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Executive Summary

Objective

The objective of this study was to determine if Corexit 9500 and Corexit 9527 dispersants are
effective in dispersing Alaskan crude oils in cold-water conditions at the Nationa Oil Spill
Response Test Facility (Ohmsett).

Background

Dispersant effectiveness experiments completed at Ohmsett, in 2002 (SL Ross 2002)
demonstrated that Alaska North Slope and Hibernia crude oils could be successfully dispersed in
cold-water conditions. Subsequent to this testing, four Alaskan oils from the Prudhoe Bay area
were sampled and tested for in situ burning cleanup effectiveness (SL Ross 2003). The Minerals
Management Service (MMS) procured an additional 4 drums of each of the crude oils used for
the in situ burning test program for dispersant effectiveness experiments. The intent was to
collect large-scale test data on both in situ burning and chemical dispersant countermeasures on
these crude oils (both fresh and evaporated) to provide better insight into the possible
effectiveness of these two clean-up techniques in the event of spills in cold waters. The four
Prudhoe Bay crude oils selected for testing were Alaska North Slope (ANS), Northstar, Endicott
and Pt. Mclintyre. One Cook Inlet crude, Middle Ground Shoals (MGS) was a late addition to the
dispersant effectiveness test program and was not included in the in situ burning study. All of the
crude oils were shipped to Ohmsett for the large-scale test program. Small quantities of each
crude oil were also shipped to Ottawa for preliminary, smaller-scale dispersant effectiveness
testing used to help plan the more complex and costly large-scale test program at Ohmsett. The
degrees of evaporation used in the dispersant effectiveness tests were the same as those used in

the in situ burning work.



Summary of Results

Preliminary testing in small wave tank tests showed that Corexit 9500 and Corexit 9527 gave
similar dispersion effectiveness on al of the oils tested. These results led to the use of only
Corexit 9527 for the large tank experiments at Ohmsett. Corexit 9527 was selected because this
is the primary dispersant currently stockpiled in Alaska. The small-scale experiments also
provided an indication of the Dispersant-to-Oil Ratios (DORSs) needed to effect dispersion for
each of the oil types at the test temperature (~0°C). The DORs ranged from lows of 1:50 to as
high as 1:10 for the heavier and evaporated oils.

A total of fourteen large-scae tests were completed at the Ohmsett facility with various
combinations of oil type and dispersant-to-oil ratios (DORs). Table S1 summarizes the

dispersant tests that were completed. Table S2 summarizes the control test results.

Table S1. Cold-Water Dispersant Effectiveness Test Results Summary

% |Average/Average| Oil | Approx. Max. Links
oil Evap.| Air | Water [Volume| Oil DOR Disper sant to Video Test
By | Temp | Temp |Spilled|Thickness Effectiveness Segments #
Weight| °C °C | (liters)| (mm) (%)
ANS 17 -3.1 -0.6 107 0.92 24 85 1R1.mpg, 2R1.mpg, 3R1.mpg 1
ANS | 17 | -17 | -04 | 1001 | 097 | 25 86 REMPG, 2RSSR, ARIIPG. - g
5R9.mpg, 6R9.mpg
Endicot| 0 | -21 | -04 | 113 | 11 |31 74 1R8.mpg, 2R8.mpg, SRB.mpg, ARBmMPG, | g
5R8.mpg, 6R8.mpg
Endicott| 11 -1.9 -0.6 94 0.91 22 3 1R14.mpg, 2R14.mpg, 3R14.mpg, 4R14.mpg | 14
Northstarl 0 -4.4 -0.4 78 0.75 18 ~100 1R2.mpg, 2R2.mpg, 3R2.mpg 2
Northstar| 29 -74 -0.7 105 1.1 19 8 1R10.mpg, 2R10.mpg, 3R10.mpg 10
MGS 0 61 05 08 0.95 24 82 1R11.mpg, 2R11.mpg, 3R11.mpg, 4R11.mpg, 1
5R11.mpg
MGS | 20 | 53 | -11 | 105 | 090 |27 80 1R3.mpg, 2R3.mpg, SR3mpg, AR3mpG, | 5
5R3.mpg
Pt. 1R12.mpg, 2R12.mpg, 3R12.mpg, 4R12.mpgq,
Mcintyrel 0 -5.6 -0.5 103 1.0 29 77 5R12.mpg, 6R12.mpg 12

