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Executive Summary

Research on using chemical herding agents to thicken oil slicks in pack ice conditions for in situ
burning has proved successful. Herding agents applied to the water surface around the edge of
spills of fluid oil in broken ice conditions cause the oil slicks to contract and thicken to ignitable
thicknesses. As a result of that success, a two-year program of R&D was undertaken to
determine if there was a potential to use herding agents to improve other areas of marine oil spill
response, specifically:

* Employing herding agents in drift ice to enhance recovery of spilled oil with skimmers;

® Using herders to clear oil from marsh areas; and,

® Applying chemical herders around oil slicks on the open ocean to improve the

operational effectiveness of subsequent dispersant application

Laboratory and Ohmsett experiments on the use of herders to enhance mechanical recovery in
drift ice showed that:
® The use of herders in drift ice conditions could potentially improve the Oil Recovery Rate
and Oil Recovery Efficiency performance of weir skimmers by factors of 2 to 10;
however, the oil thicknesses produced by the herder were too low to permit optimal
performance of the weir skimmer.
® No significant improvement was measured in the performance of a disc skimmer in
herded slicks compared to unherded slicks.

Results from preliminary salt mash tests indicated that:

* In none of the static tests did the herder clear the oil completely from the marsh plants.

® In some tests the herder caused the oil slicks to contract in size sufficiently to
significantly reduce the oiled area of the marsh; however, even in these cases, there
remained a ring of oil at the waterline around the originally oiled stalks of the marsh
plants.

® In all cases, after herder had been added, the slicks were thick enough to support ignition.
This is a significant finding, since even though the herder did not clear the oil out of the
marsh plants; it could contract the oil sufficiently to allow in situ burning.

In the case of the experiments on using herders to improve operational efficiency of dispersants:
® The use of herders on an oil slick did not detract from the effectiveness of chemical
dispersant application.
® Using herders to contract slicks on open water can improve the operational efficiency of
dispersants applied by vessels.
® Herding a slick to be sprayed with dispersants from aircraft could reduce operational
efficiency (by wasting large amounts of the dispersant).



1 Introduction

As a result of the experimental success thickening oil slicks for in situ burning in pack ice a two-
year research project was completed to begin to study whether herders can assist with other areas
of spill response that have inherent restrictions on effectiveness, specifically:
* The use of herding agents in pack ice to enhance mechanical recovery of spilled oil with
skimmers;
® Using herders to clear oil from marsh areas; and,
® Applying chemical herders around oil slicks on the open ocean to improve the

operational effectiveness of subsequent dispersant application.

1.1 Background

Field deployment tests of booms and skimmers in broken ice conditions in the Alaskan Beaufort
Sea highlighted the severe limitations of conventional equipment in even trace concentrations of
broken ice (Bronson et al. 2002). In situ burning may be one of the few viable options to quickly
remove oil spilled in such situations. One fundamental problem with the application of in situ

burning to oil well blowouts or subsea oil pipeline leaks is that the slicks are initially too thin, or
they can thin quickly, preventing effective ignition and burning. Effective burns could be carried
out in drift ice conditions (up to 6 tenths coverage), even with no possibility of booming, if these
slicks could be thickened to the 2- to 5-mm range (SL Ross 2003). Conventional fire booms may

not work efficiently in these ice conditions.

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 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 lineal kilometre or 2

gallons/mile) will quickly clear thin films of oil from large areas of water surface, contracting it
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into thicker slicks. Appendix A contains an explanation of how herders work. Field tests of
herders on open water with a 25-gallon fuel oil slick in Chesapeake Bay (Garrett and Barger
1972) and a 5-ton crude oil slick in the North Sea (Rijkwaterstaat 1974) have shown them to
retain their efficacy for several hours in winds of 6 m/s (12 knots) with 2-m (6-foot) seas,
providing the herder is replenished periodically. Preventing a slick on water from spreading for
many hours among drift ice should be achievable and would offer a valuable extension to the

window of opportunity for slick ignition.

Although commercialized in the 1970s herders were not used offshore because they only work in
very calm conditions: physical containment booms are still needed to hold or divert slicks in
winds above 4 knots and breaking waves disrupt the herder layer. For application in loose pack
ice, the intention would be to contract freely-drifting oil slicks to a burnable thickness, then
ignite them with a Helitorch or hand-held igniters. The herders will work in conjunction with the

limited containment provided by the ice to allow a longer window of opportunity for burning.

A very small scale (1 m?) preliminary assessment of a shoreline-cleaning agent with oil herding
properties was funded by ExxonMobil in 2003 to assess its ability to herd oil on cold water and
among ice (SL Ross 2004). The results were promising:
® Using the shoreline cleaner on cold water (2°C) greatly reduced the area of sheens of
fluid oils, but the thickness of the herded oil was only in the 1-mm range.
® On thicker (about 1 mm) slicks, the shoreline cleaner effect was much more promising
and could herd slicks to thicknesses of 2 to 4 mm.
® Although the presence of ice slightly retarded the effectiveness of the herding agent, it
still considerably thickened oil among ice.
® The composition of the oil appeared to play a strong role in determining potential

efficacy: oils that gelled or did not spread readily on cold water could not be herded.

Further experiments were then performed: small-scale experiments (1 m?) to explore the relative

effectiveness of three oil-herding agents in simulated ice conditions; larger scale (10 m?)
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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-scale (0.33 L) in
situ ignition and burn testing (SL Ross 2005). The results from these experiments showed that
the application of a herder to thin oil slicks in pack ice has considerable promise for thickening
the oil for in situ burning. One herder formulation (65% Span-20 with 35% 2-ethyl butanol tested
by the U.S. Navy — Garret and Barger 1972) proved to be the best suited for cold conditions. The
herded thickness produced by this formulation was consistently in the 3+ mm range for 1-L and
greater slicks. This would allow ignition using conventional gelled gasoline igniters and result in
66 to 75% removal efficiencies (SL Ross 2003). Small oil slicks herded by the chemical were
successfully ignited and burned. The burn efficiencies measured were similar to those for
physically contained slicks of the same dimensions. In a real spill situation, once a large, 3 to 4
mm slick of oil on water had been ignited around its periphery, it is possible that the inward air
flow generated by the combustion would further herd the oil to thicknesses of 10 mm (Buist

1987), resulting in even higher oil removal efficiencies.

Next, 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 was
initiated (SL Ross 2007). The program included:

1. 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.

2. Experiments at the scale of 1000 m* at Ohmsett — The National Oil Spill Response Test
Facility, in artificial pack ice in February 2006.

3. 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.

The U.S. Navy cold-water herder formulation (65% Span-20 and 35% 2-ethyl butanol) used in

these experiments proved effective in significantly contracting fluid crude and refined oil slicks
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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 useful 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 sifu 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, as one component of a large field program co-ordinated by SINTEF as part
of a Joint Industry Project (Serstrom ef al. 2010), 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-
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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 (Buist ez al. 2010).

1.2 Objective

The objective of this multi-project research program was to determine whether herding agents
could contract oil slicks in specific spill situations where conventional countermeasures have

limited effectiveness and thereby enhance marine oil spill response operations.

1.3 Goals

Specifically, the goals of the program were to:
1. Research the use of herding agents in pack ice to enhance mechanical recovery of spilled
oil with skimmers.
2. Conduct preliminary experiments to determine the feasibility of using herders to clear oil
from marsh areas.
3. Carry out experiments to study if applying chemical herders around oil slicks on the open

ocean could improve the operational effectiveness of subsequent dispersant application.



2 Using Herders to Enhance Mechanical Recovery of Oil in
Drift Ice

The main problem with using mechanical recovery systems in drift ice conditions is that the
booms, deployed to collect and concentrate oil for effective skimming, also collect and
concentrate ice pieces that quickly render the skimmers ineffective (Bronson ez al. 2002). The
research on using herding agents to thicken slicks for in sifu burning has shown that they can
significantly contract and thicken oil slicks among ice, without concentrating the surrounding ice
(SL Ross 2007). This could be beneficial to mechanical recovery. In fact, as a skimmer removes
oil from the center of a herded slick, the action of the herding agent may cause the slick to
continuously contract towards the skimmer, eliminating the need to move the skimmer around to
contact all the oil. However, it has been observed that the active ingredient in herding agents (the
surfactant) renders sorbent pads less hydrophobic and their water retention increases
considerably. This could be a significant detriment to oleophilic skimmers such as drums, discs
and rope mops whose recovery surfaces contact herding agent. This should not be an issue with
other skimmers types such as weirs and vacuums. This part of the test program involved

experiments at the SL Ross laboratory, followed by large-scale experiments at Ohmsett.

2.1 Laboratory Experiments

2.1.1 Methods
As a precursor to large-scale experiments with real skimmers, a series of bench-scale and
wind/wave tank experiments was undertaken at the SL Ross laboratory to determine the

feasibility of using herders to enhance skimming operations in pack ice.

The first series of tests involved 54 individual dip tests to determine if common oleophilic
materials used in oleophilic skimmers would be detrimentally affected by contact with herding
agent prior to contacting the oil to be recovered. Pre-weighed samples of aluminum, PVC and a
section of Lamor Corporation stiff brush were dipped into a glass bowl containing either water or
USN herder on the water (at a nominal dose of 250 mg/m?). Next the material sample was dipped

into a bowl with a 10-mm layer of oil on the water, removed and allowed to drip for 1 minute
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before being reweighed. Five repeats were done, and the average retention of oil on the samples
was calculated. The following parameters were varied in the dip tests:
Three water salinities - 0, 15 and 30 %o;

® Three oil types -Alaska North Slope (ANS) and Kuparuk crudes and No. 2 Fuel oil (diesel);

® Three oleophilic materials.
The next series of tests was carried out in the indoor wind/wave tank (with 30 ppt salt water at
0°C) at the SL Ross laboratory (Figure 1). Two sheet metal-wall, open-bottomed enclosures
(each 1.1 m wide x 2.4 m long x 20 cm deep) were suspended in the tank at the water surface to
create two small test areas (Figure 2). Various sized pieces of 1”-thick, low density polyethylene
(LDPE) sheet were floated on the water inside the enclosures to simulate drift ice. The tests
involved measuring the performance of both a small surrogate weir skimmer (Figure 3) and a
small disc skimmer mock-up (Figure 4) with and without herding agent applied to the slick to be

skimmed.

The first of two recovery tests was conducted in a 1-mm thick 2.5-L slick covering the enclosed
water surface: the second in an identical slick treated with the USN herder. The slicks were
photographed from above (Figure 5) for area (and thus thickness) analysis and the tests were
videotaped. Oil recovery rate (ORR — the volume of oil recovered per unit time), Oil Recovery
Efficiency (ORE — the fraction of oil in the recovered fluid) and Throughput Efficiency (TE- the
percentage of the original oil that was collected) were measured for each test using large,

graduated glassware and a vacuum pump to remove oil from the skimmer sumps (Figure 6).

Figure 1: Refrigerated wind/wave tank at the SL Ross laboratory.
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Figure 2: Test section in SL Ross wind/wave tank containing artificial ice floes made from 17-
thick LDPE.

Figure 3: Surrogate weir skimmer used in tests.
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Figure 5: Test area photos a) before herder, b) after herder, and c) after skimming.
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Figure 6: Vacuum pump and glass bottles used to collect recovered oil from skimmers.

The following parameters were varied in the 14 wind/wave tank tests completed:

® Three ice covers (0, 10 and 30 %)
® Three oil types (two crudes that are fluid at ambient temperatures and No. 2 Fuel Oil)
® Two skimmer types (weir and oleophilic disc).

2.1.2 Laboratory Results and Discussion

The dip tests results are shown in Table 1. The overall average reduction in adherence of oil to
the material dipped in herder was 19% for the PVC and 5% for the Aluminum. There was no
significant difference in the adherence results for the stiff brush. Both the ANS crude and No. 2
fuel oils were quite light with low viscosity and thus not very much of either adhered to the clean
material samples. This could lead to large errors due to small differences in weights. The
Kuparuk crude was more viscous, and adhered better to the materials. The average adherence
reductions for the Kuparuk crude were 21% for PVC and 12% for aluminum. Again, there was
no difference for the stiff brush. Figure 7 shows the tests results for the two surrogate skimmers

in the wind/wave tank. Full data may be found in Appendix B. The top row of graphs presents
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Table 1. Results of oleophilic material dip tests at SL Ross laboratory.

