to 20-
mN/m range. Consequently, small quantities of these surfactants (about 5 L per kilometre or 50
mg/mz) will quickly clear thin films of oil from large areas of water surface, contracting the oil
into thicker slicks.

Herders sprayed onto the water surrounding an oil slick result in formation of a monolayer of
surfactants on the water surface. These surfactants reduce the surface tension of the surrounding
water significantly (from 73 mN/m to 25-30 mN/m). When the surfactant monolayer reaches the
edge of a thin oil slick it changes the balance of interfacial forces acting on the slick edge and
causes the oil/water and oil/air interfacial tensions to contract the oil into thicker layers. Herders
do not require a boundary to “push against” and work in open (boundary free) water. A
conceptual drawing of the herding process in pack ice is shown in Figure 1. Although
commercialized in the 1970s herders ultimately were not used offshore because they only
worked in very calm conditions: physical containment booms were still needed to hold or divert
slicks in wind speeds above 2 m/s and breaking waves disrupted the herder layer.

1.1.1 Past Research on Herders to Thicken Oil for Burning in Drift Ice

The key to effective in situ burning is thick oil slicks. Concentrated pack ice can enable in situ
burning by keeping slicks thick. In loose pack ice conditions oil spills can rapidly spread to
become too thin to ignite. Fire booms can collect and keep slicks thick in open water; however,
field deployment tests of booms and skimmers in pack ice conditions in the Alaskan Beaufort
Sea highlighted the severe limitations of booms in even trace concentrations of drift ice (Bronson
et al., 2002). If slicks could be thickened to the 2- to 5-mm range in drift ice (less than 6 to 7
tenths coverage), even with no possibility of physical booming, effective burns could be carried
out (SL Ross 2003). For application in loose pack ice, the intention is to herd freely-drifting oil
slicks to a burnable thickness, then ignite them with a Helitorch. The herders will work in
conjunction with the limited containment provided by the ice to allow a longer window of
opportunity for burning.
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Figure 1. Conceptual drawing depicting the herding process in drift ice.

A comprehensive, multi-year, multi-partner research program to study the use of chemical
herding agents to thicken oil slicks in order to ignite and burn the oil in situ in loose pack ice has
been underway since 2004. The program has included:

9.

10.

11.

12.

13.

14.

15.
16.

A very small scale (1 m?) preliminary assessment of a shoreline-cleaning agent with oil
herding properties was carried out to assess its ability to herd oil on cold water and
among ice (SL Ross 2004).

Small-scale experiments to explore the relative effectiveness of three oil-herding agents
in simulated ice conditions; larger scale (10 m?) quiescent pan experiments to explore
scaling effects; small-scale (2 to 6 m”) wind/wave tank testing to investigate wind and
wave effects on herding efficiency; and, small ignition and burn tests (SL Ross 2005).
Experiments at the scale of 100 m” in the indoor Ice Engineering Research Facility Test
Basin at the US Army Cold Regions Research and Engineering Laboratory (CRREL) in
November 2005 (SL Ross 2005).

Experiments at the scale of 1000 m? at Ohmsett in artificial pack ice in February 2006
(SL Ross 2005).

A series of 20 burn experiments at the scale of 30 m” with herders and crude oil in a
specially prepared test basin containing broken sea ice in November 2006 at the Fire
Training Grounds in Prudhoe Bay, AK (SL Ross 2005).

Field tests of a herder in pack ice in the Barents Sea in 2008 (Buist ez al. 2010a)
Studies on better herding surfactants (Buist ez al. 2010b).

Research on improving other marine spill countermeasures with herders (Buist ef al.
2010c).

The U.S. Navy cold-water herder formulation (65% Span-20 and 35% 2-ethyl butanol) used in
the earlier experiments proved effective in significantly contracting fluid crude and refined oil
slicks in brash and slush ice concentrations of up to 70% ice coverage. Slick thicknesses in
excess of 3 mm, the minimum required for ignition of weathered oil in situ, were routinely
achieved. The presence of frazil ice restricted the spreading of the oil and the effectiveness of the
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herder. Short, choppy waves in the test ice caused a herded slick to break up into small slicklets,
although this may be an artifact of the relatively small volumes of oil used in the experiments.
Longer, non-breaking waves, simulating a swell in pack ice, did not appear to cause a herded
slick to break up, and in fact may have assisted the process by promoting spreading of the herder
over water to the slick’s edge.

Application of the herder to the water prior to the oil being spilled resulted in thicker slicks than
post-spill application. This approach might be used in the event of a chronic spill event in pack
ice conditions, such as a blowout or a pipeline leak.

Otherwise unignitable crude oil slicks that were contracted by the USN herder could be ignited
and burned in situ in both brash and slush ice conditions at air temperatures as low as —17°C.
Measured oil removal efficiencies for herded slicks averaged 50% for 7.5-L slicks and 70% for
15-L slicks. The efficiencies measured for the herded slicks were only slightly less than the
theoretical maximums achievable for equivalent-sized, mechanically contained slicks on open
water. The type of ice (brash or slush) did not significantly affect the burn efficiency.

When ignited, the herded slicks did spread slightly, but once the flames began to die down, the
residue was re-herded by the agent remaining on the water surrounding the slick. Generally, it
was not possible to reignite re-herded residue. Steeper, cresting waves detracted from the burn
efficiency while longer, non-breaking waves did not. The oil removal rate for the slicks was in
the range expected for equivalent-sized, mechanically contained slicks on open water.

In the spring of 2008 a field trial was carried out in pack ice east of Svalbard involving the
release of 630 L of fresh crude onto water in a large lead. The free-drifting oil was allowed to
spread for 15 minutes until it was far too thin to ignite, and then USN herder was applied around
the slick periphery. The slick contracted and thickened for 20 minutes at which time the upwind
end was ignited. A 9-minute burn ensued that consumed an estimated 90% of the oil (Serstrom et
al. 2010).

In an attempt to further improve the herder technique, in 2008 and 2009, a series of laboratory
tests and ice-basin tests were carried out to compare the efficacy of several silicone-based
surfactants (superwetters) as potential oil slick herding agents to the results obtained with the
USN (Buist et al. 2010b). Silicone surfactants are known to be more effective than hydrocarbon-
based surfactants in other applications.

The best silicone-based herder of the three tested significantly outperformed the USN herder in
most tests with similar conditions. These tests only evaluated the herding capability of the
silicone herders — the slicks weren’t ignited. Recent experiments in the lab confirmed the ability
of the silicone herders to hold a burning slick as well as the USN herder does.