It was clear from visual observations alone which experiments resulted in a significant dispersion
of oil and which did not. The visual observations were supported in three separate ways. First of
al, a numerical estimate of the dispersant effectiveness (DE) was made for all tests by
recovering and measuring the surface oil remaining at the end of the test period. Secondly, in-
water oil concentration measurements were made using two flow-through fluorometers and
analysis of water grab samples using IR spectrophotometry. Finally, oil drop size distributions

were recorded using alaser particle size analyzer suspended in the tank.
ii
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Table S2. Large-Scale Control Test Results

0, I 0,
% |Average|Average| Oil Approx. & ofOSiplnIIed EVA) Links
. Evap. | Air Water | Volume Oil ap. ‘ Test
Oil . . DOR| Recovered from to Video
B_y Temp | Temp Spllled Thickness from Collected Segments #
Weight C C (liters) (mm) Surface oil
ANS | 0 | -43 | 10 | 9% | 093 | 0 69 1o [FRAMRG ZRLIDY SRAMNG 4
ANS | 0 | -14 | 09 | 108 11 |0 97 5 [WRLORS fﬂ';;'rgg‘; %’;Z'mpq' 7
Endicott | 0 28 | -10 | 103 1.0 0 84 4 1R6'r2%% fﬂ';g'rgg% %’;g' mog.| g
Northstar 0 -3.6 -1.8 103 1.0 0 93 27 1R5.mpg, 2R5.mpg 5
Pt 1R13.mpg, 2R13.mpg,
) 0 -3.7 -0.8 104 1.0 0 58 20 3R13.mpg, 4R13.mpg, 13
Mclntyre 5R13.mpg

After each test the oil remaining in the containment area was collected and its volume
determined. The collected volume was compared to the quantity of oil discharged in the test to
determine the maximum possible dispersion efficiency (DE) of the experiment. The DE values
measured in the test program ranged from 3 to 100%, as reported in Table S1. The chemically
dispersed runs resulted in high percentages (75 to ~100%) of oil dispersing into the water
column, with the exception of tests 10 (evaporated Northstar) and 14 (evaporated Endicott). The
DE trends identified in the smaller scale testing were mirrored in the large-scale test results. The
heavily evaporated Northstar and evaporated Endicott crude oils were resistant to chemical
dispersion in both the small-scale and Ohmsett experiments. A higher percentage of the fresh
Endicott crude oil was dispersed in the Ohmsett experiments when compared to the small-scale
results (74% vs 20 to 30%). This may be due to additional mixing energy present in the Ohmsett
tests, in the form of breaking waves that do not develop in the small tank tests.

The oil concentration measurements taken at the 1-meter depth were the largest measured and
the most variable in al of the experiments, especially on the first pass of the fluorometers
through the dispersed oil cloud. The concentrations at 1-meter depth tended to decline and
stabilize on subsequent passes, presumably due to the diffusion of the dispersed oil cloud and/or
the rise of larger oil drops to the surface. The concentrations measured at the 2-meter depth were
generaly lowest on the initial pass and often increased on subsequent passes. These results
suggest an initial dispersion of oil in the upper water layer with a gradual diffusion of the cloud
to depth. Plots of these measurements are provided in Appendix E and are accessible through the

following hyperlink (Appendix E).
iii
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It was found that the oil concentration estimates made using the flow-through fluorometers were
in genera 4 to 5 times lower than the concentration estimates made using IR spectrophotometry.
However, the relative concentrations measured with the fluorometers provide a valid picture of

the change in oil concentration over time and space.

Particulate matter in the water column was measured at the 2-meter depth using a laser particle
size analyzer. The data was adjusted to account for the presence of background particles prior to
each experiment. The measured drop size distributions suggest that a high percentage (average of
al experiments was 78%) of the oil mixed into the tank, in the cases where dispersant was
applied, would remain dispersed under typical ocean mixing conditions (all oil drops less than
100 pm in diameter assumed permanently dispersed). Only about 30% (average of all
experiments) of the oil present in the water column in the control experiments was in the form of
drops that could be considered permanently dispersed. The concentrations of oil in the water
column during the control experiments were also generally much lower than for the chemically
dispersed cases.