US Navy herder

ANS, Kuparuk & Fuel Oil #2

0, 15 & 30 ppt salt water

Aluminum, PVC & brush skimmer coarse brush

Oleophilic material dipped first in either water or herder-covered water, then dipped in water with 10mm oil cover, then allowed to drip for 1 minute
Five repeats, generally

Weight of oil left after 1 minute drip

Material Oll Salt Herder Dip #1 Dip #2 Dip #3 Dip #4 Dip #5 Dip #6 | Average [Percent of
— (ppt) (gm) (gm) (gm) (gm) (gm) (gm) (gm) | no herder
ANS 0 No herder 0.14 0.14 0.15 0.13 0.14 0.140
Herder 0.12 0.12 0.11 0.10 0.13 0.116 83%
15 No herder 0.13 0.11 0.12 0.16 0.12 0.128
Herder 0.11 0.09 0.11 0.12 0.08 0.102 80%
30 No herder 0.12 0.13 0.11 0.1 0.11 0.16 0.123
Herder 0.11 0.12 0.15 0.10 0.10 0.116 94%
Kuparuk 0 No herder 0.28 0.30 0.28 0.34 0.29 0.298
Herder 0.21 0.23 0.20 0.24 0.19 0.214 2%
15 No herder 0.29 0.29 0.28 0.29 0.28 0.286
Herder 0.19 0.21 0.17 0.19 0.23 0.198 69%
30 No herder 0.1 0.13 0.13 0.10 0.14 0.122
Herder 0.12 0.13 0.13 0.08 0.12 0.116 95%
Fuel Oil #2 0 No herder 0.06 0.05 0.07 0.04 0.07 0.058
Herder 0.04 0.05 0.06 0.04 0.07 0.052 90%
15 No herder 0.02 0.04 0.06 0.00 0.05 0.034
Herder 0.00 0.02 0.06 0.00 0.03 0.022 65%
30 No herder 0.04 0.07 0.07 0.04 0.06 0.056
Herder 0.04 0.04 0.06 0.07 0.02 0.046 82%
Aluminum
ANS 0 No herder 0.12 0.13 0.16 0.16 0.17 0.14 0.147
Herder 0.13 0.13 0.12 0.14 0.15 0.134 91%
15 No herder 0.14 0.12 0.19 0.14 0.17 0.152
Herder 0.12 0.11 0.10 0.14 0.10 0.12 0.115 76%
30 No herder 0.1 0.14 0.12 0.13 0.14 0.128
Herder 0.11 0.12 0.14 0.12 0.10 0.118 92%
Kuparuk 0 No herder 0.31 0.30 0.31 0.33 0.33 0.316
Herder 0.32 0.32 0.26 0.20 0.26 0.23 0.265 84%
15 No herder 0.30 0.29 0.37 0.26 0.29 0.302
Herder 0.27 0.22 0.20 0.18 0.25 0.224 74%
30 No herder 0.13 0.13 0.14 0.1 0.13 0.128
Herder 0.14 0.13 0.14 0.12 0.14 0.134 105%
Fuel Oil #2 0 No herder 0.06 0.02 0.01 0.06 0.01 0.032
Herder 0.00 0.03 0.05 0.06 0.03 0.034 106%
15 No herder 0.00 0.04 0.03 0.04 0.02 0.026
Herder 0.00 0.05 0.06 0.01 0.04 0.032 123%
30 No herder 0.12 0.05 0.09 0.07 0.04 0.074
Herder 0.10 0.07 0.07 0.07 0.07 0.076 103%
Brush
ANS 0 No herder 0.66 0.66 0.63 0.51 0.61 0.614
Herder 0.64 0.58 0.68 0.61 0.68 0.638 104%
15 No herder 0.63 0.68 0.66 0.79 0.61 0.80 0.695
Herder 0.67 0.69 0.64 0.60 0.67 0.654 94%
30 No herder 0.68 0.63 0.60 0.64 0.59 0.628
Herder 0.66 0.61 0.56 0.62 0.58 0.606 96%
Kuparuk 0 No herder 0.86 0.84 0.90 0.92 0.94 0.892
Herder 0.90 0.87 0.94 0.96 0.88 0.910 102%
15 No herder 0.95 0.93 0.84 0.83 0.84 0.82 0.868
Herder 0.86 0.82 0.89 0.82 0.84 0.846 97%
30 No herder 0.66 0.64 0.60 0.54 0.68 0.624
Herder 0.66 0.69 0.64 0.63 0.62 0.648 104%
Fuel Oil #2 0 No herder 0.54 0.51 0.47 0.44 0.47 0.486
Herder 0.46 0.56 0.49 0.61 0.52 0.528 109%
15 No herder 0.52 0.43 0.44 0.47 0.55 0.482
Herder 0.48 0.46 0.49 0.55 0.52 0.500 104%
30 No herder 0.46 0.51 0.41 0.45 0.43 0.452
Herder 0.51 0.52 0.44 0.55 0.61 0.50 0.522 115%
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Figure 7: Skimmer test results from SL Ross wind/wave tank.
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the results for the tests with the weir skimmer surrogate and the bottom row gives the results for
the disc skimmer surrogate. The front row of columns for each graph gives the calculated result
for the no-herder test while the back row presents the result with the herder applied. On the
leftmost graph of each row (Oil Recovery Rate), the calculated average slick thickness, in mm, is
printed on the column. The center graphs give the Oil Recovery Efficiency data and the right-
hand graphs present the Throughput Efficiency results. Tests with herded Kuparuk and herded

No. 2 Fuel oil were performed only with the weir skimmer.

Generally, the herder improved the ORR and ORE performance of the weir skimmer by factor of
two to three. No significant improvement was noted with the disc skimmer. The ORE for the disc
skimmer was actually much worse with the application of herder because the disc contacted

more water than when the oil was not herded.

2.2 Ohmsett Experiments

The goal of the work described here was to conduct experiments at the scale of 75 m* at Ohmsett

on the efficacy of herders in thickening oil slicks among broken ice for mechanical recovery.

2.2.1 Ohmsett Experimental Methods

A test plan and protocol for conducting full-scale experiments at Ohmsett on using herders to
enhance mechanical recovery of oil in pack ice was submitted for review and comment prior to

commencing the testing (see Appendix C).

The general test procedure was to put 1.2 m x 1.2 m x 20 cm (4’ x 4’ x 8”) slabs of freshwater
ice supplied by CRREL into a 32-foot diameter boom circle with the desired ice piece size
distribution (55% 4’x4’+ 30% 27x2” + 15% small fragments — Buist et al. 2002), then move it to
the upwind end/side of the tank. Next, the boom was released and allowed to accelerate to its
terminal drift speed. Once terminal velocity was reached the oil was placed in the circle, allowed
to spread, photographed, herder applied (if required) and skimming started. A schematic of the

test set-up is given in Figure 8.
-13-
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Figure 8: Schematic of Ohmsett test set-up.

The windscreens were erected along the sides of the tank, and proved very effective in reducing

wind speeds at the tank water surface, allowing greatly extended test times.

Immediately prior to each test, the boom circles were placed beside the west side of the tank and

the ice floes to produce the desired coverage were added from pallets.

The nominal oil coverage was 1 mm on the water surface in the test ring (75L = 20 gallons added
for 0% ice; 68 L = 18 gallons added for 10% ice; and, 53 L = 14 gallons added for 30% ice). The
oil for each test was added manually from plastic buckets from the man-lift. If required, herder

was also applied via syringe from the man lift to the periphery of the slick.

Just before the herder was applied, an overhead digital picture/video was taken (Figure 9). The
target herder application rate was 150 mg/m? yielding a maximum total volume of 12 g (12 mL)
per test. After the herder was applied and the contraction of the slick had ceased, a second digital
picture was taken from the man lift (Figure 10). Time- and date-stamped digital video was

recorded continuously from the video tower and the Main Bridge.
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Figure 10: Photograph of same disc skimmer test from man lift after herder applied to slick.
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Next, the skimmer (pre-positioned in the boom circle) was started and manually moved around
in the boom circle to recover as much oil as possible. The flow from the Desmi Termite weir
skimmer was directed to the recovery tanks on the Auxiliary Bridge for subsequent recovered oil
and water measurements. The flow from the Morris Industries MI-2 disc skimmer was directed
to open-topped drums located on the Main Bridge for subsequent recovered oil and water
measurements. The use of open-topped drums for the disc skimmer tests was to allow more
accurate measurement of oil and water recovered. The skimming was timed with a watch. The
recovered oil tanks (or open-topped drums) were measured and samples taken and analyzed as
per standard ASTM and Ohmsett operating procedures to determine Oil Recovery Rate,
Recovery Efficiency and Throughput Efficiency. The wind speed, air and water temperature

were monitored and recorded.

In total 26 tests were successfully completed varying:

* Three ice coverage’s
-0, 10 and 30%
* Three oils
- One crude oil (Alyeska Pump Station 1) used for a full suite of 12 tests
- One crude (Pt. MaclIntyre) used for a partial suite of 8 tests (10% and 30% ice
only)
- Marine Gas Oil (MGO) used for a partial suite of 4 tests (30% ice only)
* Two chemical herder application rates
- None and USN herder applied at 150 mg/m* (12 mL/test)
* Two skimmers
- The Desmi Termite weir skimmer and the Morris MI-2 disc skimmer

Two duplicate tests were also completed.

2.2.2 Ohmsett Experiment Results and Discussion

The Ohmsett experiment results are given in Figure 11. Full data sets may be found in Appendix
D. The top row of graphs presents the results for the tests with the weir skimmer and the bottom
row gives the results for the disc skimmer. The front row of columns for each graph gives the
calculated result for the no-herder test while the back row presents the result with the herder

applied. On the leftmost graph of each row (Oil Recovery Rate), the calculated average slick

-16-
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Figure 11. Ohmsett experiment results with herders to enhance mechanical recovery in drift ice.
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thickness, in mm, is printed on the column. The center graphs give the Oil Recovery Efficiency
data and the right-hand graphs present the Throughput Efficiency results. Since these
experiments were conducted outdoors, the wind did influence some of the slicks. Even with the
calming influence of the wind screens and allowing the test rings to drift during the experiments,
in some cases the unherded slicks were pushed by the wind to one side of the test ring and
thickened considerably more than the 1-mm target for unherded slick thickness (particularly the
test with the Desmi and Pt MclIntyre crude in 30% ice cover and the MGO in 30% ice cover
when the wind was from the ends of the tank, not the sides). In the test with the Desmi weir
skimmer with ANS crude in 10% ice cover with no herder, the ring contained residual hydraulic

fluid from a leak the previous day that prevented the oil from spreading fully.

Generally, the addition of herder improved the ORR and ORE performance of the weir skimmer
by factors of 3 to 10 and improved the TE by factors of 1.1 to 5. The highest recovery rate
achieved with herded slicks by the Desmi Termite was 4 gpm, compared to the rated capacity of
the pump of 132 gpm. Slick thicknesses produced by herders in drift ice conditions, though

better than un-herded slicks, are not sufficient for optimum performance of weir skimmers.

No significant improvement was measured in the performance of the disc skimmer. Comparing
the disc skimmer ORE results at Ohmsett to those in the SL Ross tank tests, the Ohmsett ORE
were not significantly worsened with the application of herder. This is believed to be due to the
greater size of the herded slicks at Ohmsett relative to the skimmer in comparison to the sizes of
the skimmer and herded slick in the SL Ross tank tests. In only one test was it noted that the disc

skimmer “drew” the herded slick towards itself without the need to move the skimmer around.