1.1.2 Toxicity Issues

Concern has been expressed regarding the potential toxicity risk of using herding agents in
broken ice. These agents should not cause harm to the marine environment because they are of
low toxicity and extremely small quantities are used. Although the leading chemical herders are
apparently no longer produced, a Nalco product designed as a shoreline cleaner (Corexit
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EC9580) exhibits slick herding abilities and is commercially available. The toxicity data in the
US EPA’s National Contingency Plan indicates that EC9580 is only about half as toxic as
approved chemical dispersants and much less toxic than the oil itself. EC9580, and the main
surface-active ingredients of successful herders are not soluble in water (they are dispersible) and
are not intended to enter the water column, only to float on the surface. When used as directed,
the products are applied at very low application rates (5 x 102 g/m” = 0.05 gal/acre) compared
with dispersants (5 gallons/acre = 5 g/m?) and, if dispersed, would produce concentrations in the
water column far below levels of concern (dispersing a 5x107 g/m” layer of herder into the top
metre of the water column would produce a concentration of only 0.05 ppm). In addition, studies
indicate that silicone surfactants that enter the environment quickly degrade to silicate (sand),
water, and carbon dioxide.

1.2 Objective and Goal

The objective of this research is to evaluate the feasibility of using herders to enable in situ
burning as a rapid-response technique in open water.

More specifically, the goal of the work described here is to conduct experiments at Ohmsett to
determine the persistence of the herder monolayer in realistic waves.

1.3 Organizations Participating in the Testing

All those who will be at the Ohmsett Facility are advised that they are subject to US Navy, Naval
Weapons Station Earle (NWS-Earle) and Department of Interior, Bureau of Ocean Energy
Management, Regulation, and Enforcement rules and regulations. The most obvious of those
regulations involve health, safety, and security. All operational personnel must have 40-hour or
24-hour HAZWOPER training and an introductory Ohmsett Health & Safety training session.
Access to the site is controlled by NWS-Earle. Use of a camera requires a permit issued by a
NWS-Earle Base Security Officer. Unless informed otherwise by the Site Manager, this
testing is on weekdays and weekends , and begins at 0700.

Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE):
. Funds the operation of Ohmsett
. Reviews and approves the Work Order Proposal
. Provides the Work Order to MAR, Inc.
. Funds and administers the participation CRREL in Task 3
. Funds and administers the participation SL Ross in Task 3
. Reviews and approves the Final Report

SL Ross Environmental Research
. Prepares the Test Plan with MAR input

. Designs the experiments

. Provides the herding agent

. Assists with the equipment assembly and operation
. Directs the testing

. Takes overhead digital photos for area analysis
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. Analyses the data
. Writes the final report

MAR, Inc:

. Prepares the Test Plan with SL Ross

. Erects the wind screen on either side of the tank

. Provides and operates man lift

. Prepares test fluids and confirms suitability

. Collects test data including oil distribution volumes, initial oil properties, recovered
oil volumes and overhead digital video and photography

. Collects background data including oil/water temperatures, and wave data

. Photographs and videotapes the trials

. Cleans and demobilizes the test equipment after the experiments have been
completed

. Provides raw data to SL Ross

. Reviews the Draft Final Report

1.4 Test Personnel

The test personnel assignments are listed in Table 1.
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Table 1: Test Personnel Assignments

Duties

Personnel

Location

Program Manager

Control Tower

Oversight

Chemical Technician
Susan Cunneff

Bill Schmidt
Test Engineer/Director Test Basin Overall supervision of testing
Paul Meyer
QA Engineer Roving Monitors fluid sampling, data
TBD collection and test parameter accuracy.
Oil Analysis Lab Handles and analyzes fluid samples.

H&S Specialist
TBD

Roving

Monitors personnel safety.

Operates oil transfer system,

Fluid Transfer Technician

Main Tank Deck

Operates fill and off-loading pumps

TBD
Video Technician Roving Operates hand.-held video and digital
still camera
TBD
Rigger/Oil Transfer Technicians Roving Deploy boom, transf;r oil, cgllect oil,
clean and demobilize equipment
TBD
Roving Design and direct tests. Apply herding

SL Ross Sr. Engineer

Ian Buist

agent. Take overhead video and still
photographs Provide advice on test
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2. TEST PROCEDURES

2.1 Preparation

The preparations for the tests include:

* SL Ross supplying 500 mL each of USN herder (65% v/v Sorbitan Monolaurate [ Span
20] and 35% 2-ethyl butanol), Silsurf A108 herder and Silsurf A004-D herder

* MAR providing a man lift

* MAR supplying one drum of Endicott crude oil

* MAR supplying one 15-foot diameter plastic pipe containment ring

* Erecting windscreen on either side of the tank

 Installing booms at either end of the tank (as per a dispersant test).

* Obtaining sorbent sweeps to remove herder and sheen from tank after a test is completed

» Positioning, checking and calibrating overhead camera(s) for data collection

» Conducting required safety checks and notifications.

» Conducting several dry run tests to set new wave maker to produce a range of breaking
and non-breaking waves and fine tune release and test procedures

2.2 Test Set-up, Instrumentation and Procedures

The amounts of herder used for each test are very small (only about 20 mL). Even if all the
herder from one test were dispersed into the water at Ohmsett, it would amount to a
concentration of only 0.002 ppm. Visual observation of the spreading of a small amount (ca. 10
mL) of test oil inside several small (1 m? area) floating plastic circles, randomly placed on the
test area’s surface, can be used to confirm that the herder has been removed from the water

surface prior to each test.

With the installation of a totally new wave maker system, it will be necessary to spend time on
Day 1 determining what setting for the new wave maker produce waves suitable for the tests. A
range of breaking and non-breaking waves is desired to determine the survival time of the

monolayer of herder in a variety of sea states.

The basic test procedure used for all herder/dispersant effectiveness tests will be as follows.

4. 15 L (4 gallons) of crude is measured into a 5-gallon plastic pail, weighed and placed on
the man lift.

5. 20 mL of herding agent is measured into a syringe, weighed and placed on the man lift.
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10.

11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

21

22.
23.

15.1.1

Two pre-weighed spray bottles of additional herding agent are placed on the Main
Bridge.

The Main Bridge is used to clean the entire length and width of the test area with a
sorbent sweep.

The Main Bridge is positioned at the upwind end of the tank within the boomed area.

The containment ring is lowered onto the water surface from under the Main Bridge at
the up-drift side of the tank and contact with the water around its entire circumference is
visually confirmed.

Approximately 20 mL of herding agent is carefully placed on the water surface inside the
containment ring from the man lift.

The 15 L (4 gallons) of crude is gently poured onto the water surface inside the
containment ring from the man lift.

The man lift is moved into position for digital overhead video and photographs.

The Main Bridge is positioned over the containment ring in preparation for lifting it out
of the water.

The wave maker is started and the plastic containment ring is lifted and secured under the
Main Bridge just before the first wave reaches the oil.

The video on the man lift is started. Digital photos of the slick are taken from the man lift
as required.

The slick is allowed to drift downwind for as long as possible, until it reaches a wall or
containment boom.

The Main Bridge is moved to keep up with the slick, but not interfere with it.

Additional herding agent is added from pre-weighed spray bottles on the Main Bridge as
required if the oil begins to spread before it reaches a wall or boom.