The percentage of oil recovered from the surface was measured for each control experiment (no
dispersant applied). The oil remaining in the containment boom at the end of each experiment
was collected and the total volume, water content and density (of parent oil not oil and water
mixture) of the collected emulsions were measured. The parent oil density data were used to
estimate the amount of oil that evaporated over the duration of each control experiment. The
amounts collected and losses attributable to evaporation are shown in Table S2. Between 80 to
120% of the spilled oil was accounted for in the control experiments indicating that the test

protocol achieved a mass balance accuracy of about £20%.

A small, undetermined amount of oil splashed over the north-end containment boom in the first
control experiment (test #4). No oil loss over the end containment was seen in the first three
experiments (tests #1, #2 & #3) as most of the oil dispersed within minutes of the application of
dispersant. After test #4, a second end barrier was installed approximately ten feet south and
parallel to the original barrier to improve the oil containment. Loss of oil outside of the second
containment barrier was not observed in any of the subsequent experiments. Between 80 to

iv



120% of the ail discharged in the control experiments was recovered or accounted for through
evaporation losses at the end of the test periods. The in-water oil concentration measurements
from the fluorometers did not show any significant quantities of oil in the water column for any
of the control experiments.

The Ohmsett tank water temperature stayed between —-0.4 to —1.8 °C throughout all of the
experiments without the need to use artificial chilling. This was due to the unusually cold
weather experienced during the test period. Average air temperatures during each test ranged
from 2.8 to —7.4 °C. The average wave amplitude for the tests ranged between 5.9 and 8.6 inches

and the average period was between 1.8 and 2.2 seconds.

The concentration of dispersant in the water at the end of the experiments was about 7 ppm. A
total of about 70 liters of dispersant was sprayed into the 10 million-liter tank during these
experiments. The dispersant added to the Ohmsett tank water during the test program did not
affect the results of experiments; dispersant concentrations on the order of 400 ppm are the
lowest at which dissolved dispersant in the water begins to affect DE test results.

Recommendations

A double north-end containment boom should be used in all future tests to eliminate the loss of

surface oil from the containment area by splash over.

The air-actuated valves used to start and stop the oil flow through the discharge piping should be
serviced prior to any additional cold-water dispersant effectiveness testing. These valves mal-
functioned in the cold weather experienced during the test period.

The effect of oil drop size on the measurement of the fluorescence of oil-in-water dispersions,
using the Turner Fluorometers, should be investigated if direct, absolute oil concentration
measurements are of interest. Alternatively, the results from the fluorometers should be adjusted
based on the results of IR-Spectophotometry measurements of water grab samples taken in

conjunction with the fluorometry readings.



The use of continuous flow through fluorometry to monitor in-water oil concentrations and in
situ laser particle size measurement provided valuable insight into the dispersion process and

could be used in future dispersant effectiveness tests when budgets permit.
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DISPERSANT EFFECTIVENESS TESTING IN COLD WATER

1. Objective

The objective of the study was to evaluate the effectiveness of Corexit 9500 and Corexit 9527
dispersants on Alaskan crude oils in cold-water conditions at the National Oil Spill Response
Test Facility (Ohmsett).

2. Background

Dispersant effectiveness experiments completed at Ohmsett, in 2002 (SL Ross 2002)
demonstrated that Alaska North Slope and Hibernia crude oils could be successfully dispersed in
cold-water conditions. Subsequent to this testing, four Alaskan oils from the Prudhoe Bay area
were sampled and tested for in situ burning cleanup effectiveness (SL Ross 2003). The Minerals
Management Service (MMS) procured an additional 4 drums of each of the crude oils used for
the in situ burning test program for dispersant effectiveness experiments. The intent was to
collect large-scale test data on both in situ burning and chemical dispersant countermeasures on
these crude oils (both fresh and evaporated) to provide better insight into the possible
effectiveness of these two clean-up techniques in the event of spills in cold waters. The four
Prudhoe Bay crude oils selected for testing were Alaska North Slope (ANS), Northstar, Endicott
and Pt. Mclintyre. One Cook Inlet crude, Middle Ground Shoals (MGS) was a late addition to the
dispersant effectiveness test program and was not included in the in situ burning study. All of the
oils were shipped to Ohmsett for the large-scale test program. Small quantities of each crude oil
were aso shipped to Ottawa for preliminary, smaller-scale dispersant effectiveness testing used
to help plan the more complex and costly large-scale test program at Ohmsett. The degrees of
evaporation used in the dispersant effectiveness tests were the same as those used in the in situ

burning work.