2.3 Summary

The experimental results indicate that the use of herders in drift ice conditions could potentially
improve the Oil Recovery Rate and Oil Recovery Efficiency performance of weir skimmers by
factors of 2 to 10; however, the oil thicknesses produced by the herder were too low to permit
optimal performance of the weir skimmer. No significant improvement was measured in the

performance of the disc skimmer in herded slicks compared to unherded slicks.
-18-



3 Herders to Clear Oil Slicks in Salt Marshes

The use of mechanical recovery equipment in salt marsh environments is generally not
appropriate due to concerns over damaging the marsh substrate. This task, requested by MMS as
an add-on to the original White Paper submission, involved some preliminary laboratory
experiments in small-scale simulated marshes to determine whether or not herders might play a
role in clearing spilled oil from a marsh. Specifically, the goal of this task of the test program
was to determine the feasibility of using the US Navy herder formulation to clear oil from salt

marsh areas.

3.1 Experimental Methods

A test plan and protocol for experimenting with herding agents to clear oil slicks from salt
marshes at SL Ross was submitted for review and comment prior to commencing the testing

(Appendix E).

A series of small-scale experiments was then undertaken at the SL Ross laboratory to determine
the feasibility of using herders to clear oil slicks from salt marshes. The experiments utilized
local fresh water marsh plants (Figure 13) as surrogates for salt marsh species (Figure 12). Initial
screening tests were conducted in 1-m? metal pans (Figure 14). For all subsequent tests, the
plants were placed in lined, rectangular plastic pans (about 0.3 m? in size) and flooded with water
(Figure 15). The marsh plants occupied about one half of the surface area of the pans. The
above-water foliage was cut back to just above the waterline to allow photo analysis of the slick
areas. Enough oil to produce a 1-mm thick slick was poured gently onto the water surface and
allowed to spread to equilibrium. Herder was applied to the water and its effects noted, including
water surface clearing efficiency, location of the herded oil lenses and oil residue remaining on
plant stems, substrates, etc. The effect of the following parameters was evaluated in the tests:

® Three ambient temperatures (0°, 10° and 20°C)
® Three water salinities (0, 15 and 35%o)
® Three oil types (two crudes ANS and Kuparuk and No. 2 fuel oil)
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Figure 13. Freshwater marsh grass used in laboratory experiments.
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Figure 15. Plastic storage bin used for most tests.
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The general procedure for a bin test was:

1. Place a section of trimmed (the stalks of the plants are cut back to just above the
waterline to permit easier photographing of the oil slick) marsh “sod”, wired to a metal
mesh substrate, in the bottom of each of three plastic bins.

2. Add a sufficient amount of the desired water (temperature and salinity) to each of three
plastic bins (Figure 3) to inundate the sod, but not cover the plant stalks.

3. Carefully pour 0.5 L of the crude on the water; making sure that it doesn’t stick to the
bottom of the bin or the sod 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 the prescribed amount of herding agent to the open water area with a micropipette.

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

7. Sorb free oil from water surface, lift out sod sample, empty water from bins, rinse and
dry bins with paper towels.

The overhead digital photographs were later analyzed using a computer program to determine

slick area and thickness.

In addition, six tests were run in the bin apparatus (three with no herder and three with herder) to
see if the application of herding agent to the seaward edge of a salt marsh at low tide might
restrain oil from entering the marsh on a rising tide. Tilting the pan and slowly adding water to

cause the level to rise accomplished this (Figure 16). These tests were also videotaped.

3.2 Results and Discussion

All the data from the tests may be found in Appendix F. Table 2 gives the test matrix for the 27
static tests and Table 3 gives the results of the digital photo analysis and the visual observations
for the static tests. To summarize, in none of the static tests did the herder clear the oil
completely from the marsh plants. In some tests the herder caused the oil slicks to contract in
size sufficiently to significantly reduce the oiled area of the marsh; however, even in these cases,

there remained a ring of oil at the waterline around the originally oiled stalks of the marsh plants.
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Figure 16. “Rising Tide” test apparatus. Note copper pipe water diffuser at low end and marsh
plants at high end of pan.

Table 2. Static Herder Test Matrix

0 %o 15 %o 30 %o
0° 10° 20° 0° 10° 20° 0° 10° 20°
ANS Test# 13| Test#28|Test# 1|Test#4|Test# 24 [Test# 17 |Test# 7 |Test# 23 |Test# 15
FUEL # 2 Test# 11|Test #29|Test 19 |Test# 5|Test# 25|Test# 12| Test# 9|Test # 21 |Test # 10
KUPARUK [Test# 14|Test# 27 [test # 20| Test # 3| Test # 26 [Test # 18| Test # 8| Test # 22 |Test # 16

3.




Table 3. Static Herder Test Results

Water . ) Did the herder|Did the herder,
. Salinity Oil Area (m?) Average Oil Thickness (mm) move the oil | clear the oil
Oil Temperature o Test # .
c) (%o) around in tr;e out of the:est
Omin 1min 10min 30min 60 min|Omin 1min 10min 30min 60 min| feStMarsh? [ marsh?

0 13 0.13710.079| 0.078 | 0.087 | 0.089 2.4 4.2 4.3 3.8 3.7 No No
0 15 4 0.08810.086| 0.088 | 0.090 | 0.092 3.8 3.9 3.8 3.7 3.6 No No
30 7 0.069 | 0.074| 0.086 | 0.076 | 0.092 4.8 4.5 3.9 4.4 3.6 No No
0 28 0.129]0.088| 0.107 | 0.103 | 0.109 2.6 3.8 3.1 3.2 3.0 No No
ANS 10 15 24 0.135]0.094| 0.122 | 0.120 | 0.108 2.5 3.6 2.7 2.8 3.1 No No
30 23 0.186 ] 0.143| 0.145 | 0.155 | 0.117 1.8 2.3 2.3 2.2 2.9 Yes No
0 1 0.185]0.129| 0.152 | 0.127 | 0.172 1.8 2.6 2.2 2.6 1.9 Yes No
20 15 17 0.204|0.114| 0.118 | 0.104 | 0.098 | 1.6 29 2.8 3.2 34 Yes No
30 15 0.167 ] 0.140| 0.145 | 0.130 | 0.122 | 2.0 2.4 2.3 2.6 2.7 No No
0 11 0.15210.088| 0.092 | 0.077 | 0.087 2.2 3.8 3.6 4.3 3.8 Yes No
0 15 5 0.211]0.100| 0.102 | 0.151 | 0.112 1.6 3.3 3.3 2.2 3.0 No No
30 9 0.171]0.142] 0.138 | 0.113 | 0.112 1.9 2.3 2.4 2.9 3.0 Yes No
0 29 0.126 | 0.104| 0.095 | 0.095 | 0.078 2.6 3.2 3.5 3.5 4.3 Yes No
Fuel Oil #2 10 15 25 0.160]0.104| 0.119 | 0.109 | 0.107 21 3.2 2.8 3.1 3.1 Yes No
30 21 0.184 1 0.153| 0.162 | 0.146 | 0.127 1.8 2.2 2.1 2.3 2.6 No No
0 19 0.161]0.130| 0.135 | 0.128 | 0.133 | 2.1 2.6 25 2.6 25 Yes No
20 15 12 0.1690.099| 0.111 | 0.103 | 0.107 | 2.0 34 3.0 3.2 3.1 Yes No
30 10 0.117]0.129]| 0.131 | 0.109 | 0.113 | 2.8 2.6 2.5 3.1 2.9 Yes No
0 14 0.096 | 0.062| 0.062 | 0.058 | 0.054 3.5 53 5.4 5.8 6.1 Yes No
0 15 3 0.138 1 0.053| 0.048 | 0.049 | 0.053 2.4 6.3 7.0 6.8 6.3 Yes No
30 8 0.092]0.059| 0.057 | 0.060 | 0.060 3.6 5.6 5.9 5.5 5.6 No No
0 27 0.092]0.067| 0.070 | 0.068 | 0.065 3.6 5.0 4.7 4.9 5.1 No No
Kuparuk 10 15 26 0.092 | 0.067| 0.070 | 0.068 | 0.065 | 3.6 5.0 4.7 4.9 5.1 No No
30 22 0.098 | 0.080| 0.076 | 0.067 | 0.072 | 3.4 4.1 4.4 5.0 4.6 No No
0 20 0.1200.072| 0.072 | 0.076 | 0.076 2.8 4.6 4.6 4.4 4.4 Yes No
20 15 18 0.088 | 0.075| 0.067 | 0.068 | 0.063 | 3.8 44 5.0 4.9 53 No No
30 16 0.080 | 0.056| 0.074 | 0.064 | 0.064 | 4.2 6.0 4.5 5.2 5.2 No No

Table 4. “Rising Tide” Herder Test Results

Qil Herder Test # Oil Area (m?) Average Oil Thickness (mm) Dlg'ohr:rgr?tre?ir:gfgéton
marsh?
Before rise 1 min 10 min 30 min 60 min] Before rise 1 min 10 min 30 min 60 min
ANS none 31 0.078 [0.204| 0.252 | 0.264 | 0.280 43 1.6 1.3 1.3 1.2 No
preapplied 32 0.120 ]0.124| 0.150 | 0.174 | 0.174 2.8 2.7 2.2 1.9 1.9
Kuparuk none 33 0.174 ]0.294| 0.293 | 0.289 | 0.289 1.9 11 1.1 1.2 1.2 Yes
preapplied 34 0.289 ]0.059| 0.063 | 0.061 | 0.061 1.2 5.7 5.3 5.5 5.5
Fuel #2 none 35 0.126 |0.196| 0.213 | 0.223 | 0.223 2.6 1.7 1.6 1.5 1.5 Partially
preapplied 36 0.116 ]0.057| 0.058 | 0.059 | 0.059 2.9 5.8 5.8 5.6 5.6

NB. All tests done in fresh water at room temperature.
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It should be noted that the mash plants themselves affected the spreading of the oil prior to the
addition of herder. In all cases, the equilibrium thickness of the oil slick before the herder
addition was much greater than the expected 1 mm, sometimes as high as 4 mm. This was likely
due to the presence of natural surfactants exuded by the plant stems and/or soil attached to the
roots. In all cases, after herder had been added, the slick thickness was great enough to support
ignition. This is a significant finding, since even though the herder did not clear the oil out of the
marsh plants, it could contract the oil sufficiently to allow in sifu burning, an accepted oil

removal practice for salt marsh environments (Myers 2006).

Table 4 summarizes the results of the “rising tide” tests. In one of the three test series the
application of herder to the test marsh at one end of the pan did prevent the Kuparuk oil slick on
the water at the other end of the test pan from entering the test marsh as the “tide” rose. In
another test, the herder prevented a significant amount of the Fuel Oil #2 slick from entering the
marsh (two small slicklets did enter). In the third case, the herder did not prevent the ANS crude

from entering the test marsh.
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4 Herders to Improve Operational Efficiency of Dispersants

One of the identified weaknesses of chemical dispersants is that they consistently either under-
dose or over-dose real oil slicks due to the inherent large variability in oil thickness at sea.

Dispersant drops that fall on thin oil or sheen tend to penetrate through to the underlying water
and are wasted. In addition, the surfactants in dispersants also act as herders causing sheens or
thin oil slicks to rapidly contract resulting in much of the dispersant being wasted as it falls on

open water.

Dispersant drops that fall on thicker slicks will mix with the slick, if conditions are right.
However, it is impossible to visually determine the thickness of the “black” portions of a slick,
making accurate dosing with dispersant difficult - thin portions of the slick are overdosed and
thick portions are under-dosed. The application of a herding agent around the periphery of a slick
just prior to it being treated with dispersant would cause the slick to contract into much thicker
oil, covering a much smaller area with a more uniform, and predictable, thickness. This could

allow more precise application of dispersant to a smaller area of oil at a more predictable dosage.

Herders will contract free-spreading oils with thicknesses ranging from <1 pm to 1+ mm into
slicks of ~1 to 4 mm thickness, eliminating the sheen overdosing problem and allowing better
dosing for the thick slick. This offers the possibility of significantly improving dispersant
targeting. Slicks that have spread to «1 mm thickness could be shrunk and thickened with a
chemical herder applied with a helicopter-slung bucket delivery systems, or vessel-based
delivery systems, then treated with dispersant from ships or aircraft. Another possibility is the
application of herding agents around slicks in calm seas to prevent them from spreading until the

wind picks up and breaking waves (necessary for effective chemical dispersion) appear.