The waves are left on until the slick reaches a wall or boom in the tank then the wave
maker is stopped and the video stopped.

The oil pail, herder syringe and herder spray bottles are reweighed.

. The water spray from the Main Bridge fire monitors is used to sweep the surface oil
remaining on the water surface at the end of the test to a common collection area at one
corner of the containment boom.

The boom is then raised and the oil pushed under the boom out of the containment area.

At the end of each test it will be necessary to remove the residual herder from the water
surface inside the boomed area. This would be accomplished by running a train of
breaking waves down the tank for several minutes and using the Main Bridge fire hoses
to disperse the herder and dispersant into the water column.

2.3 Test Matrix and Schedule

.1.1.1.1 Test Matrix Variables
3. Herder type (USN and two silicone-based herders);
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4. Wave conditions (calm, swell, occasional breaking waves [as per dispersant tests])
Calm or very-low wind conditions are necessary during testing to allow longer test times. A total
of nine tests are planned over a seven-day test period. Table 2 gives the proposed matrix for the

tests. Testing is to take place May 14 through 20, 2011.

Table 2. Preliminary Matrix of Tests

May | Day Test Wave Condition Herder
14 1 | Setup/calibrate wave maker
15 5 1 Calm USN
2 Calm A108
16 3 3 Calm A004-D
4 Breaking USN
17 4 5 Breaking A108
6 Breaking A004-D
13 5 7 Swell USN
8 Swell A108
19.20 | 6.7 9 Swell A004-D
’ ’ Duplicates/Wind Delays Oseberg Weathered TBD*

" To Be Determined
At the conclusion of each test any herder remaining on the water surface would be dispersed into
the tank with breaking waves and the fire monitors on the Main Bridge. Just prior to each test,
the test area would be swept with sorbent to remove any surfactant that has resurfaced.
Final tank clean up would involve sweeping the length of the tank with boom, polishing several

times with sorbent sweeps and running breaking waves and fire hoses to disperse any remaining
herder or sheen from the surface.

3. DELIVERABLES

3.1 Test Data

Original data logs, computer generated data files, video, digital images and photos will be kept
on file at Ohmsett. Copies or duplicates will be created and delivered to SL Ross to generate the
final data report. The Ohmsett deliverable items will include:

» Raw computer generated data files.

* Observations on tests.

* All manually generated test logs.
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 Digital and film photographs and digital video.

* Ohmsett laboratory analyses.

3.2 Video Documentation

High-resolution, digital videos shall be produced with titles that clearly state the test name, time
of day, date and test number. Video documentation will be duplicated in VHS or DVD format as
deliverable items for SL Ross. Logs will accompany the videos specifying test number, date,
time and location on the videotape. Photos, digital and 35 mm, will also be duplicated as
deliverables. All original video and photographic documentation will be maintained at Ohmsett.
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4. HEALTH AND SAFETY JOB HAZARD ANALYSIS

4.1 Introduction

A job hazard analysis is a means of preventing or controlling hazardous conditions associated
with testing activity. Analysis begins by determining the basic tasks of a job. Each task is then
analysed to identify potential hazards associated with it. It will then be possible to develop
control measures for the hazards identified. Prior to any test activity, personnel involved with the
test are informed of potential hazards and controls for an understanding of their health and safety
responsibilities.

4.2 Hazardous Materials

Liquid Hydrocarbons:
« Crude oil (MSDS in Appendix [EOBNel)
Other Products/Chemicals:

* USN herder (65% Sorbitan Monolaurate and 35% 2-ethyl butanol — MSDSs attached)
+ Silsurf A108 (MSDS attached)
» Silsurf A004-D (MSDS attached)

According to available product safety information, respiratory protection is not needed, as:

o the evaporation rate of the Endicott crude oil is moderate, resulting in the off-gassing of
little VOC, if any;

o sorbitan monolaurate has a low vapor pressure at room temperature and is not identified
as a particular inhalation hazard

o 2-ethyl butanol may be harmful if inhaled, but has a low vapor pressure at room
temperature and only small amounts will be used in each experiment (about 4.2 mL per
test)

All personnel involved in testing will be informed of associated health hazards, as well as the
proper personal protective measures required to eliminate exposure to the oil and chemicals, in
accordance with OSHA Hazard Communication Standard requirements. A Material Safety Data
Sheet is maintained for test oils, chemicals or various products, and will be available to each
person involved in testing.

4.3  Generic Job Safety Analysis

The following table lists basic or generic tasks necessary for the “Herders to Improve
Operational Efficiency of Dispersant Operations” Tests at Ohmsett. Hazards associated with the
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tasks are listed with preventive measures to be followed by affected personnel.

Table 3. Task Hazard Prevention

Mobile crane operations
(objects striking)

TASK HAZARDS PREVENTION/CONTROL
1) Materials handling, a) Lifting material(s) (muscle a) Use proper lifting techniques; lift with your legs, not
general set-up strains, back injuries) your back; get help for heavy loads, use mechanical
devices (i.e., fork lift, job cranes).

b) Forklift operations (objects b) Follow acceptable safe practices for operators.
striking)

c) Jib crane(s) operations (objects | c) Do not stand under raised loads. Do not exceed
striking) capacity of jib crane. Use one signal man.

d) Mobile crane (contractor d) Only qualified crane operator and signal man will
personnel, objects striking) control lift operations. Do not stand under raised

loads.

e) Hand/power tools (muscle e) Use correct tool for the job, use correct PPE and
strains, pinch points, proper body positioning when handling tools. Inspect
electrocution) all power tools to ensure no frayed or exposed wires

exist, equipment is grounded and insulated and GFI’s
extension cords etc. are functioning properly.
2) Boom assembly and a) Rigging from work boat or a) Personnel on work boat MUST wear PFD’s. Evenly
placement into tank (set- bridge (falls) distribute weight and do not overload. Life
up) preservers are in place as needed.
b) Wear hand protection during rigging.

b) Cable handling
(pinch points)

c) Have appropriate lines of continual communication.

c) Positioning bridges (objects
striking)

d) No one permitted under heavy loads. Only contract

d) Positioning boom equipment. operator and signal man will control lift operations.
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3) Oil transfer a) Spilled oil/deck area a) Clean spills on deck/bridges immediately. Utilize spill
(slip/fall hazard) equipment, as required.

b) Pressurized b) Inspect all equipment prior to use. Do not use
equipment/pumps/hoses/ damaged equipment. Replace cracked hoses, broken
lines (pressure release, objects gauges prior to pressurization. Inspect for leaks.
striking) Use adequate PPE (hard hat, gloves, face shield).

4) Bridge operation a) Bridge movement (objects a) No personnel permitted on the deck, under moving
positioning and striking, falls) cables or in motor perimeter while in operation.
movement

b) All guard rails must be in place and secured while
working on moving bridge.

c) Continued and open communications with bridge
operator is mandatory. While testing, only
authorized personnel involved with the test allowed
in bridge control area (third floor).