3. Test Methods

Two series of dispersant effectiveness experiments were completed on the crude oils. Initid
small-scale tank experiments were completed at the SL Ross laboratory in Ottawa. The goa of
these experiments was to determine the likely effectiveness of both Corexit 9500 and 9527
dispersants on each of these oils prior to the more complex and costly large-scale test program at
Ohmsett.

3.1 Small-Scale Tank Test Methods

A detailed description of the test procedures used in the small-scale tank experiments at the SL
Ross facility in Ottawais provided in Appendix A. An abbreviated description of the test method
is provided below.

The test method uses the SL Ross indoor wave tank that is 10 meters long by 1.2 meters wide by
1.2 meters deep and is fitted with a wave-generating paddle at one end and a wave-dissipating
beach at the other. This relatively large tank allows the use of full-scale spray nozzles for
dispersant application. Tests are completed with the tank filled to a depth of 85 cm with 32 ppt
salt water. A photo of the test tank is shown in Figure 1.

Oil is held in the middle of the tank using an air bubble curtain. The rising air bubbles from this
submerged diffuser system entrain water that in turn creates an inflow of water at the surface.
This inflow herds the oil to the center of the area above the rectangular diffuser. The oil remains

within this confinement zone even when waves are introduced.

Dispersant is applied using an overhead spray boom mounted to the ceiling above the center of
the test tank. The dispersant is applied through Spraying System Company flat-fan nozzles.
These are the same type of nozzles used in full-scale, vessel-based dispersant application
systems.



Figure 1. Test Tank

The amount of dispersant applied per unit area of surface is measured for each test by collecting
the spray in a tray suspended just above the water surface at one edge of the oil containment

Zone.

The final estimate of dispersant effectiveness for each test is made by sorbing the oil left in the
containment area at the end of the test and comparing the amount sorbed with the amount used in
the test.

The key elements of the test method or procedures can be summarized as follows.

1. The dispersant spray apparatus is prepared by fitting the appropriate nozzles to the spray
boom, putting the selected dispersant in the application pressure vessel, adjusting the air



pressure used to spray the dispersant and setting the boom drive motor to the appropriate
Speed.

2. The underwater lights, dispersant measurement tray, video camera and air bubble barrier
arereadied.

3. The ail is placed within the containment zone, the dispersant applied, the dispersant

measurement tray removed and weighed and the wave paddle started.

4. After 20 minutes the wave paddle is stopped and the oil remaining in the containment

zone is sorbed to estimate the dispersion efficiency.

3.2 Ohmsett Dispersant Effectiveness Test Method

An overview of the dispersant effectiveness test method used at Ohmsett is provided by first
describing the test tank and apparatus used in the testing. This is accomplished primarily through
the use of photos of the equipment used in the dispersant experiments to give the reader an
appreciation of the scale of the operation. Methods used to characterize the dispersed oil are then
described. Finally, the step-by-step test procedure is itemized. The test procedure has been
developed over a period of several years and has been refined from the experiences gained from
two earlier dispersant effectiveness test projects (SL Ross 2000, 2002).

3.2.1 Major Test Equipment Components

The main equipment components of the DE test procedure include the Ohmsett tank, the wave
making system, the main equipment bridge, the oil distribution system, the oil containment boom
and the dispersant spray system. Photos of these components are provided in Figures 2 through
8. Additional details concerning this equipment can be found in SL Ross 2000. Dispersed oil was
characterized using flow-through fluorometry, dispersed oil particle size determination and water

sampling (for Total Petroleum Hydrocarbon (TPH) determination).



Figure 2. Ohmsett Test Tank with Oil Containment Boom

Figure 3. Ohmsett Tank Wave Paddle System



Figure 4. Main Bridge with Dispersant Spray Bar in Foreground, Oil Distribution Behind
i =

i

Figure 5. Oil Distribution System



Figure 7. Dispersant Supply Tank and Pump



Figure 8. Dispersant Spray Bar in Operation

3.2.2 Dispersed Oil Measurement Methods

The presence of dispersed oil in the water column was measured using three techniques:

1.