4.1 Experimental Methods

The general test procedure used at Ohmsett was to rig the tank for dispersant testing, lay down a
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slick of crude oil on the tank using the Main Bridge oil discharge system, allow the oil slick to
spread until it reached an equilibrium thickness, then apply herder to contract the slick.
Dispersant was applied next, either with a hand wand at a rate to simulate vessel-based
application or with the spray bar mounted on the Main Bridge at a rate to simulate aerial
application from a C-130. Experiments were also run with no herder as controls. Four tests
involved fresh Oseberg crude and three involved artificially evaporated Oseberg crude. The test

plan may be found in Appendix F.

The preparations for the tests included:

® Erecting the windscreens on either side of the tank and positioning the man lift on the
west deck. (Figure 17)

® Setting up the dispersant effectiveness testing equipment (see, for example, SL Ross 2006
for details on the standard dispersant test set-up) with the dispersant spray bar mounted
on a trolley on the Main Bridge so it could move to target the free-drifting slicks.

® Conducting several dry run tests to set the new wave maker to produce breaking waves
and fine-tune the oil release and test procedures.

The dispersant spray system used in the testing employed the spray bar mounted on a trolley so
that it could be easily re-positioned to spray the free-drifting slick (Figure 18). The dispersant
flow rate and bridge speed were combined to apply dispersant at a rate typical of what a C-130
ADDS pack system would produce. The hand-held sprayer was also used to treat herded slicks
in several tests (Figure 19). Its flow rate was set to simulate what would be applied by a single
nozzle vessel application spray system (such as the AFEDO nozzle system

http://www.aylesfernie.co.uk/Dispersant-Spray-System-Products/afedo.html). Corexit 9500

dispersant was used in all of the tests. The USN herder was the only one tested.

The wave paddle settings used in the previous dispersant tests at Ohmsett was a 3.5 inch stroke
and 34 to 35 strokes per minute: with the installation of a totally new wave maker system, it was
necessary to spend time determining what setting of the new wave maker produces equivalent
waves. The new wave paddle was eventually set at an amplitude of 12” (equivalent to the old
paddle setting of 3”) with a 13” offset and a rate of 35 cpm. This produced waves visually

equivalent to the settings used for dispersant tests with the old wave maker.
27-
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Figure 18. Dispersant spray bar mounted on trolley on north side of Main Bridge. Note sorbent
sweep below Bridge.
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Figure 19. Handheld dispersant spray wand.

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

el el e

O 0=

10.
. After the contraction of the slick was judged visually to be over, a second digital photo of

12.
13.

14.

The oil containment area was established in the Ohmsett tank.

The oil and dispersant were loaded into their respective supply tanks on the Main Bridge.
The Main Bridge was positioned at the southern quarter point of the tank.

The bridge was moved north at the required speed to achieve proper slick dimensions
(between 0.25 and 1 knots). A sorbent sweep spanning the width of the tank, was rigged
on the north side of the Main Bridge, in front of the oil discharge manifold (Figure 18)
except for Test 1.

The oil was pumped at the required rate onto the surface through the discharge manifold
mounted on the south side of the bridge (Figure 20).

The sorbent sweep was removed from the water.

The Main Bridge was re-positioned to apply herder.

The man lift was moved into position for digital overhead photographs.

The slick was allowed to spread to equilibrium, and a digital photo of the slick was taken
from the man lift.

Then, herder was applied to the water, from two hand-held spray bottles (Figure 21).

the herded slick was taken from the man lift (if required - Figure 22).

The Main Bridge was re-positioned to apply dispersant.

The dispersant was applied onto the oil slick from either the trolley-mounted spray bar on
the north side of the bridge in one or two passes, or the hand-held sprayer.

The wave maker was started and the waves were left on for 30 minutes and then the
wave maker was stopped (Figures 23 and 24).
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15.

16.

17.

18.

19.

20.

21.

22.
23.

The LISST particle size analyzer and the C3 fluorometer were towed through the
dispersed oil cloud.

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

The oil was then removed from the water surface using a double-diaphragm pump and
suction wand and placed in a collection drum.

The drum was allowed to stand at least overnight and most of the free water present was
pumped from the bottom of the drum.

The remaining oil and water were thoroughly mixed and a sample was taken for water
content and physical property determination.

The quantity of liquid in the drum was measured and the amount of oil determined by
subtracting the amount of water as determined by the water content analysis.

The effectiveness of the dispersant was reported as the volume of oil discharged minus
the amount collected from the surface all divided by the amount discharged (times 100).
Each test was video taped for future reference.

At the end of each test the residual herder and dispersant were removed from the water
surface. This was accomplished by running a train of breaking waves down the tank for
several minutes, using the Main Bridge fire hoses to disperse the herder and dispersant
into the water column and, finally, cleaning the water surface with the sorbent sweep just
prior to the next oil discharge.
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Figure 21. Applying herder from handheld spray bottle.
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Figure 23. Waves just hitting herded slick after dispersant applied.
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\

waves create small drpets.

Figure 24. Dispersion uderway as cresting

p |
Figure 25. Main Bridge towing LISST and C3 through dispersed oil cloud.
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Just before the herder was applied (or the dispersant, in the case of the control tests), an overhead
digital picture was taken from the man lift in order to document spreading and herding. After the
herder was applied and the contraction of the slick had ceased, a second digital picture was taken
from the man lift. Time- and date-stamped digital video was recorded continuously from the
video tower on the Main Bridge. During the testing the LISST droplet size analyzer and the C3
Submersible Fluorometer were towed through the dispersed oil cloud to obtain dispersed oil
droplet concentration and particle size data (Figure 25). The standard technique of sweeping the
tank surface and collecting the surface oil once the waves were turned off was used to estimate

overall dispersant effectiveness.

At the conclusion of each test any herder and dispersant remaining on the water surface was
dispersed into the tank with breaking waves and the fire monitors on the Main Bridge. Just prior
to each test, except Test 1, the test area was swept with sorbent to remove any surfactant that has
resurfaced. Preliminary testing at the SL Ross laboratory showed that only if the oil was put on

the water immediately after it has been swept with sorbent, would it spread to a thin slick.

In total, seven experiments were completed, varying:

1. Oil type (Fresh Oseberg crude and 27% evaporated Oseberg crude);
2. Dispersant application technique (spray bar or hand-held sprayer); and,
3. Herder application, or not.

In order to minimize dissolved dispersant effects on the results of the tests using herder, these

were completed first, before the corresponding control (no herder) tests.

4.2 Results and Discussion

The herding and dispersant effectiveness results are given in Tables 5 and 6. Table 7 presents the
dispersed oil measurements. Figures 26 through 32 show the LISST droplet size data and the C3

oil concentration data for each experiment.
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Table S. Test slick areas and calculated average thickness.

Herd-Disperse at Ohmsett

Areas (sq. ft) Areas (sq. m) Slick Thickness (mm) Oil Volume (L)
Oil Herded Oil Herded Oil Herded
Test 120_10_2009 879 439 82 41 1.15 2.30 94.0
Test221_10_2009 12,016 1,856 1,117 173 0.06 0.37 63.9
Test321_10_2009 2,369 No 220 No 0.29 - 63.1
Test4 22_10_2009 4,284 No 398 No 0.19 - 77.0
Test522_10_2009 3,338 403 310 37 0.23 1.94 72.8
Test 6 23_10_2009 4,433 336 412 31 0.17 2.26 70.7
Test 7 23_10_2009 790 No 73 No 1.03 - 75.9
Table 6. Dispersant application data and measured effectiveness.
Herd-Disperse at Ohmsett
. Dispersant
Oil . Total Dispersant . . Effectiveness
Volume | Dispersant and - Visual Estimates
A Hitting DOR Comments . (based on
& Application (from Video record) .
s Target surface oil
Evap’n Analog
recovered)
@) @) @) ()]
Test 1 .
20 10 2009 Fﬁ'fh V;ie] 4.1 1:23 Hand wand ::” ‘liilsg‘;ristagtl 99
Herded PP
. . Approx. 1/6 of
Test 2 Wide slick DOR . .
21_10_2009 639 2.9 ~0.48 1:90 to 1:280 Versus narrow dispersant spray hit 99
Herded Fresh C-130 slick DOR oil.
1:130 DOR
Test 3 . . Approx. 1/3 of
21_10_2009 63.1 2.3 . . Wide slick DOR dispersant spray hit
~0.77 1:40 to 1:110 Versus narrow . 86
Not herded Fresh C-130 slick DOR oil.
Control 1:80 DOR
Test 4
(repeat 3) . . Approx. 85% of
22 10 2009 F7r7é£h c%i‘;‘xo ~2.04 13510138 | 139 ebsz:;‘;ﬁness dispersant hit oil. 94
Not herded 1:38 DOR
Control
Test 5 .
2210 2009 E7§'8, d vzégel 3.0 1:22 Hand wand 903)0?29511 :r‘stalz 3 98
Herded vap 1P
Test 6 707 24 1:325 by thickness Slick was wind
23 10_2009 Eva. 'd C-i30 0.22 1:320 1:321 by ~% disp herded prior to 67
Herded p hitting oil herder application
Test 7 Wide (10’ at start)
1:85 by ~amount of
23_10_2009 75.9 2.8 . ) DOR versus . o
Not herded Evap’d C-130 0.89 1:100 to 1:244 Narrow (4’ at end) dlspersarillt hitting 66
Control DOR 0
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Table 7. Dispersed oil data.

Linksto Oil | Test# | OLDroP AVE | peak Oil
. Drop Size / Dispersant Size 2GR ON Conc. by .
Oil/Herder DOR . S (Average |Volume % <| Conc. by ) % Dispersed
Concentration | Application . LISST /
Graphs Analog DSO) 70 microns LISST ) Lost
(microns) (ppm)
Fresh Oseberg . . 1
Herded 110 Figure26 Vessel 111 56 23 105 99
Fresh Oseberg ] ] . 2
Herded 1:280 to 1:90 Figure27 C-130 63 67 27 173 99
Fresh Oseberg ] ] . 3
Not herded Control | 11010 1:40 Figure28 C-130 46 76 54 395 86
Fresh Oseberg . . 4
Not herded Control 1135 Figure29 C-130 52 72 29 161 94
Weathered Oseberg . . 5
Herded 1:20 Figure30 Vessel 20 90 60 171 98
Weathered Oseberg . . 6
Herded 1:320 Figure31 C-130 72 57 63 448 67
1:245 to 1:98
Weathered Oseberg . 7
Not herded Control OR Figure32 C-130 46 73 92 460 66

1:450 to 1:180

Explanatory notes for oil-in-water concentration graphs:

In Tests 1 through 3 the C3 fluorometer was set to record in “oil mode” using the calibration last

entered for the device (i.e., from a previous set of dispersant experiments). The oil used for this

calibration is not known. In graphs 1 through 3 the “raw oil” curves refer to this raw “oil mode”

reading recorded by the C3. A calibration of the C3 was completed using the fresh Oseberg oil

with the C3 set to the same “oil mode” setting used to capture the data during the tests. This

calibration was then applied to the ‘raw oil” data to attempt to calibrate the C3 to the fresh

Oseberg oil. In test #1 the additional calibration improved the C3 match to the LISST results but

in tests 2 and 3 the ‘raw oil’ reading matched the LISST results better than the calibrated results.