5) Oil addition to test tank a) Splashing/spraying oils while a) Wear appropriate PPE (protective clothes,

transferring to Test Tank. goggles/face shield, nitrile gloves). Air sample base
[Slips/falls, exposure line tests will be taken. Appropriate respirators will
(skin/eyes), exposure be worn as required. Technician will keep
(inhalation)] bridge/deck as oil-free as possible.

b) Pressure release (object b) Utilization of damaged hoses for faulty equipment is

striking, pinch points) prohibited. Check all piping, hoses, hose
connections, etc. prior to use. Bleed pressure prior
to disconnect. Wear PPE to include protective
clothes, goggles/face shield, hard hat, nitrile gloves.

6) Addition of Herding a) Exposure to herder formulation | a) Weay appropriate PPE (pvrotectlvev clothes goggles/face
Agent shield, gloves, appropriate respirators will be worn

b) Working on bridges as required.

c) Deployment and general
operations (testing)

7) Wave generation a) Moving wave generating a) No personnel permitted in wave generating room

equipment (pinch points,
objects striking).

during operations. PPE must be utilized when
adjusting mechanics of wave generation equipment.
Use correct tools for the job and use them safely.

72-




strains, back injuries)

8) Removal of oil from test a) Oil exposure (skin/eye contact) | a) Wear protective clothing, goggles/face shields and
tank nitrile gloves.

b) Falls, slips b) When moving oil from the water with high pressure
hose streams, avoid direct contact of oil with water
stream. Clean any splashed oil from the deck with
absorbent pads.

c) Sorbent boom sweeping.

9) Cleanup of equipment a) Disassembly of rigging from a) Personnel on work boat must wear PFD’s. Evenly
work boat/ bridges (falls). distribute weight and do not overload. Life
preservers are in place as needed.

b) Pressurized water/water lines b) Inspect all equipment prior to use. Ensure

(objects striking) hoses/fittings, etc. Are in good condition with no
signs of deterioration/cracks damage.

c) Hot water/steam wash (burns) c) Wear appropriate PPE (face shield, goggles, gloves,
protective clothes).

d) Oil/cleaning agent exposure d) Wear appropriate PPE (face shield, goggles,

(skin, eye contact) protective clothes, Sarnac or Tyvek suits, gloves).

e) Slippery surfaces from excess e) Keep deck as oil and soap free as possible, watch

oil/cleaning agents footing and remove obstacles. Creation of a
(falls/slips) decontamination zone will be mandatory.
10) Packup a) Fork lift operations a) Follow acceptable safe practices for fork lift
(objects striking) operations.
b) Material handling (muscle b) Use proper lifting techniques, lift with your legs and

not with your back, get help for heavy loads (i.e.
fork truck, jib crane, etc.).

Finally, personal protective equipment guidelines (for items such as hard hats, steel toed boots,
and the like) will be followed based on a Health & Safety Site Plan. The assessment is based
only on generic or basic steps. Chemical Hazards will be discussed based on hazard
communication standards with MSDS’s reviewed.

Material Safety Data Sheets are available to participants at Ohmsett.

4.4

Personal Protective Equipment

The following personal protective equipment shall be available at all times. Specific use
requirements may be found in Section 4.2.
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» Work gloves

* Insulated coveralls (Temperatures will be 0°C to —15°C)

* Warm hat

* Oil resistant gloves (neoprene, nitrile)

» Eye protection (safety glasses, goggles)

 Safety shoes

» Personal flotation devices (for workboat operations) mandatory
 Life rings

» Splash suits, for tank clean up

+ Fall-arrest system (life line, safety belt, tie-off point)

4.5 Communication Plan

Good communication is essential to the safe execution of the test. The following types of
communication tools and skills will be available for use:

* Two-way radios
* Intercom system
* PA system

+ Hand signals

4.6  Contingency Plan

In case of medical emergency, fire, major oil spill, or other emergency, it is necessary to notify
Naval Weapons Station Earle. The OHMSETT Spill Response Plan shall be followed in the
event of any oil spill.

A) Emergency Telephone Numbers:

» Naval Weapons Station Earle X 2911

* Leonardo First-Aid 9-732-615-2100

» Riverview Medical Center 9—-732-741-2700
» Bayshore Hospital 9—-732-739 -5900
» Poison Control Center 9-1-(800)962-1253
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5. Ohmsett Testing of Herder Persistence in Waves

Quality Assurance

5.1 Introduction

Ohmsett Testing of Herder Persistence in Waves Test Quality is the active application of The
Ohmsett “General Quality Procedures and Documentation Plan Manual” and the “Ohmsett
Testing of Herder Persistence in Waves Test Quality Checklist.”

The Quality Checklist has a list of those items in the Ohmsett Testing of Herder Persistence in
Waves Test Plan (see Section 5.2) that are deemed important elements in creating a quality test.
This list will be used by the QA Engineer to record spot checks of key quality elements, along
with appropriate comments, where necessary. A description of these key quality elements
follows. The QA Checklist will be provided in the Final Test Plan.

52 Procedures

Ohmsett Testing of Herder Persistence in Waves Test Quality Checklist is implemented as
follows:

Ohmsett Testing of Herder Persistence in Waves Test Quality Checklist consists of a complete
list of Quality concern items that the QA Engineer uses to spot check items, and confirm
adherence to the Test Plan. This checklist is used before, during and after the test to make sure
all areas of the test plan receive the same thorough Quality attention. These areas include:

A. Initial calibration data

B. Pre- and post-test checks and conditions
C. Test checks and conditions

D. Sampling

E. Significant occurrences/variations

F. Data reduction and validation

G. Data accuracy and precision

H. Documentation of the tests

I. Technical project report

5.3 Initial Calibration Data

A check is made to ensure that data is available to show the initial source of calibration data for
each piece of instrumentation used in the test. This includes any calibration information
necessary to assure that the calibration data is current for this test.
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54 Pre- and Post-Test Checks and Conditions

These are checks that are performed on the instrumentation and weather conditions each morning
before testing starts and at the end of the day when testing stops. This is done on all days that
testing occurs. Note is made of any unusual conditions that occur. These conditions must be
evaluated before testing is started or if noted at the end of the day, the day’s data is examined to
determine its validity and whether the affected tests need to be repeated.

55 Test Checks and Conditions

These checks ensure that the test plan’s instructions on how the test is to be done are followed
and that the records that are to be made during the test are completed accurately.

5.6  Sampling

Sampling will be checked for compliance with the instructions in this plan.

5.7  Significant Occurrences/Variations

This part of the Ohmsett Testing of Herder Persistence in Waves Test Quality checks will be
concerned with recording any significant occurrences/variations that might occur during the
tests. These will be immediately reported to the Test Director.