In-water oil concentrations were measured using two flow-through fluorometers (Turner
Design model AU-10 fluorometers, AU-10 Speifications) t0 which water was pumped from

1-meter and 2-meter depths. The pumps were suspended by chain from the bridge rail
and were moved laterally in each test so they passed through the main dispersed oil
cloud or under the main surface dlick, if no cloud was visible. Calibration curves were
developed for each of the oils for the two fluorometers over the range of 6.25 to 100
ppmv. The calibration standards were made by thoroughly mixing 1 ml of oil (that was
premixed with 0.1 ml of Corexit 9527) into 10 litres of salt water. The standards were
light brown in color with little or no visible dark oil droplets indicating that the oil was
present in the form of very small droplets. The 100 ppmv standard was serially diluted to



achieve concentrations as low as 6.25 ppmv. Instructions for the basic operation of the
AU-10 fluorometers can be viewed in the following document 10au _manual.pdf. The
calibration curves for the two fluorometers are provided in Appendix D and can be
immediately viewed by using the following link (Turner calibrations). The calibration curves

were linear over the range of concentrations considered.

2. Water samples were also taken from the fluorometer water streams during the
experiments for total petroleum hydrocarbon determination (TPH) using CCl, extraction

and infrared spectophotometry.

3. Dispersed ail drop-size distributions were recorded using a Sequoia LISST 100 particle
Size analyzer (LISST Spedifications). This device was suspended by chain from the bridge rail

and moved in each experiment to ensure that it passed through the main dispersed oil

cloud or under the main surface slick, if no dispersed oil cloud was evident.

3.2.3 Ohmsett Dispersant Effectiveness Test Procedure

The following steps, were completed for each experiment.

1) Set up boom / oil distribution system / dispersant spray bar and pump.

2) Clear entire tank and inner boom area of oil. Remove tramp oil dlicks from the tank or

isolate them from the test area using the auxiliary bridge boom.

3) Set up fluorometer and particle size instrumentation. Deploy fluorometer pumps shortly
before start of test to prevent freezing of water lines. Pumps were left running in a tank of water

on deck (with flow re-cycling into the on-deck tank) to ensure proper flow at test time.

4) Transfer oil to open top drum on main bridge. Fill the oil discharge manifold with oil.

Measure and record the depth of oil in the drum.



5) Fill dispersant supply tank and keep warm with immersion heater to ensure proper spray
pattern.

6) Test spray bar operation to ensure even spray from all nozzles (visual confirmation).
Measure and record the depth of dispersant in the supply tank. Leave dispersant spray pump
running and re-circul ate the dispersant through the supply return line to keep supply line contents

warm.

7) Position main bridge north of the center of the boomed area.

8) Start data collection for fluorometers and particle size analyzer just prior to starting the
discharge and spraying of the oil to provide background readings.

9) Move bridge to the south at 1 knot (0.5 m/s).

10)  Start oil pumping when the bridge is a few meters south of the center of the boomed area
and continue pumping for 35 to 40 seconds at 40 gpm. Time the duration of the oil discharge and

measure and record the depth of oil in the drum at the end of the discharge.

11)  Start wave paddle at 35 cycles per minute (cpm) with 3-inch stroke at same time that oil
discharge is started.

12)  Start dispersant spray at start of oil pumping and continue spraying until 1 m past last
surface oil (spray pressure 45 to 55 psi). Time the duration of the dispersant spraying and
measure and record the depth of dispersant in the supply tank at the end of the spraying

operation.

13) Rotate the oil distribution bars up away from the water surface to prevent contact with

waves or the end containment booms.

14)  Videotape and photograph the test with emphasis on providing a good overview of the

development (or lack thereof) of any dispersed oil cloud that forms.
10



15)  Ten minutes after the formation of the first breaking waves, move the bridge over the
main dispersed oil cloud (or surface dlick if no cloud is evident) at a speed of 0.25 knots and
collect oil concentration data (fluorometer readings and water grab samples) and particle size
data. Move the instrument chain so the fluorometer pumps pass through the center of any

dispersed oil cloud. The duration of the sampling run should be about 8 minutes.