The C3 data for Test 4 was corrupted. The C3 data in Tests 5 through 7 were captured in ‘raw

mode’ with no oil calibration applied to the captured data. This raw data was then adjusted using

calibration curves developed for both the fresh and weathered Oseberg oils. For some reason the

C3 data adjusted using the fresh oil calibration matched the LISST concentrations better than

when it was adjusted using the weathered calibration data. For these reasons, only the LISST oil

concentration in water data is reported in Table 7.
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LISST Oil Drop Size & Concentration & C3 Concentration : Run 1 Fresh Oseberg
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Figure 26. LISST and C3 Data: Run 1

LISST Oil Drop Size & Concentration & C3 Concentration : Run 2 Fresh Oseberg
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Figure 27. LISST and C3 Data: Run 2
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LISST Oil Drop Size & Concentration & C3 Concentration : Run 3 Fresh Oseberg
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Figure 28. LISST and C3 Data: Run 3

LISST Oil Drop Size & Concentration : Run 4 Fresh Oseberg
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Figure 29. LISST and C3 Data: Run 4
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LISST Oil Drop Size & Concentration & C3 Concentration : Run 5 Weathered Oseberg
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Figure 30. LISST and C3 Data: Run 5

LISST Oil Drop Size & Concentration & C3 Concentration : Run 6 Weathered Oseberg
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Figure 31. LISST and C3 Data: Run 6
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LISST Oil Drop Size & Concentration & C3 Concentration : Run 7 Weathered Oseberg

350

300

N
a
o

N
o
o

-
o
o

Oil Drop Size (microns)
Concentration (ppm)

=
o
o

50

0

« d50 (volume median) « d90 — LISST Conc. —— C3 weathered oil calib C3 fresh oil calib

Figure 32. LISST and C3 Data: Run 7

The data in Table 6 shows that the application of the herder did significantly contract the slicks,
increasing their average thickness by factors of 2 to 13. For slicks that initially spread to sub-
millimeter average thickness (i.e., excluding Test 1, in which the sorbent sweep was not

deployed), the average herded thickness increased by an average factor of 9.

Three observations can be made from Table 6:

1. Comparing Test 2 to Tests 3 and 4 (repeat of 3) and Test 6 to Test 7, the use of the herder
did not detract from dispersant effectiveness;

2. Comparing Test 5 to Tests 6 and 7, herders can improve the operational efficiency of
dispersants applied by vessels, achieving better dispersant targeting (amount and
percentage of dispersant hitting the target slicks) and effectiveness; and,

3. Herding a slick to be sprayed by an aircraft reduces operational efficiency, i.e. the amount
and the ratio of dispersant applied to the same amount of oil (Tests 2 vs. 3 /4 and Tests 6
vs. 7).
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Analysis of the in-water droplet size and concentration showed no correlation with percent

dispersed (Appendix G).

4.3 Summary

The experimental results indicated that:
® The use of herders on an oil slick did not detract from the effectiveness of chemical
dispersant application.
® Using herders to contract slicks on open water can improve the operational efficiency of
dispersants applied by vessels.
® Herding a slick to be sprayed with dispersants from aircraft reduces operational

efficiency (by wasting large amounts of the dispersant).
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5 Conclusions

For the use of herders to enhance mechanical recovery in drift ice:

The use of herders in drift ice conditions could potentially improve the Oil Recovery Rate
and Oil Recovery Efficiency performance of weir skimmers by factors of 2 to 10;
however, the oil thicknesses produced by the herder were too low to permit optimal
performance of the weir skimmer.

No significant improvement was measured in the performance of a disc skimmer in

herded slicks compared to unherded slicks.

For the salt mash preliminary tests:

In none of the static tests did the herder clear the oil completely from the marsh plants.
In some tests the herder caused the oil slicks to contract in size sufficiently to
significantly reduce the oiled area of the marsh; however, even in these cases, there
remained a ring of oil at the waterline around the originally oiled stalks of the marsh
plants.

In all cases, after herder had been added, the slick thickness was great enough to support
ignition. This is a significant finding, since even though the herder did not clear the oil

out of the marsh plants, it could contract the oil sufficiently to allow in situ burning.

In the case of using herders to improve operational efficiency of dispersants:

The use of herders on an oil slick did not detract from the effectiveness of chemical
dispersant application.

Using herders to contract slicks on open water can improve the operational efficiency of
dispersants applied by vessels.

Herding a slick to be sprayed with dispersants from aircraft could reduce operational

efficiency (by wasting large amounts of the dispersant).
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Appendix A — How Herding Agents Work



From WSL 1975

When crude oil is spilt, the indigenous surface active agents cause it to spread out into thin slicks
which often show characteristic light interference colours. If the water is already occupied by a
surface active film, spreading may be retarded. Water-insoluble surface active agents can spread
rapidly into extremely thin films. When applied to the edges of a relatively fresh oil spill, the
surface film prevents the spreading of the oil over the water surface and the pollutant oil can be
held in thick layers occupying much reduced areas. It is convenient to think of the film pushing
the oil into a thicker layer but what actually happens is a reduction in the surface tension of the
water surrounding the oil. This alters the balance of interfacial forces acting at the water-air-oil

interface.

YAJO

YAIW =

o M-

YO/ w

vA/W = gurface tension of water
yA/Q = surface tensicon of o1l
vO/W = ipterfacial bensioe af 9il and uataer

YA =YA/Q0 Cos ¢ +A/W Caos B
The surface tension of the water is reduced and therefore A/O and O/W act together to draw the

oil back into a thicker layer. Therefore no boundary is necessary for the molecular film to push

against.



Appendix B — Laboratory Wind/Wave Tank Herder and

Skimmer Test Data
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Appendix C — Test Plan for Ohmsett Herder and Skimmer
Testing
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1. INTRODUCTION

A 9-day test program is planned at Ohmsett to research the efficacy of a chemical herding agent
in thickening oil slicks on water among broken ice for mechanical recovery.

1.1 Background

Field deployment tests of booms and skimmers in broken ice conditions in the Alaskan Beaufort
Sea highlighted the severe limitations of conventional containment and recovery equipment in
even trace ice (Bronson et al. 2002). The main problem is that booms, deployed to collect and
concentrate oil for effective skimming, also collect and concentrate ice pieces that quickly render
the skimmers ineffective. The research on using herding agents to thicken slicks for in situ
burning has shown that they can significantly contract and thicken oil among ice, without
concentrating the surrounding ice. This could be beneficial to mechanical recovery. In fact, as a
skimmer removes oil from the center of a herded slick, the action of the herding agent may cause
the slick to continuously contract towards the skimmer, eliminating the need to move the
skimmer around to contact all the oil. However, it has been observed that the active ingredient in
herding agents (the surfactant) renders sorbent pads less hydrophobic and their water retention
increases considerably. This could be a significant detriment to oleophilic skimmers such as
drums, discs and rope mops whose recovery surfaces contact herding agent. This should not be
an issue with other skimmers types such as weirs and vacuums. Experiments would be carried
out both in the lab and at Ohmsett to explore the capabilities and limitations of using herding
agents to thicken oil in loose pack ice for recovery by skimmers.

1.2 Objective and Goal

The objective of the multi-project research program is to determine whether herding agents can
contract oil slicks in certain spill situations where conventional countermeasures have limited
effectiveness and thereby enhance marine oil spill response operations. Specifically, the purpose
of this task of the test program is to research the use of herding agents in pack ice to enhance
mechanical recovery of spilled oil with skimmers.

More specifically, the goal of the work described here is to conduct experiments at the scale of
75 m? at Ohmsett on the efficacy of herders in thickening fluid oil slicks among broken ice at
sub-zero temperatures for mechanical recovery.

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, Minerals Management Service
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, testing is on weekdays only, and begins at 0700.

Minerals Management Service (MMS):

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
Analyses the data

Writes the final report

MAR, Inc:

Prepares the Test Plan with SL Ross

Operates the chiller (if necessary) to maintain sub-freezing water temperatures in
the tank during the testing

Erects 200 feet of wind screen on either side of the tank

Deploys boom in the tank in two circular, free-floating test areas of approximately
75 m?* area (100 feet of containment boom).

Prepares broken ice fields in boomed areas as per the test matrix

Prepares test fluids and confirms suitability

Prepares oil release systems

Provides and operates the Desmi Termite weir skimmer and the Morris MI-2 disc
skimmer

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

Collects background data including oil/water temperatures, ice coverage and wave
data

Operates man lift

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.

Table 1: Test Personnel Assignments

Personnel Location Duties
Program Manager Control Tower Oversight
Bill Schmidt
Test Engineer/Director Test Basin Overall supervision of testing
Paul Meyer
QA Engineer Roving Monitors fluid sampling, data
Alan Guarino collection and test parameter accuracy.
Chemical Technician Oil Analysis Lab Handles and analyzes fluid samples.
Susan Cunneff
H&S Specialist Roving Monitors personnel safety.
Rich Naples
Fluid Transfer Technician Main Tank Deck Operates oil transfer system,
Dave Knapp Operates fill and off-loading pumps
Video Technician Roving Operates hand?ﬁeld video and digital
Bob Stewart still camera
Rigger/Oi . : Deploy boom, transfer oil, prepare ice
gger/Oil Transfer Technicians Roving field 1 el 4 demobili
Don Snyder, Bob Carneval, 1elds, collect oil, c ean and demobilize
equipment
SL Ross Sr. Engineers Roving Design and direct tests. Apply herding
Ian Buist and Steve Potter agent. Provide advice on test suitability

2. TEST PROCEDURES



2.1 Preparation
The preparations for the tests include:

2.2

CRREL shipping an 8”-thick ice sheet (cut in 4’ x 4’ slabs) to Ohmsett (approximately
330 m? of ice)
SL Ross supplying 500 mL USN herder (65% v/v Sorbitan Monolaurate [Span 20] and
35% 2-ethyl butanol)
Identifying two crude oils and one light fuel oil in existing Ohmsett inventory to be used
for tests (for a full suite of tests, four drums [790 L = 208 gallons] is required). If three
suitable oils cannot be found in sufficient quantity, a dyed Hydrocal 300 can be
substituted for one (this was the test oil used for the herder experiments at CRREL in
2005). The suggested crudes are:

Alyeska Pump Station 1 — 293 gallons available

Pt. Macintyre — 266 gallons available

MGO - 330 gallons available
Creating two, free-floating circles of 100 feet of containment boom (held in shape with
exzternal PVC pipe) with a diameter of 32 feet (9.7 m) with an enclosed area of 800 ft* (74
m°)
Erect 200 feet of wind screen on either side of the tank
Distributing the CRREL ice into the boom circles and adding new ice, as required, to
make up desired coverage (0, 10 or 30% coverage) and the target piece size distribution
(55% 4’x4°+ 30% 27x2” + 15% small fragments)
Preparing and operating the Desmi Termite weir skimmer and the Morris MI-2 disc
skimmer and the Auxiliary Bridge recovered oil fluid measurement systems
Obtaining sorbent to remove herder and sheen from boom circles after a series of two
tests is completed
Positioning and operating the man lift for aerial photos
Positioning, checking and calibrating overhead camera(s) for data collection
Conducting required safety checks and notifications.
Conducting several dry run tests with ice only to fine tune release and test procedures

Test Set-up, Instrumentation and Procedures

The general test procedure is to put the ice in a boom circle, then move it to the upwind end/side
of the tank. The boom is then released to accelerate to its terminal drift speed. Once terminal
velocity is reached the oil would be placed in the circle, allowed to spread, photographed, herder
applied (if required) and skimming started. The skimming should ideally be completed before the
boomed area reaches the opposite end/edge of the tank. A schematic of the test set-up is given in
Figure 1.

Immediately prior to each test, the boom circles will be placed beside the east side of the tank
and the ice floes to produce the desired coverage while drifting will be added from pallets. It will
be necessary to experiment with releasing the ice field (without oil) on the first day to
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Figure 1: Schematic of test set-up.

determine its drift behaviour as it moves across/down the tank in order to estimate the timing of
the oil release and herder application to maximize the available test time. It may be necessary at
the beginning of each day to repeat this dry run based on the days predicted wind speed and
direction. Next, the oil would be released from the Main Bridge in the upwind end of the
contained area, and allowed to spread to cover the contained area evenly (to be determined
visually from an overhead position). The nominal oil coverage will be 1 mm on the open water
(75L = 20 gallons for 0% ice; 68 L = 18 gallons for 10% ice; and, 53 L = 14 gallons for 30%
ice). At a suitable point, if required, herder will be applied from the Main Bridge (travelling with
the drifting boom circle) to the periphery of the slick.