5.8 Data Reduction and Validation

All data reduction and validation will be performed in accordance with approved and accepted
methods. When non-standard methods are utilized, they shall be included in the Technical
Project Report and sufficiently described so that they can be used by independent sources to
duplicate the results. The treatment of data is described in Section 3.
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6. SCHEDULE

The following schedule is planned for the Ohmsett Testing of Herder Persistence in Waves
Tests.

DATE EVENT

May 5, 2011 Submit Draft Test Plan

May 14 to 20, 2011. Tests at Ohmsett

May 31, 2011 Deliver Raw and Processed Data,
Observations and Photo Video
Documentation to SL Ross

December 31, 2011 Submission of Draft Final Report
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ACROS COM

Mdaterial Safety Cata Sheet
2-ETHYL-1-BUTANOL, 23%

Szction | - Chemical Product ard Campargy [dentiflzatian

MAEDS Mume! .BTHYL-1-BUTANOL, 88%,
Cabalog Humbers 1RE1 70000, 18171000
Eynamyma: 2Bkt -aloahel
Acms Crpamics BVEA
Campany [dantificatian Janzen Pharrmacsuticilaan Ja
2444 Geel, Belgium
Atz Cipamics
Company Mentification. [TTE4) Ui Boagend Lane
Fair Lawm, NI 07410
Fat mformatian in the 175, cll B ACROS-1H
Far ifarmation tn Enrope, call +32 14 5752 11
Briergercy Murmber, Burope +32 14 57 52
Briergency Mumber L5 T 96T
CHEMTREC Phone Mumber, US: Blblba i} 4 34k
CHEMTEEC Phone Mhumber, Exrops; T3-527-5ER7

Section 2 - Compogtion, Information on Ingredientz

CASH Chermiez] Nams % HENECSy

Y050 LETHY L-1-BUTANCL 98% 202.621.4
Hazard Bymbola X

Fizk Fhinzes: 212
Section 3 - Hazards [entification
EMERGENCY OVERVIEW
Haurmiful mocontact with sk and iF awa Howed
Patential Health Efeciz

Hye May ainze eve imtation

2k May canwe skin ymitshon: Haonful of abeorbed fiough the alon
Tnpsshian Harmful if swallowed. May canse irmiishon of fhe dipetoe tract
Inhalaticn May cange perpimtony iraot oreteion. May be heeoful i inhaled
Chrvnie Het weailable.

Section 4 - Firat Aid Measues
Flush =yer with plenty of waber for at leaxt |5 minntes, oncazonally bfting the npper and lower eyelids. Get medical and

Hpes immediatsy

ki (et medical aid. Fluah skan with plenky of waber for st lzaat 15 minober whils removing costaminated clothing and shoss. Bemove
ot minated clofhing ard shose

ligeion IF wctim 1z congciom and slen, mve 34 copfuls of mlk ocwater. Get medics] ool oomeedaely, Do HOT wduee vomtng, I

conseions and alert, fned mouth and drink 2.4 cuplicls of milk or water.

-81-



i Get medical aid immedimtsty. Remove fram sxposurs and mows b fresh air immedisbety. IF not breathing, gies srtifics] ssapimtion
TFbresthing is difeult, zive cxypen

Hoses to
Fhymcian
Section 5 - Fire Fighting Messurez
Jeneral A in any fire, weat 5 ssll-cortained hreathing apparatus in precenre-deoand, MSHANIOSH (approsed or eqoivalent), and
Information full protective gear Flammable Liqud and vaper.
ﬁ:;?"w I oae= of fire, uee water, dry chemicsl, chemmsl foam, or dlechel-resistant fosm. Use sgent most sppropriabe to extioguish fire
Secticn 6 - Accidental Release Measiies
St ge o1 ol protechve equipment a2 indieated in Section 3
bk propst peraomal p quipme %
SpillafLiesla Abaorh apil] with inerl material (e.g, vermiculite, sand or garth], fhien place in suitable container Claan up apille inmediaely,

observing presantions in the Frotective Bquipment sechion. Eemove all aources of 1igmition. Ter 5 spark=prood sol,
Section T - Hapdling and Stormge
Hsdling: Lz ml’lr.—pfmf’mnls ard explomion proof sgqnpment Emply oomtamers retain product residne, {ligmd sndfer vepor], and can be
dangerous. Feep away from beat, sparks sl flave.
Sorugs Keep away from heat, spares, snd flame. Keep away from sources of ignmon
Section ¥ - Exposure Contols, Personal Protection

Brgimesrng Controls:

[Ta adeqinate general or locl sx plogonsproat ventilatian b keep airboine levels t aooeptabile lewsle,
Bxpraure Limita

CASE 97-95-0

Ferzaml Frotective Bau prnent
Byes “Wear chermcal gplash poggles:
Skin Wear appropriste protective gloves 1o prevent sin exposime
Chthing.  Wear apprapriate pratective clathing to minimize contaet with dkin
A pespimatory profection proprum thal meets OSHA" 29 CFR 1950134 and ANST Z88.2 requiresnents of European Standad BN
Redprrators . 149 must be fodkowed whenever scnlgplace conditions wanant a respirsion's use, Wear & NIDSHMEHA o Ewropean Standard BN
143 approved full-fagepiece girline respirator-m fhe positive pressure mode with smergency escape prowizions,
Section - Plysical and Chemical Fropertior
Phyarcal State Cler hiqud
Color colordess - hght yellow
Chlor Mone reparted.
pH Mof availahls
Vapor Fressure: 1,7 hPy @ 26 C
Viscoaity. 7.6 MEA 2000 Jag €
Eriling Font 146 deg © @ 760, 00mim Hy { 264.90°F)
ErczingBdalting Palut: 0 deg C {32 (0F)
Autoipniion Temperaturs: 315 deg © (399,00 deg F)
Flazh Faint: 57 dep C{ 134,60 deg F)
Explosion Limite: Lowsr Nof available
Exploson Limmte Upper ot available
Eeeompeantion Temperatars
Solubility in water 10 gl (20°C)
Spacific QrvirpDenaity: S300g' a3
Molerular Farmuls: C6H 140
Molecolar Weight 102,18
Section 10 - Stability and Beactmty
Cherical Stabiliny Saabde vmder nosmal tenaperaiures md pressaies.
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Conditions bo &vord; Incompshble materials, o s
Incomipatibdlition with Ciber Materiala Strang moichnng agente, pirong acide
Hizsdons Decoangrosition Products Carbon maraxide, irmtating send bazie fumes and gaaes, crhon dieeide
Huznrdoup Polymerization Hina not been pepatted.
Sectwmy 11 - Tazicologicsl Information
RTECES: CASE 97050 ELFR500M

_ CAR¥ 97-95-8; ral, rabbrit; D50 = 120 mpfeg;
R Cral, - LDS0 = 1850 me'ke;
Skin, rabbit: LESG = 1260 ul /kg;