16)  Repeat in-water sampling passes 30 and 50 minutes after the start of waves.

17)  Stop the wave paddle 60 minutes after the start of breaking waves.

18)  Flush the oil remaining within the boom to the down-wind end of the boom and collect

either using aladle or a suction tube.

19)  Decant free water from the collected oil and measure the quantity of oil (or emulsion)

collected.

20) Completely mix the collected material and take a 500 ml sample of the product oil for
water content and density determination. This data is used to determine total quantity of oil
collected.

21)  Clean and prepare the tank for the next test.

Figure 9 shows a typical control test (no dispersant applied) in cold water shortly after the onset

of wave cresting. The photo provides a good indication of the wave energies used in the tests and

illustrates the behavior of atypical oil slick with no dispersant applied.

11
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Figure 9. Control Test (no dispersant), Surface Oil an Cresting Wave

12



Figure 10 shows surface oil remaining at the end of a test after herding to a central
collection area using the main bridge fire monitors.

Figure 10. Oil herded to End of Double Boom for Collection

The oil remaining in the boomed areas at the end of each test was pumped from the surface,
using a diaphragm pump and suction tube, into a decant drum.

13



4. Test Results

4.1 Small-Scale Tank Experiments

A total of 16 small-scale tank experiments were completed on four of the five crude oils. The
degrees of weathering used in the tests were the same as those used in the in situ burning work
completed on these oils in a parallel MMS research project (SL Ross 2003). Slightly different
degrees of evaporation were used in the small-scale versus the large-scale tests for the Northstar
crude oil (33.8% vs 29%) and the Endicott crude oil (9% vs 11%), due to the difficulty in
reaching a specific end point when evaporating a large quantity of oil. Table 1 shows the basic
physical properties of the oils tested in the large-scale work. The properties of the weathered
Northstar and Endicott crude oils used in the small-scale tests were very similar to those reported
in Table 1, all other oil properties apply to both the small and large-scale tests. Detailed viscosity
data are provided in the Lab Analysis section of MAR Inc.’s data summary report delivered
under separate cover. All experiments were completed with water temperatures between 0 to
2°C. The ail thickness in these experiments ranged from 0.9 to 1.1 mm, with the exception of test
2 where the oil was estimated to be 0.75 mm thick.

Table 1. Physical Properties of Test Oils

Oil-Water
QOil Type Density Viscosity Interfacial Pour Point!
(% evaporated) (kg/m® at 25 °C) (cP at 0°C) Tension (°C)
(dynes/cm)
ANS (fresh) 873 98 205 <12
ANS (17%) 912 496 20.9 -12
Endicott (fresh) 878 1630 26.0 3
Endicott (11%) 914 2525 25.3 3
NorthStar (fresh) 812 101 14.4 <-9
Northstar (29%) 864 520 14.8 12
Pt. Mclntyre (fresh) 890 740 224 3
Pt. Mclintyre (9%) 902 - - 3
MGS (fresh) 856 36 26.9 <-18
MGS (20%) 914 3180 254 0

1 pour Points reported are from historical records for these oils with the exception of MGS.

MGSisfrom recent analysis of oil used in the current test program.
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Small-scale tank tests were not completed for the ANS crude oil because large-scale results were
already available from previous Ohmsett tests (SL Ross 2002). The small-scale tank test results

are summarized in Table 2. The small-scale testing provided insight into two main areas.

Table 2. Small-Scale Tank Dispersant Effectiveness Test Results

Endicott
Fresh 9.1 % Evaporated
Corexit 9500 Corexit 9527 Corexit 9500 Corexit 9527
DOR 1:.14 1:11 1:23 1:.27 1:.21
Efficiency (%) 8 20 33 0 0
Northstar
Fresh 33.8 % Evaporated
Corexit 9500 Corexit 9527 Corexit 9500 Corexit 9527
DOR 1:33 1:52 1:20 1:19
Efficiency (%) 96 99 0 19
Cook Inlet (MGS)
Fresh 20 % Evaporated
Corexit 9500 Corexit 9527 Corexit 9500 Corexit 9527
DOR 1:58 1:26 1:14
Efficiency (%) 99 74 77
Pt. Mclntyre
Fresh 9.1 % Evaporated
Corexit 9500 Corexit 9527 Corexit 9500 Corexit 9527
DOR 1.54 1:58 1:16 1:16
Efficiency (%) 99 96 37 8

Thefirst isthat Corexit 9500 and Corexit 9527 give similar effectiveness results on all of the oils
tested. Because Corexit 9527 is the dispersant presently stockpiled in Alaska in the largest
guantities and would be the most likely product to be used on a spill, it was selected for use in
the Ohmsett testing to minimize the number of tests required. It can be inferred from the small
tank results that Corexit 9500 would generate similar results at Ohmsett to those achieved with
Corexit 9527.