Just before the herder is applied, an overhead digital picture/video will be taken and the digital
video started. The suggested herder application rate is 150 mg/m? yielding a maximum total
volume of 12 g (12 mL) per test. Time- and date-stamped overhead digital video (encompassing
the entire test area and calibrated with a surface scale marker) will be recorded continuously.
Still images will be collected regularly from the video tower as a backup.

Next the skimmer (pre-positioned in the boom circle) will be started and manually moved around
in the boom circle to recover as much oil as possible. The flow from the skimmer will be
directed to the recovery tanks for subsequent recovered oil and water measurements. Since



relatively small volumes of oil are to be used, open-topped drums placed on the Auxiliary Bridge
may be substituted for the recovery tanks to allow more accurate measurement of oil and water
recovered. The skimming will be timed with a stopwatch. The recovered oil tanks (or open-
topped drums) will be measured and samples taken and analysed as per standard ASTM and
Ohmsett operating procedures to determine Oil Recovery Rate, Recovery Efficiency and
Throughput Efficiency.

Portable video and still cameras will be used to record the testing from tank-side. The air and
water temperature will be monitored and recorded.

2.3 Test Matrix and Schedule

Test Matrix Variables
* One nominal initial slick thickness
- 1 mm
* Three broken ice covers
-0, 10 and 30% ice cover
. Three oils
- One (Alyeska Pump Station 1) crude oil used for a full suite of 12 tests
- One crude (Pt. MaclIntyre) used for a partial suite of 8 tests (10% and 30% ice
only)
- Marine Gas Oil (MGO) used for a partial suite of 4 tests (30% ice only)
» Two chemical herder application rates
- None and USN recipe applied at 150 mg/m? (12 mL/test)
* Two skimmers
- The Desmi Termite weir skimmer and the Morris MI-2 disc skimmer

Using one crude for 12 tests, another crude for 8 tests and the MGO for 4 tests gives a total of 24
individual tests. If sufficient time remains at the end of the program, up to three duplicate tests

will be completed.

Table 2 gives the proposed matrix for the tests. Testing is to take place February 9 to 20, 2009.



Table 2. Preliminary Matrix of Tests

Feb | Day Test Crude Oil Coégizlgic(i %) Skimmer Herder
9 1 Set-up
10 1 ALY PS1 0 Desmi N
2 ALY PS1 0 Desmi Y
3 ALY PS1 10 Desmi N
4 ALY PSI1 10 Desmi Y
11 3 5 ALY PS1 30 Desmi N
6 ALY PSI 30 Desmi Y
7 ALY PS1 0 Morris N
8 ALY PS1 0 Morris Y
12 4 9 ALY PSI1 10 Morris N
10 ALY PS1 10 Morris Y
11 ALY PSI1 30 Morris N
12 ALY PSI1 30 Morris Y
13 5 13 Pt Mac 10 Desmi N
14 Pt Mac 10 Desmi Y
15 Pt Mac 30 Desmi N
16 Pt Mac 30 Desmi Y
17 6 17 Pt Mac 10 Morris N
18 Pt Mac 10 Morris Y
19 Pt Mac 30 Morris N
20 Pt Mac 30 Morris Y
18 7 21 MGO 30 Desmi N
22 MGO 30 Desmi Y
23 MGO 30 Morris N
24 MGO 30 Morris Y
19 8 Duplicate Select Select Select Select
Duplicate Select Select Select Select
Duplicate Select Select Select Select
20 9 Clean-up

At the conclusion of each test, sorbent will be used to recover as much sheen and herder as
possible, then the remainder would be dispersed into the tank with the fire monitors on the Main

Bridge.

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. Even if all the herder applied in up to 15 tests were completely

dispersed into the water column, it would only amount to 0.018 ppm (15 x 12/10,000).

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.

» Digital and film photographs and digital video.

* Ohmsett laboratory analyses.

7.1 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.



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)
* Hydrocal =300 with 5% IFO 380 (MSDS in Appendix)

Other Products/Chemicals:
* USN herder (65% Sorbitan Monolaurate and 35% 2-ethyl butanol — MSDSs attached)

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

o the evaporation rate of the oil is negligible, resulting in the off-gassing of little, if any,
vapors 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 “Using Herders to Enhance
Mechanical Recovery of Oil in Pack Ice” Tests at Ohmsett. Hazards associated with the tasks are
listed with preventive measures to be followed by affected personnel.



Table 3. Task Hazard Prevention

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.
Mobile crane operations
(objects striking)

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) Wea‘r appropriate PPE (protective_ clothes goggles/face
Agent shield, gloves, appropriate respirators will be worn

as required.

7) Wave generation a) Moving wave generating a) No personnel permitted in wave generating room
equipment (pinch points, during operations. PPE must be utilized when
objects striking). adjusting mechanics of wave generation equipment.

Use correct tools for the job and use them safely.

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

c) Sorbent boom sweeping.

hose streams, avoid direct contact of oil with water
stream. Clean any splashed oil from the deck with
absorbent pads.




strains, back injuries)

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)  Pack up 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.

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

5. Using Herders to Enhance Mechanical Recovery of Oil in
Pack Ice Quality Assurance

5.1 Introduction

Using Herders to Enhance Mechanical Recovery of Oil in Pack Ice Test Quality is the active
application of The Ohmsett “General Quality Procedures and Documentation Plan Manual” and
the “Using Herders to Enhance Mechanical Recovery of Oil in Pack Ice Test Quality Checklist.”

The Quality Checklist has a list of those items in the Using Herders to Enhance Mechanical
Recovery of Oil in Pack Ice 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.



5.2 Procedures

Using Herders to Enhance Mechanical Recovery of Oil in Pack Ice Test Quality Checklist is
implemented as follows:

Using Herders to Enhance Mechanical Recovery of Oil in Pack Ice 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

L. 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.

5.4 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.

5.5 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 Using Herders to Enhance Mechanical Recovery of Oil in Pack Ice 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.



6. SCHEDULE

The following schedule is planned for the Using Herders to Enhance Mechanical Recovery of
Oil in Pack Ice Tests.

DATE EVENT

January 26, 2009 Submit Draft Test Plan

February 9 to 20, 2009. Tests at Ohmsett

March 31, 2009 Deliver Raw and Processed Data,
Observations and Photo Video
Documentation to SL Ross

November 30, 2009 Submission of Draft Final Report
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Expozure Limits

Ferzoml
Fypes
Akin:

Clothing

CASH 0708

sctive Bquipment

Sear chemeal :-_;-|4:| g e

Vear appropriste profectve gheves fo prevent skin exposure.
Wear appropnate prabestive clothing bo minimeze contast with sk,

A pespiratory protestien progran G meels OSHA' X0OCFE 19100154 and ANSL S8 ) jeguiremnents o Buopesn Stamdard BM

Frapintes: 1% must be Tllvwed whensver woukplace comlibons waranl a respiratonrs use, Wea o NIOSHMSHA o Ewopan Standacd EX

149 approved Full-facepoece aurline seaparabor tn the posshive pressure mode with emergency eecape provizions
Bection 9 - Fhoyoeal and Chemizal Properbes
Phyawcal State. Clear ligmd
Zalor solorlzer - light yellow
dor: Mane reported
PEL Mot available,
Vapor Pressure: 1,7 hlfa i 20 C
Vipogity: 7.6 MPA 20000) deg &
Evilizg Pomt 146 deg © 0 T 00mm He ¢ 294 30°F)
BreezingBlelheg Point: 0 deg O { 32.060°F)
Antnigntban Ternperimre: 515 deg O 590,00 d82 F)
Flazh Paint: 37 deg O 134.60 deg F)
Baplozion Limits: Tawer Mot avalihls.
Explozion Limutes: Tpper Mot available.

Cmeompezition Temgentare

Jubility an waer: 10 g (20
anaity: B300zcm

ar Fomnulas CEH 140

Bolszular eght 102,18

Sectiom 10 = Ztzhilite and Rezetivite

Chenvical 3tability Stahle mmder normal emperanmes amd pressumes,



Coamdibans sy Avand: [neampathle matemala, ignitian anureas.
Treenpasitilitios with Orther Materiala Strang oxadizing

Hazardmiz Trecoanpogition Produers

rheng asids
Carbon mwonaxids, itritating and oeie fames and gazes, carhon diczids
Hazardouz Polymsrzbon Has nol been reported,
Sectien |1 - Tawie eleses] Infarnatan
RTECS%: CASH 97450 ELIRS0000

LIS LIS CAS 9’?-!5:‘_ f.kal_: rabbat: LIS = 1200 mzke;
Cral, mab: LSO = 1850 mz k=,
Skin, vabbil: LREO = 1260 ol Ay,
CarinogEnIc iy LETHYL-1-BUTANCL - Mot listed a3 a carcinesgen by ACGIH [ARC, ar NTP.
Tither: See azbual entry on RTECE for coomplete indarmatizn.
Section 12 - Erological Informabon
Mot avzilable.
Section 13 = Dapegal Conaderalions
Diiapoze of in & manner consiztant with federal, state, and locsl regulations
Section 14 - Transpodt nfoanabozn
1ATA JI% RIDVATR
Shipping Maine: 2-BTHYLBUTANOL A-ETHYLHU TAMUL 2EIHYLBUTANDL
Hazard Clase: 3 3 3
1T BMumaber: g 2113 2275
Packing Gooug ur m n
Bection 15 - Regulalory Toformalion
Burapeandnrernaticonal Reznlations

pean Labeling in Accordance with BZ Directives
Hazard Symbols 2
Rizk Fhrases
K 37422 Harmful to contact with skio and tf swallowed
Subety Phrases
Wikl (W anet DangerProtection )
87050 |
Canada
CASH 97950 ia listed on Canada'z TIST List
LIS Federal
TSCA
CASH 97-95] 12 lizted on the TSCA Drventery.

Section 16 - Cther Information
MEIS Creation Dare: 701671 96
Rewiginm #0 Thate Umgimal

The nformabion shoes iz believed o be geourate aod repretents the beet informmbion curcently available o vz Howsver,
we make nn waranty af menchanthilin ar any cther wartanty, & mplad, with re
we zmure ne lizkiley rerulting fromn o2 a2e Usee shauld maks 1 rRetigra b
iformanan for taeir particular purpases. In no event ghall

of for lest profily or angy apeeid, indirect, inzidentsl,
i1 Fisher has heen adwizad of the pasaibility of zuch damages

]
tx determing the so
1, or damages of
damages o

et 1o sueh informanan, and

A

ny third
ver ATising, even

quantial, ar ecernplary
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Pagal 7
Frird Ry, Dt Darin f20nd

MSDS Document

Product Hydrocal 300

-

. Chemical Product and Company ldentification ‘

Trade Narme of this Product Hydrocal 300
SV ME: 1250-0k}

M5305 D 1250-00

Maznufactyray Contact Naime
Calumet Lubricants Company Anre Coldsmith
276D Watarrant Pkay £ Suke 200 Phona Number
Irddanapolis, 1N 46214 2177 3385660

Emargdncy Phane
CHEMTREC {800} 424-5300
Rewizsion Date 081 O3

2. Compasition and Inforrmation on Ingredients

Ingrediant CAS Number Waight % ACGIH T|_‘|..|rI FEL STEL
Hzavy bydrotrested EATA 2525 1000 % 5 3

Naphtrarms Distillake:

{petrakeum)

3, Hazard ldentification

Hazards :

This produst & & claar, pale-straw o watar-whiko, viesa s lquid, It has s light cstroleam
auder.