Catcibogeniciy: FETHYL.1. BUTANOL - Not listad & a carcinogen by ACGIH, IARC, or NTP.
Dther; See acmal entry 1o BTBCS for complete information
Bection 12 - Beolegcal Informsbion
Hat wvailable
Secticon 13 - Dispoaal Conziderationz
Digpoze of in 4 mancer conzigient with federdl, state, and lacal regulations.
Bectiom 14 - Transport Information

IATA TMT RILVADE
Shipping Hame 2-ETHYLBUTAMNOL 2ZETHYLBUTANOL 2.BETHYLBUTAMIH.
Huzard Class 3 B 3
U Mismber: 2075 224 2275
Packing (Froup: m m m
Section 15 - Hegulatery Inforration
Buropenintrimaticral Regulations
Burcpean Labeling tn A=cordince with BC Tiirectives
Hazand Symbels XN
Risk Phrases:
K 21722 Harmful in contact with akin and f swaliowed
Suf=ty Fhrases:
WK (Water DangerProtection )
CASR 018540 1
Canads
CASH 97950 ip lizted an Cunada's DEL Lizt
US Federal
TSCA

CASH 97.95.] iz livted on the TECA Loventory,

Bection 16 « Other [nformation

MEDS Creston Dates 7/ 14601 9%
Bevizion #] Date Crigmal

The informahion sbeoe iz believed to be socurabe ard representz the best informaton comently avmlable o vz However,
we pnake no warranty of merchantinlity or wny ofber warmnty, expreas of impbied, with respect 1o such informaton, and
we asmune no Hakdlity resuliing fram itz uee. [Tzes shionld malke their own inwestigatiane b deberming the suitability of te
infremation for their particular purpopss; In ne event shall Figher liabls for amy claims, lesses, ar damages of any third
gty of far legt profite or sty apecial, indivect, incidental, consequential or sxemplary damages howsdever LHE0g, ¢%n
i Figher his been adwised of the pasibility of such domages.
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BASF Carporatich

Material Safery Data Sheat
FPags 1
original Date: 0Z/09/1998
Ravisicn Dabe: 09/1z/2002
BASEF QORPORATICN
FERFOEMANCE CTHEMICTALS
=000 QONTIHNENTAL DRIVE HORTH
MOUNT CLIVE, NJ O07EZ2E
[e00] BZ2-HELFE
EMERJENTY TELEFHONE ! |800)] 424-9200 CHEMTEEC
{g00) E22-HELEP [(BASF Hobline)
BOTH RUMBEES AFE AVAILABLE DAYS, NIGHTE, WEEEENDS, & HOLIDAYS.
SECTION 1 - FRCDUCT INFCEMATION
S-MAZE 20 M1 SCREITAN MONOLAURATE
Frodust ID: RCE EREEERE
Commen Chemical Name:
SCEBITAN MONOLAUTREATE
Syncayms ¢
HOHE
Molacular Formula:
Chemical Family: Hob Applicable
Molecular We . : HOT APFLICABLE
SECTION 2 - INGREDIENTS
Chemical Hame: CAE Amounke
SCORBITAN, MONCODODECANGATE 1z28-39-2 ~ 100.0
FEL/TLY NOT ESTABLISHED
Vitamine E Alschol 10181-41-0 ~ 100.0 FE
FEL/TLY HOT ESTABLISHED
SEECTICON = - FHYSICAL FROFERTIES
Colors Dark Brown
Fobm ) Ap P ranse Liguid
o Py o Esbear
oder Incensiby: pald
Typical Leow/High LS
Specific Gravicy: 1.05 @ 25 CE3 O
EH: HOT AVAILABLE
Typical Lew/High Dy . i Presaure
Boilinmg PLu > 200 F 1 ATHOS FHEEES
Fraszing PC: HOT AVATLABLE
Doy . T HOT AVAILABLE
Solubkilibty in Wabker Deascsripbicn: Digperaible
VaEor Pregalured < 1 Bl HG b 5 25 DEd. C XX
Vapcr Denglity [(Adr = 1): =1
Volacilae by Wal. % - 1
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E-MAZ® 20 M1 SOREITAN MONCLAURATE
NCES BEBESS PRge
SECTICN 4 - FIRE AND EXFLOSION DATA

Typical Low/High Dhg . Mathod
Flash Point: ] 200 F PENSEXY-MARTENS TLOSED O
Autzsignibion: HOT AVAILABLE

Extingquishing Media:

Tae wabter, dry extinguishing media, carkon diowide [(022) or foam.
Fire Fighting Procedures:

Firefighters should be aquipped with self-conbtained breathing

apparatus and turn oub gear.
Unusual Hazards:

Thera are ne known umueual fire or exploslon hazards.

SECTICH § - HEALTH EFFECTS

Roubes of aentry for solids and liguids include sye and skin
coenback, ingeeticn and inhalacicn. Roubes of encry for gases
include inhalaticn and eye contackt, Skin contact may be a rouke
of entry for ligquifisd gases.

Aoube Overaxpoaure Effecte:
Contacst with the eyes and skin may result in irreitatlon,
Irhalaticn may result in respiratory irritaticon. Ingeebicn may
regult in gastric disturkances.

Chrenie Swveraxposure Effects:
There are ns known chronic «ffects aspoeciated with this material |

Firat Ald Procedures - Skin:
Wagh affected areas with scap and water. Remowve and launder
contaminated slothing befors reuse. If irritatlen dewvelops,
gatb medical actenticn.

Firat Aid Procedures - Eyéas:
Immediabaly rines ayes with running water for 15 minuees. If
irritaticn develops, got medical attention.

First Ald Procedurea - Ingestion:
If ewallowsd dilube with water and immediately induce wvoemibing.
Hearer give flulde or induce womiting if Che wictbim le unccnecicue o
having comuleicna. Get imnediabe medical abtentcion.

Firet Ald Procedures - Inhalatbion:
Mowe bto fresh alr. #id in bresthing, If necesaary, and got
immediate maedical atbenbieon.

Firat A)ld Procedures - Mobes o Physiciane:
W known .

Firat Aid Procedures - Aggravated Medical Conditicons:
N data ds availakle which sddregses medical cenditicone thab are
generally recognized as keing aggravated by exposure to thie product.
Fleags refer bo the effects of cverswposure section for affects
[1f any] chserved in animalse.

First Aid Procedures - Special Precauticna:
Home

SECTION & - EEACTIVITY DATA

Stakility Data:
Ecakla

-85-



E-MAZ® 20 M1 SCREITAN MONCLAURATE
NCES EEREDS PEge
SECTION & - REACTIVITY DATA (cont)

Incompatakilicy:

Scrong cmidizers.
Coenditione/Hazards fo Avoid:

No data availakle.
Hazardcns Decompositlon/Polymerizacizn:

Hazardcus Decomposlition Preducte: He Daca Avallable.
Corrogive Froperbiss:

Nokb corrosive.
Cxidizer Propertiss:

Hobk an oxidizer
Other Reactiwvity Datad

Neone kncwm .