The second piece of information gained from the small-scale experiments was an indication of
the Dispersant-to-Oil Ratio (DOR) needed to effect dispersion for each of the oil types. For the
fresh Northstar, Point Mclntyre and MGS crude oils, DORs of 1:50 (or less) provided sufficient
chemical for complete dispersion of the oil. The fresh Endicott crude oil was only partialy

dispersed (20 to 30%) with DOR’s as high as 1:11. The small-scale tank test results also indicate
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that the weathered oils were not easily dispersed with dispersant applied in DORs in the 1:15 to
1:20 range. The evaporated MGS crude oil showed promise for chemical dispersion (about 75%
dispersion) and evaporated ANS was shown to be dispersible in the previous Ohmsett trials.
Chemical dispersion of the remaining evaporated oils was poor in the small-scale tank

experiments with effectiveness results ranging from 0% for Endicott to 37% for Pt. Mclntyre.

4.2 Large-Scale Tank Experiments at Ohmsett

A total of fourteen experiments were completed with various combinations of oil type and
Dispersant-to-Oil Ratio (DOR). Table 3 summarizes the tests that were completed, ordered by oil
type. The physical properties of the oils used in the tests can be found in Table 1. Oils were
evaporated by bubbling air through heated drums. A series of video clips have been captured for
each run. They can be accessed through the hyperlinks in the Table 1. In most of the dispersant
tests the video images show the early dispersion of oil and formation and growth of a dispersed
oil cloud. The control test videos feature distinct surface slicks throughout the tests.

The air temperature during the test period ranged from 2.8 to —7.4 °C. The water temperature
during each test was constant and the average water temperatures for the 14 experiments ranged
between —0.4 to —1.8 °C. With the exception of one test, the estimated average oil thickness for
the oil dlicks were very close to the 1 mm design thickness. Only test 2, that used light Northstar
crude, had a significantly different thickness of about 0.75 mm.

It was clear from visual observations which tests resulted in significant dispersion of oil and
which did not. Additional efforts were also undertaken to characterize the dispersion in each test.
A quantitative estimate of the amount of oil dispersed was made by comparing the oil collected
from the surface at the end of the test to the amount initially spilled. In-water oil concentrations
were measured using two flow-through fluorometers and the analysis of oil content from water
samples taken during each test. The oil droplet size distributions were also measured during each

test. Discussions of these efforts and the results are provided below.
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Table 3. Cold Water Dispersant Effectiveness Test Results Summary