Thie provhrt iz slighty comoustioks [Flarmmablity Clazs 1B bu; will Bum, flash poirt is
=201°F and autpignkicon lermpe dture is 650°F, Heated product will amduca solodess
vapors. Healed vepors in the presance of an initien source san be explosive T conlined,
Wher burned, ¢ procuct will produca carmon eanoxics and otrer asphywiants during

|
Bo-uu-1a U UOE IS :OL ROOD ERVIFOHMERNTAL HESEARCH FHUM: riil2dazroad FA?
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PageZ T

Prict Rev. Dete JOIH 2002
MSOSE 1D 1250-00
Hydrezal S0F

combustior,

Prlong unprotected expasurs o thie prooes will cause skin irkation. Matedal splashed in
eyes will irftaie liess. Gently Alash matara] fom evas witk o san water, mova product
soaked slething and wash with mid scap,

Ag wilh any petroleum produdt, avald miking this proaduct with stiong cxdzers,

Carcnogen Fsod by Nabenal Tadcelogy Frogram o)

LoACR S (ND)

OSHA (NGO}

AGEIH (NG

Thiz product dees net require a cansor hazard wamirg in gccerdance with lhn QEHA Hazard
Gommu nication Stendard,

MEEIZAL CONDITIONS AGGRAVATED BY EXFOSURE
Personnal with pre-ex#ing skan disordems shoukd aveid conladt win tHie ooduod.

Huoallh: =t dies heve shown et many paraleum byemoakbors and syrthelic kbritents poss
patertial human health rieks which mey vary from person to person As 3 precaution,
expasume to liguids, vasars, mess or fumes should 58 winimized.

4. First Ald Information

First Ainl Moasungs |

EYES 1

If sldzhned irda oyves, fush wihoess water for 15 minwes or unlil FrteGon schsrtes. |f
iFritation persists, call a phpsician.

ind vidua, skoukd ba evaluated immediataly by 8 phgelan as a sumics emefgenzy, Sven
thaugh initdel symptorns frare Sigh preesure injection may. be misimal ar . agmy
surglcal treatmert within e first few hours may significardy redwss the Limetts st of
injury, Pminngsr or repeated skin contzct may cause skin jritation,

MNGESTION

Pl uet is practicaly non-tox c. Do ret inducs vomidng, Satain ememanoy madies
atERan,

HHALATECN

Vapor pressure is very low. Vapor inhakVon under ambisit concilions s nowrEly not a
preblem, I¥ svermome by vapor fram st product, immed|ately removes fram sepoeurs zrd
ealla physician. If breathing |5 Imeguiar or fas sopred, star resuscliatiwy abrinistar

axygar., if gvallable. Il sveraxposed to oil mist, remoys rare sxposure urtll Bkceszive ail
mar conddion subsibas.

5. Fira Fighting Measures
Flash Point 350

A5-88-135 BE:37 TG:5L RIESS ENVIROHNHMEMTAL RESEARTH FROHM: 7?02 ORGFa8 rEz
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[aged 7

Print Hes:. Date 02001,2002
IMSDE 12 | 250-0a
Hydrecal 302

P Methed AT Dl

Fire Fighting

FIRE AND EXPLOSION HAZARDS

Slighely combustible, OZHAMNFPA Clazs LIB Coambushble Liquid. 1 heazled abave t=flash
et will rabease Mameable vagars which dan burn In thz open or be edoplesha 0 enafirad
spaces T axposed o igniion soure. Misks ar sprays ray be Nammabk balow oile nonma|
Mash poir. Keep away Hom sxrers Fest or open fame,

EXTNGUIEHING MEZIA

Foa, watsr spray (feg), diy enemical, carbon diceeida, arc vapoz ng hguic s

epfiT oL shirg agerts rmat all be suiks bis for sxtinguish ng 3 &s irvoling this bes of
pretuc;, depending or Hos or poleial sze of fire and gircumstances miatec o the
skuation. Flan fire pretecticn and responzs stratogy thraugh ennsubetion with focal fre
prefectian aut horities o; approprizhe spacialists,

Thne frllorwing proseduras for this orpe of pmduct are teges on e recsmendations in the

Mationsl Fire Profecton Aseoclathts Fire Prtedan Guis s on Hezem sue Matarialz”, Tenh
Edition {* 581k

Lizs water spray, dry charmical foam or carbon dioside o extinguish the fre,| Use waterio
heep fire-expozod containers coal. 7 a leacor spllhas not ignked, use water spray i
cisparss tha vapars and 1o smvitde protection for persons slempting 1o gopja kak, Wate-
spray may be weedto Nash apils away from expascms=, Minimize breathing of gasse, vapcr,
fames ordecempasinon products. Use suppbed-air breathing eguipmmset for erciogad o
carfinac spaces or 25 gthermdse neaded

DECOMPOSITION PRODUSTS UNDER FIRE COMDITIONS

Fumes smoke, csrbon mansdds, aldehydes and other decompeslon preglug s, in the case
o ircoar phate cormoustion.

FLASH POINT: »350°F =1T7°C GO0 ASTH Do
ALTD IGHITION, »550'F =243°0
FLAMMABILITY CLASS: NIB

6. Accidantal Release Measures

Relemas Measuras
Extinguisn army aoen Azmes and remervo neel sources,

FLapMABLE FROPERTIES ‘

The e material will float on water and wilbe tanspartsd by sto Travatsr noff.’ Spilks to the
araund shauld be imma billesd ard mmeoved immediataly. Spdlls 4o walercoursas such as
sormdra.ns, sewers, dichas, strears, sands, ato, must ke cortained wih elas, dams,
fleating booms pads, ale. g appmpriste. Remeve trapped product immmed istety.

Spillsthal enber 2 watarbody must be immedistely mpoted tc e USEPA's Nalicnal
Response Corter al [BOLGLG-20T2,
Thetk with yourloeal end ztste regulators rag ardieg their rporting red srarrbs,

Cleanup parsesmel should wear apprapriate persefins| protestive squiprment insluding
irperious dolhing, rubber boots, gloves, /nd splash goagles,

/RES-A9- 15 A5:NO7 TR ST ROGTE EXNY ! ROMMENTAL RESEARCSH F'H_I'}':l.d:'?ggghb'.rbqﬂ [ENSF. §
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Page s 7

Prim Res. Date 020152004
MEDS ID 125000
Hydroca 262

7. Hardling and Storage

Handling ami Stamge

HAMNOLINE AWND STORAGE PRECAL TIINS

Keep away from T ames, sparks ar Fat sufaces. Mavar usa @ toreh to o

or wekl on ar near comeingr. Emply oF containers can conta’n explosivevapars. NFPA
Chass 1B siorags. Wash thorougnly aer handling.

WORKIHYGIENIC FRAGTICER

Wasn hande with sgap anc water elom sating. drinking, aroking o uss of toilst Faciies.
Do not Jse gasaling, sokels hvwosana, or harsh Abmsive skin claanss lor washing
EApOEET ShN dreas, Take a showar after vork i ganaral cortact oczurs. Remiove: sil-asaked
clotheg anc laundsr befero rouse. Laundar or discard sontamindied shoss and lecthar

g lrves,

SFRPTY™ CON TAFNER WARNING

"Empty” ocmtainars retain oo mud and'or vapod) and Gan be damgemas, O NOT
PRESEURLLE, CUT, WELD, BRAZE, S0 _DE, DRILL, GRIND OR EXPOSE BUCH
CONTAINERS To HEAT, FLAME, SPARKS, $TATIC ELECTRC TY, OR OTHER SCURCES CF
IGNITION; TEFEY MAY Exl'-" DOE AND CALUZE IMJLRY DR DEATH.

(o met attem ol Lo rafdl or ¢laan conkalnars sines ree due is diFicull (o remned “Emply”

grurng shou d be comoles drined, prapety bunged ard promptly termed] o a drum
reconditicner. All cther containers should ba dispessd of iran smvimnmsntslly eafe mannes
anc In ameordaiice with govemmental Egulshans.

For work on ianks reler (o Cocupational Satey and Healtth Acmiris mtion regu ations, ANS:
Z458.1, and dner govermemal and industrial refe rencas pertaining ko 2lea g, i ng
waldirg, or cther conemplated apartiora.

8. Ezxpozure Controls and Persanal Prolection

EapozumiPPEHaavy

VENTILAT.CM

Lze tocal exhausl o coplure vapor, mis: o furres, #necassary. Prowlde variilalion
sufficient to prevent eameeciyg recommended suposure il o bildup of sdplosive
cancanrations of vapor Inair. Mo smaking, or 128 57 Tiema ar othar igaition Sources,

EVEFACE PROTECTION

Use safaly glassas or splash goggles wien oys cantac: mey oocur, Hava sultalb e eye wash
walsr available,

SKIN PROTECTION

Fwoid prelonged andiar repestec skin contact. f prokingsd contast cannet bl aveided, wear
profective Impantous giwves and clothing. Accepiabe matarisle for gioves a Pbywirnyt
chheisu nooprene; nérile; palyyving alcohcd; vion

RESPIRATORY PROTECT.CN

Morma by not reguired | adeguate ventilation. 1T ocoupalions smeposurs
it ane cxsoatad wear NIOSHIMSHA aperoved apparaius.

BL-83-15 @5:38 TO:5L ROSE FN¥IRCHHENTAL HISEARCH FROM: FRPOGLTENS
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Pape s T

Friet Faw. Date 02001 22304
MMEDS 1D 25000
Fydrocal 300

If ther iz a ikelihood of gakasheng, an oil msistart clothing shiaabd e won, Neasse wear n@
soaked dathing, Launder ar dry ¢ ean pefore wearrc, Dizcard oil soaked shoes 5o
watrr ny abasks on contalneme In acco danee wiin 23 CFR 910,41 200 {Hazard Cormunication
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Appendix D — Data from Ohmsett Skimmer Testing with

Herder
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Appendix E — Test Plan for Herder in Salt Marsh Tests at
the SL Ross Lab
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1 Introduction

A multi-year joint industry project was just completed that studied oil-herding agents as an
alternative to booms for thickening slicks in drift (or broken) ice conditions for in sifu burning.
The U.S. Navy cold-water herder formulation (65% Span-20 and 35% 2-ethyl butanol) used in
these experiments proved effective in significantly contracting fluid crude and refined oil slicks
in brash and slush ice concentrations of up to 70% 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 drift 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.

Otherwise unignitable crude oil slicks that were contracted by the USN herder could be ignited
and burned in sifu 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.

As a result of the experimental success to date thickening slicks for in sifu burning in drift ice, a
multi-project research program was proposed to continue the R&D on the use of herding agents.

This test plan covers the fifth task of the portions of the research being funded by MMS.



2 Objective

The objective of the multi-project research program is to determine whether herding agents can
contract oil slicks in specific spill situations where conventional countermeasures have limited
effectiveness and thereby enhance marine oil spill response operations. Specifically, the goal of
this task of the test program is to conduct preliminary experiments to determine the feasibility of

using the US Navy herder formulation to clear oil from salt marsh areas..
3 Work Plan

A series of small-scale experiments will be undertaken at the SL Ross lab to determine the
feasibility of using herders to clear oil from salt marshes. The experiments will utilize local
marsh grass (Figure 2) as surrogates for salt marsh species (Figure 1). The plants would be
placed in rectangular pans and oiled as if on a rising tide. Herder would then be applied to the
water and its effects noted, including water surface clearing efficiency, location of the herded oil
lenses and oil residue remaining on plant stems, substrates, etc. The effect of the following
parameters would be evaluated in the tests:

o Three ambient temperatures (0°, 10° and 20°C)

o Three water salinities (0, 15 and 35%o)

o Three oil types (two crudes that are fluid at ambient temperatures — ANS and Kuparuk

from the North Slope of Alaska) and No. 2 fuel oil)

Most experiments will be conducted in deeper plastic containers in order to minimize water, oil
and herder use and turnaround time between experiments (Figure 3). A series of experiments to
see if herder applied to the water prior to the arrival of an oil slick can help prevent oiling of a

salt marsh will be carried out in larger, shallower 1-m? metal pans (Figure 4).



Figure 2. Freshwater marsh grass used in experiments.



Figure 3. Plastic storage bin used for most tests.

Figure 4. 1 m” pan with “oiled” marsh plants.



The general test procedure for a bin test is:

1.

Place a section of trimmed (the stalks of the plants are cut back to just above the
waterline to permit easier photographing of the oil slick) marsh “sod”, wired to a
metal mesh substrate, in the bottom of each of three plastic bins.