SECTION 7 - FERSCHAL FROTECTICN

Clathings

Alesres, ccveralls, apron, boocte as neceggary to minimize concackb.
Eyeg:

Themical goggles: alas wear a face ghield if splashing hazard axiste.
Feepirablon:

Approved crganic vapsr mist resplirabsr as NecsESArY.
Venbilabion:

Uee lecal axhaust bo ccnbrel wvapore/miecs.
Explosion Proofing:

Nenes vesquired.

SECTION B - SPILL-LEAK/ENVIRCHMENTAL

Ganaral .
Epille shonld ke contained, solidifed, and placed in suitakble
containera for disposal in a licensed facility. Thie material is
not regulated by BCRA or CERCLE ("Superfund©] . Wear appropriate
regpiratory protectlon and probtestbive clothing and provide adequate
ventilatien during clesn-up.

Wasbe Digpoaal .
Incinerafe in a lilcsneed faciliby. Do nobt dischargse inte waterways
or aewer gysboms,

Container Dleposal -
Digpose of in oa licensed facility. ERecommend crushing cr obher means
b prevent unsubhorlzed repses.

SECTION 9 - STORASE AWD HANDLING

General :
Feap contalnere cloged.
Sbore in well wventbilated aress below 120 F.
EECTICN 10 - RESULATORY TIHERCREMATION

TECA Inventory Stabue

Lisbted on Invenbory: TES
RCRA Haz. Waste Ho | KA
CERCLA: MO Rapartakla Gty o (If YES)
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S-MAZ® 70 M1 SORBITAN MONOLAURATE
NCS BEEBEIE PRge
SECTION 10 - REGULATORY INFCORMATION (conk)

Stabe Regqulateory Informabicn: (By Componert) HI/PA/MA RTE
CAS 4 l2ZH-29-2 HO
HANME SORBITAN, MONODODECANOATE
CAS: 10151-41-0 HO
NAME: Vitaminse E Alcchol
Hazard Racinge:
Hazlch: Flre: Reactivicy: Special:
HMIS 1 1 o HA
HFEPA 1 1 1] NA

Thie product js net hazardeue according co che OSHA Hazard
Communicatisn Standard.,
EECTICN 11 - TEANSPORTATICH IHNFORMATICH

OOT Proper SRipping Hame:

W/

[T Technical Hame:
W/

O0oOT Primary Hazard Claes:
W/

LT Secondary Hazard Class:
WA

OOT Lakal Required:
H/iA

LT Flatcard Required:
K/

OOT Poiecn Conebicusent:
H/iA

BASF Commcodiby OCodes: HA HA UM/ HA Do JE Guide: HiA

Bill of Leding Descripblcn:
HOT REGULATED BY THE DEFARTMENT OF TRANSPORTATION
"IMBCRETANT : WHILE THE DESCRIPFTICNS, DESIGHS, DATA AND INFORMATICN
CONTAINED HEREIN AFE FRESENTED IN G000 FAITH AND BELIEVED TS BE
ACCURATE, IT I5 FROVIDED FOF YOUR GUIDANCE ONLY. BECAUSE MANY FACTORS
MAY AFFECT FROCESSING OF APFLICATICN/USE, WE RECCMBMEND THAT YoOU MAKE
TESTS T2 DETERMINE THE SUITABILITY OF A FRODUCT FOR YOUR FPARTICULAR
PURBCSE FRICE T2 TSE. RO WAREANTIES OF ANY KIND, EITHER EXFRESSED CR
IMEFLIED, INCLUDING WAREANTIES OF MERTHANTABILITY CE FITHESS FOR A
PARTICULAR FURBOSE, AFE MADE EREEGARDING PRODUCTS DESCERIBED OF DESIGHS,
DATA OR INFORMATICN SET FCORTH, OR THAT THE PRODUCTS, DESIGHS, DATA
OR INFCRMATICH MAY BE TUSED WITHCUT INFREINIING THE INTELLECTUAL
FPEOPERETY RIGHTS OF COTHEES. IN HNO. CASE SHALL THE DESCRIFTIONS,
INEORMATION, DATA OF DESIGHNS FREOVIDED BE CONSIDERED A PART OF COUR
TERMS AND CTOHDITICNS OF SALE, FURTHER, YOU EXPRESSLY UNDERSTAND AND
ACREE THAT THE LDESCRIPTICHS, DESIGHS, DATAR, AND INFCEMATICN FURNISHED
BY BASF HEREUNLDER AFE GIVEN GRATIS AND BASF ASSUMES HO CBLIGATION OF
LIABILITY FOR THE DESCRIFTION, DESIGHNS, DATA AND INEBOEMATION QJIVEN
OFR RESTULTS COBRTAINED, ALL EUCH BEING SIVEN AND ACTEFTED AT YOUR RISE",
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S-MAZ® 20 M1 SCREITAN MOHOLAURATE
NCE 55E685 Page
SECTICN 11 - TRANSECRTATION INFORMATICN (cont]

ENLD OF DATA SHEET
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SILTECH CORP.

Material Safety Data Sheet

Silsurf A004-D Revised: June 14, 2007
MSDS NR: 2001.4

SECTION 1. CHEMICAL PRODUCT/COMPANY IDENTIFICATION

Material Identification: Silsurf A004-D Company Identification: Siltech Corp.
Chemical Name: Polydimethylsiloxane Copolymer 225 Wicksteed Avenue
CTFA Name: None Toronto, Ont.

M4H 1G5

(416) 424-4567

SECTION 2. Composition/Information On Hazardous Ingredients

CAS NR Wt % Componerits Exposure Limits
None

THIS MATERIAL IS FOR INDUSTRIAL USE ONLY, NOT FOR FOOD, MEDICAL OR DRUG USE.

SECTION 3. HAZARDS IDENTIFICATION
There are no potential health effects expected from handling this material. Good manufacturing practices are always
recommended when handling any chemical.
There are no significant laboratory data to suggest any hazard to humans.

Eyes: Direct contact may cause temporary redness and discomfort.

Skin: No significant irritation expected from a single short-term irritation.
Inhalation: No significant effects expected from a single short-term exposure.
Oral: Low ingestion hazard in normal use.

Repeated exposure effects:
Skin: Repeated or prolonged exposure may cause irritation.

Inhalation: No known applicable information.
Oral: No known applicable information.

Comments: None.

SECTION 4. FIRST AID MEASURES
Eves: Immediately flush with water for 15 minutes. Obtain medical attention if irritation occurs.
Skin: Remove contaminated clothing and wash with soap and water. No first aid should be needed.
Inhalation: Short-term harmful health effects are not expected from vapour generated at ambient temperatures. If first aid
is required move victim to fresh air.
Oral: No first aid should be needed. If discomfort occurs, obtain medical attention.

Comments: Treat symptomatically.