Add a sufficient amount of the desired water (temperature and salinity) to each of
three plastic bins (Figure 3) to inundate the sod, but not cover the plant stalks.
Carefully pour 0.5 L of the crude on the water; making sure that it doesn’t stick to the
bottom of the bin or the sod while being poured.

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

Apply the prescribed amount of herding agent to the open water area with a
micropipette.

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

Sorb free oil from water surface, lift out sod sample, empty water from bins, rinse and

dry bins with paper towels.

Table 1 illustrates the test matrix.



Table 1: Test matrix for plastic bin experiments.

OIL SALINITY (%o) TEMPERATURE (°C)
0
0 10
20
0
ANS 15 10
20
0
30 10
20
0
0 10
20
0
Kuparuk 15 10
20
0
30 10
20
0
0 10
20
0
No.2 FO 15 10
20
0
30 10
20

The overhead digital photographs will be analyzed by computer to determine slick areas. 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.



Appendix F — Test Plan for Ohmsett Experiments on Using

Herders to Improve Operational Efficiency of Dispersants
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1. INTRODUCTION

A 5-day test program is planned at Ohmsett to determine if herding agents applied around a
spreading slick affect the operational efficiency of subsequent dispersant application.

1.1 Background

One of the identified weaknesses of chemical dispersants is that they consistently either under-
dose or over-dose real slicks due to the inherent large variability in oil thickness at sea.
Dispersant drops that fall on thin oil or sheen tend to penetrate through to the underlying water
and are wasted. In addition, the surfactants in dispersants also act as herders causing sheens or
thin oil slicks to rapidly contract resulting in much of the dispersant being wasted as it falls on
open water.

Dispersant drops that fall on thicker slicks will mix with the slick, if conditions are right.
However, it is impossible to tell the thickness of the “black™ portions of a slick visually making
accurate dosing with dispersant difficult—thin portions of the slick are overdosed and thick
portions are under-dosed. The application of a herding agent around the periphery of a slick just
prior to it being treated with dispersant would cause the slick to contract into much thicker oil,
covering a much smaller area with a more uniform, and predictable, thickness. This would allow
more precise application of dispersant to a smaller area of oil at a more predictable dosage.

Herders will contract free-spreading oils with thicknesses ranging from <1 pm to 1+ mm into
slicks of ~1 to 4 mm thickness, eliminating the sheen overdosing problem and greatly aiding the
thick slick under-dosing problem. This offers the possibility of significantly improving
dispersant targeting. Slicks that have spread to «1 mm thickness could be shrunk and thickened
with a chemical herder applied with a helicopter-slung bucket delivery systems, or vessel-based
delivery systems, then treated with dispersant from ships or aircraft. Another possibility is the
application of herding agents around slicks in calm seas to prevent them from spreading until the
wind picks up and breaking waves (necessary for effective chemical dispersion) appear.

1.2 Objective and Goal

The objective of the multi-project research program is to determine whether herding agents can
contract oil slicks in certain spill situations where conventional countermeasures have limited
effectiveness and thereby enhance marine oil spill response operations. Specifically, the purpose
of this task of the test program is to carry out experiments to study if applying chemical herders
around oil slicks on the open ocean can improve the overall operational effectiveness of
subsequent dispersant application.

More specifically, the goal of the work described here is to conduct dispersant effectiveness
experiments at Ohmsett to quantify the operational efficacy of herders in thickening fluid oil
slicks for subsequent treatment with chemical dispersants.



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, Minerals Management Service
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, testing is on weekdays only, and begins at 0700.

Minerals Management Service (MMS):
. 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

. 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

. Prepares the dispersant effectiveness testing equipment

. 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.

Table 1: Test Personnel Assignments

Rich Naples

Personnel Location Duties
Program Manager Control Tower Oversight
Bill Schmidt
Test Engineer/Director Test Basin Overall supervision of testing
Paul Meyer
QA Engineer Roving Monitors fluid sampling, data
Alan Guarino collection and test parameter accuracy.
Chemical Technician Oil Analysis Lab Handles and analyzes fluid samples.
Susan Cunneff
H&S Specialist Roving

Monitors personnel safety.

Fluid Transfer Technician

Main Tank Deck
Dave Knapp

Operates oil transfer system,
Operates fill and off-loading pumps

Video Technician

Roving
Bob Stewart

Operates hand-held video and digital
still camera

Rigger/Oil Transfer Technicians
Don Snyder, Tom Schmidt and/or John
Marcelliano,

Roving

Deploy boom, transfer oil, , collect oil,
clean and demobilize equipment

SL Ross Sr. Engineers
Ian Buist and Randy Belore

Roving

Design and direct tests. Apply herding
agent. Take overhead video and still

photographs Provide advice on test




2. TEST PROCEDURES

2.1 Preparation

The preparations for the tests include:
* SL Ross supplying 500 mL USN herder (65% v/v Sorbitan Monolaurate [Span 20] and
35% 2-ethyl butanol)
* MAR providing a man lift
* Identifying two crude oils in existing Ohmsett inventory to be used for the tests (for a full
suite of 8 tests, three drums [605 L = 160 gallons] is required). The suggested crudes are:
Oseberg Blend (both fresh and weathered) - 140 gallons available fresh; 83 gallons
weathered
Northstar — 22.4 gallons fresh
* Erecting windscreen on either side of the tank
» Setting up standard dispersant effectiveness testing equipment (Corexit 9500 will be the
dispersant) with the spray bar mounted on a trolley on the Main Bridge so it can be
moved to target the free-drifting slicks.
* Obtaining sorbent 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 breaking waves and
fine tune release and test procedures

2.2 Test Set-up, Instrumentation and Procedures

In order to minimize dissolved dispersant effects on the results, the control (no herder) tests will
be completed after the all the tests with herder applied (the SL Ross lab testing showed that only
if the oil is put on the water immediately after it has been swept with sorbent, will it spread to a
thin slick). The effects of the herding agent would be quantified by measuring the change in
surface area of the slick after herder application using overhead video and digital photography
taken from a lift basket positioned over the tank. Dispersant effectiveness would be measured
using the standard Ohmsett protocols, modified to account for herder use, as described below.

The amounts of herder used for each test are small (the recommended dose rate is 50 mg/m? or
only 200 mL [20 m x 203 m x 50 mg/m?] to cover the entire surface of the Ohmsett tank). Even
if all the herder from one test were dispersed into the water at Ohmsett, it would amount to a
concentration of only 0.02 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.

The dispersant spray system to be used in the testing will involve a spray bar mounted on a
trolley so that it can be positioned to spray the free-drifting slick when the time comes. The
hand-held sprayer will also be used to treat herded slicks in two tests. Corexit 9500 dispersant



will be used in all of the tests. The USN herder will be the only one tested.

The wave paddle settings used in all dispersant tests at Ohmsett earlier tests were a 3.5 inch
stroke and 34 to 35 strokes per minute: 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
produces equivalent waves.

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

l.
2.

3.

*®

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

The oil containment area is established in the Ohmsett tank.

The oil and dispersant are loaded into their respective supply tanks on the Main
Bridge deck.

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 southern quarter point of the tank within the
boomed area. The wave paddle is started and the waves are allowed to develop to a
stage just prior to the formation of breaking waves.

The bridge is moved south at the required speed to achieve proper slick dimensions
(between 0.25 and 1 knots).

The oil is pumped at the required rate onto the surface through the discharge manifold
mounted on the south side of the bridge.

The Main Bridge is re-positioned to apply herder from two hand-held spray bottles.
The man lift is moved into position for digital overhead photographs.

The slick is allowed to spread to equilibrium, and a digital photo of the slick is taken
from the man lift.

Then, herder is applied to contract the slick (for the last two tests, no herder is
applied).

A second digital photo of the herded slick is taken from the man lift.

The Main Bridge is re-positioned to apply dispersant.

The dispersant is applied onto the oil slick from one or more of the three spray bars
mounted on the north side of the bridge in the same pass, or the hand-held sprayer.
The waves are left on for 30 minutes and then the wave maker is stopped.

The water spray from the Main Bridge fire monitors is used to sweep any 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 oil is then removed from the water surface using a double-diaphragm pump and
suction wand and placed in a collection drum.

The drum is allowed to stand at least overnight and most of the free water present is
pumped from the bottom of the drum.

The remaining oil and water are well mixed and a sample is taken for water content
and physical property determination.

The quantity of liquid in the drum is measured and the amount of oil determined by
subtracting the amount of water as determined using the water content analysis.

The effectiveness of the dispersant is reported as the volume of oil discharged minus
the amount collected from the surface all divided by the amount discharged (times



100 to convert to a percentage).

21. Each test is video taped for future visual reference.

22. At the end of each test it will be necessary to remove the residual herder and
dispersant from the water surface. 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

Test Matrix Variables
1. Oil type (two fresh crude oils, and one weathered for several hours);
2. Dispersant application technique (spray bar or hand-held sprayer; and,
3. Herder application, or not.

A total of eight tests are planned over a four-day test period. Table 2 gives the proposed matrix
for the tests. Testing is to take place October 19 to 23, 2009.

Table 2. Preliminary Matrix of Tests

Oct | Day Test Crude Oil Herder | Dispersant Application
19 1 | Setup/calibrate wave maker
20 5 1 Oseberg Fresh Y Spray Bar(s)
2 Oseberg Weathered Y Spray Bar(s)
71 3 3 Oseberg Fresh Y Hand Held
4 Oseberg Weathered Y Hand Held
» | 4 5 Oseberg Repeat Y To Be Determined
6 Northstar Y To Be Determined
23 5 7 Oseberg Fresh N Spray Bar(s)
8 Oseberg Weathered N Spray Bar(s)

At the conclusion of each test any herder and dispersant 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.

» 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.



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
Other Products/Chemicals:
* USN herder (65% Sorbitan Monolaurate and 35% 2-ethyl butanol — MSDSs attached)

According to available product safety information, respiratory protection is not needed, as:
o the evaporation rate of the oil is negligible, resulting in the off-gassing of little, 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
tasks are listed with preventive measures to be followed by affected personnel.



Table 3. Task Hazard Prevention

equipment/pumps/hoses/
lines (pressure release, 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.
Mobile crane operations
(objects striking)

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

damaged equipment. Replace cracked hoses, broken
gauges prior to pressurization. Inspect for leaks.
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 b) Working on bridges a) Wea‘r appropriate PPE (protective_ clothes goggles/face
Agent shield, gloves, appropriate respirators will be worn

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, during operations. PPE must be utilized when
objects striking). adjusting mechanics of wave generation equipment.

Use correct tools for the job and use them safely.

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.




strains, back injuries)

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)  Pack up 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.

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—-1732-741-2700
* Bayshore Hospital 9—732-739-5900

* Poison Control Center 9-1-(800)962-1253



5. Herders to Improve Operational Efficiency of Dispersant
Operations Quality Assurance

5.1 Introduction

Herders to Improve Operational Efficiency of Dispersant Operations Test Quality is the active
application of The Ohmsett “General Quality Procedures and Documentation Plan Manual” and
the “Herders to Improve Operational Efficiency of Dispersant Operations Test Quality
Checklist.”

The Quality Checklist has a list of those items in the Herders to Improve Operational Efficiency
of Dispersant Operations 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.

5.2 Procedures

Herders to Improve Operational Efficiency of Dispersant Operations Test Quality Checklist is
implemented as follows:

Herders to Improve Operational Efficiency of Dispersant Operations 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

L. 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.



5.4 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.

5.5 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 Herders to Improve Operational Efficiency of Dispersant Operations 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.



6. SCHEDULE

The following schedule is planned for the Herders to Improve Operational Efficiency of
Dispersant Operations Tests.

DATE EVENT

October 1, 2009 Submit Draft Test Plan

October 19 to 23, 2009. Tests at Ohmsett

November 30, 2009 Deliver Raw and Processed Data,
Observations and Photo Video
Documentation to SL Ross

December 31, 2009 Submission of Draft Final Report




Appendix G — Data for Ohmsett Tests on Herders to Improve

Operational Efficiency of Dispersants
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