SECTION 5. FIRE FIGHTING MEASURES
Flash Point : > 100 C by Pensky Martens closed cup.

Autoignition Temperature: Not determined.

Flammability Limits in Air: Not determined.
Extinguishing Media: Carbon dioxide (C0,) water spray. Dry chemical foam water can be used to cool fire exposed

containers.

Fire Fighting Procedures: Self-contained breathing apparatus and protective clothing should be worn in fighting fires
involving chemicals.

Hazardous Decomposition Products: Silicon dioxide. Carbon oxides and traces of incompletely burned carbon
compounds.
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SILTECH CORP.

Material Safety Data Sheet

Silsurf A108 Revised: April 01, 2007
MSDS NR: 2004

SECTION 1. CHEMICAL PRODUCT/COMPANY IDENTIFICATION

Material Identification: Silsurf A108 Company Identification: Siltech Corp.
Chemical Name: Polydimethylsiloxane Copolymer 225 Wicksteed Avenue
INCI Name: PEG-8 Dimethicone Toronto, Ont.

M4H 1G5

(416)424-4567

SECTION 2. Composition/Information On Hazardous Ingredients

CAS NR Wt % Components Exposure Limits
None

THIS MATERIAL IS FOR INDUSTRIAL USE ONLY, NOT FOR FOOD, MEDICAL OR DRUG USE.

SECTION 3. HAZARDS IDENTIFICATION
There are no potential health effects expected from handling this material. Good manufacturing practices are always
recommended when handling any chemical.
There are no significant laboratory data to suggest any hazard to humans.

Eyes: Direct contact may cause temporary redness and discomfort.

Skin: No significant irritation expected from a single short-term irritation.

Inhalation: No significant effects expected from a single short-term exposure.

Oral: Low ingestion hazard in normal use. ¢

Repeated exposure effects:
Skin: Repeated or prolonged exposure may cause irritation.

Inhalation: No known applicable information.
Oral: No known applicable information.

Comments: None.

SECTION 4. FIRST AID MEASURES
Evyes: Immediately flush with water for 15 minutes. Obtain medical attention if irritation occurs.
Skin: Remove contaminated clothing and wash with soap and water. No first aid should be needed.
Inhalation: Short term harmful health effects are not expected from vapour generated at ambient temperatures. If first aid
is required move victim to fresh air.
Oral: No first aid should be needed. If discomfort occurs, obtain medical attention.

Comments: Treat symptomatically.
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SECTION 5. FIRE FIGHTING MEASURES
Flash Point: > 100 C by Pensky Martens closed cup.
Autoignition Temperature: Not determined.

Flammability Limits in Air: Not determined.
Extinguishing Media: Carbon dioxide (C0,) water spray. Dry chemical foam water can be used to cool fire exposed

containers.

Fire Fighting Procedures: Self-contained breathing apparatus and protective clothing should be worn in fighting fires
involving chemicals.

Hazardous Decomposition Products: Silicon dioxide. Carbon oxides and traces of incompletely burned carbon
compounds.

SECTION 6. ACCIDENTAL RELEASE MEASURES
Containment/Clean up: Sections 13 and 15 of this MSDS provide information regarding certain Federal and local
requirements. Collect for disposal. Clean up remaining materials from spill with suitable absorbent. For large spills
provide diking or other appropriate containment to keep material from spreading. If diked material can be pumped, store
recovered material in appropriate container. Clean area as appropriate since some silicone material, even in small
quantities, may present a slip hazard. Final cleaning may require steam, solvents or detergents. Observe all personal
protection equipment recommendations described in Sections 5 and 8 of this MSDS. Observe all Federal, Provincial and
local regulations that may apply to the clean up of this material.

SECTION 7. HANDLING AND STORAGE
Handling (Personnel): Safety Glasses and PVC Gloves.
Storage: Keep container tightly closed. Product is “non-hazardous”.

SECTION 8. EXPOSURE CONTROLS AND PERSONAL PROTECTION
Engineering Controls: Local Exhaust: None should be needed.
General Ventilation: Recommended.

Personal Protective Equipment for Routine Handling
Eyes: Use proper protection - safety glasses as a minimum.
Skin: Washing at mealtime and end of shift is adequate.
Suitable Gloves: No special protection is needed.
Inhalation: No respiratory protection should be needed.
Suitable Respirator: None should be needed.

Personal Protective Equipment for Spills
Eyes: Use proper protection - safety glasses as a minimum.

Skin: Washing at mealtime and end of shift is adequate.
Inhalation/Suitable Respirator: No respiratory protection should be needed.
Precautionary Measures: Avoid eye contact.

Note: These precautions are for room temperature handling. Use at elevated temperatures or aerosol spray applications
may require added precautions.

SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES

Physical form: | Clear Liquid | Not determined
Colour;:  4Max | Notapplicable
Odour: - IMild  Boiling point: ' >100 C @ 760 mmHg
Spec 777 | lOngp/mJ . Vapour Pressure @ 25C: | Not determined
Solubility in Water: Soluble pH: Not determined
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SECTION 10. STABILITY AND REACTIVITY

Chemical Stability: Stable

Hazardous Polymerization: Will not occur.
Conditions to Avoid: None known.

Materials to Avoid: None known.

SECTION 11. TOXICOLOGICAL INFORMATION
Optional Section - Complete information not yet available.

SECTION 12. ECOLOGICAL INFORMATION
Optional Section - Complete information not yet available.

SECTION 13. DI1SPOSAL CONSIDERATIONS
Landfill and/or incineration where permitted under Federal, Provincial or local laws. Observe all local, Provincial, and
Federal waste management regulations.

SECTION 14. TRANSPORTATION INFORMATION
Shipping Name: Not applicable
Technical Name: Not applicable
Primary Class: Not applicable
Subsidiary Risk: Not assessed
Product Identification Number: Not applicable

Packing Group: Not applicable

SECTION 15. REGULATORY INFORMATION
This product has been classified in accordance with the hazard criteria of the CPR, and this MSDS contains all the
information required by the CPR.

WHMIS Classification: This product is not subject to WHMIS regulations

SECTION 16. OTHER INFORMATION
The data in this MSDS relates only to the specific material designated herein and does not relate to use in combination
with any other material or in any process. This data is offered in good faith as typical values and not as product
specifications. No warranty, either expressed or implied, is hereby made. The recommended industrial hygiene and safe
handling procedures are believed to be generally applicable. However, each user should review these recommendations in
the specific context of the intended use and determine whether they are appropriate.

Responsibility for MSDS: David Coelho
Address: Siltech Corp.
225 Wicksteed Avenue
Toronto, Ontario, M4H 1G5
Telephone: (416) 424-4567

This is the last page.

-93-



Appendix 4 — Ohmsett Test Data
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Additional raw test data may be found in the report submitted by MAR, Inc. on the tests entitled “Task Order 493 — Ohmsett Testing
of Herder Persistence in Waves, May 14 — 20, 2011”
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