% |AveragelAveragel Oil | Approx. % Oil Max. Links
oil Evap.| Air | Water |Volume| Oil DOR Recovered | Dispersant to Video Test
By | Temp | Temp |Spilled|Thickness from |Effectiveness Segments #
Weight| °C °C | (liters)| (mm) Surface (%)
ANS 17 -3.1 -0.6 107 0.92 24 15 85 1R1.mpg, 2R1.mpg, 3R1L.mpg | 1
1R9.mpg, 2R9.mpg, 3R9.mMpg,
ANS 17 -1.7 -0.4 | 1001 0.97 25 14 86 4R9.mpg. 5R9.mng. 6R9.MDg 9
) 1R8.mpg, 2R8.mpg, 3R8.mpqg,
Endicott| O 2.1 -0.4 113 11 31 26 74 4R8.mpg, 5R8.Mpg. 6RE.MDy 8
) 1R14.mpg, 2R14.mpqg,
Endicott| 11 -1.9 -0.6 94 0.91 22 97 3 3R14.mpg. 4R14.mpa 14
Northstar] 0 -4.4 -0.4 78 0.75 18 0 ~100 1R2.mpg, 2R2.mpg, 3R2.mpg | 2
Northstarl 29 | -7.4 | -07 | 105 | 11 | 19 92 8 1R10.mpg. 2R10.mpd, 10
3R10.mpg
1R11.mpg, 2R11.mpg,
MGS 0 -6.1 -0.5 98 0.95 24 18 82 3R11.mpg, 4R11.mpg, 11
5R11.mpg
MGS | 20 | 53 | -11 | 105 | 090 |27 | 20 go  [LR3MPg 2R3mog SR3Mpg,| 5
4R3.mpg, 5R3.mpg
Pt 1R12.mpg, 2R12.mpg,
Mcl ni rel 0 -5.6 -0.5 103 1.0 29 23 77 3R12.mpg, 4R12.mpg, 12
Y 5R12.mpg, 6R12.mpg
Control
Tests
ANS | 0 | 43 | <10 | 9% | 093 | 0| 69 . 1R4.mpg, ZR4.Mpg, SRAMPY, |
4R4.mpg
1R7.mpg, 2R7.mpg, 3R7.mpqg,
ANS 0 -1.4 -0.9 108 11 0 97 - 4R7.mpg, 5R7.Mpg 7
] 1R6.mpg, 2R6.mpg, 3R6.mpg,
Endicott| O 2.8 -1.0 103 1.0 0 84 - 4R6.mpg, 5RE.MDY 6
Northstar], 0 -3.6 -1.8 103 1.0 0 93 - 1R5.mpg, 2R5.mpg 5
Pt 1R13.mpg, 2R13.mpqg,
: 0 -3.7 -0.8 104 1.0 0 58 3R13.mpg, 4R13.mpg, 13
Mclntyre|
5R13.mpg

& This control test was completed with only a single end containment barrier. All other control tests had a double
boom in place at the north end of the tank to improve oil containment.

4.2.1 Oil Residue Volumes and Properties

For those tests where quantities allowed (all but test #2), the crude oil remaining in the

containment boom at the end of the test was collected for volume, water content, and density (of

parent oil, not oil and water mixture) measurement. Table 4 summarizes these data as well as the

initial oil characteristics.

As would be expected, the densities of the crude oils generally increased over the duration of the

tests. Of primary interest is the density of the oils for the control tests and the inefficient

dispersant tests where, in both cases, significant quantities of oil were recovered at the end of the
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test period. This oil was subjected to weathering processes over the full one-hour test period and
therefore would have had an opportunity to lose significant volume through evaporation. The
density measurements have been used, in concert with evaporation-density curves for the ails, to
estimate the likely loss of oil through evaporation for the control and poor dispersion tests. This
has then been added to the estimate of the volume of oil collected on the surface to provide an
approximate accounting of the oil spilled in each test. The same type of calculation cannot be

made for the tests where significant dispersion did occur.

Table 4. Oil Residue Volumes and Properties at End of Tests

PreT il , .
e est.O Post Test Oil Volumes and Properties
Properties
Parent .
: Water . Qil
DErElhy v Content| Vol. : O'I. Estimated | Recovered
. % | @25 Emul. . % Oil |Density o Test
Oil Type . of of Qil Additional +
Evap.| °C | Recovered . Recovered| @ 25 #
3 . Emul. | (liters) . % Evap |Evaporated
(kg/m°)| (liters) % C , %
(kg/m°)
ANS 17 912 31.6 48 16.4 15 922 na 15 1
ANS 17 912 15.5 8 14.3 14 933 na 14 9
Endicott 0 878 314 8 28.9 26 949 na 26 8
Endicott 11 914 107 15 91 97 912 0 97 14
Northstar 0 812 0 - 0 0 - na 0 2
Northstar 29 864 120.7 20 96.6 92 874 6 98 10
MGS 0 856 19 9 15.4 18 899 na 18 11
MGS 20 914 31.4 35 20.4 20 907 na 20 3
Pt.Mcintyre | O 890 25.1 5 23.8 23 932 na 23 12
Control Tests
ANS 0 873 101.5 35 66.0 69 899 12 81 4
ANS 0 873 107.7 2.8 104.6 97 882 5 102 7
Endicott 0 878 140.5 38 87.1 84 903 4 88 6
Northstar 0 812 159.5 40 95.7 93 861 27 120 5
Pt. Mcintyre | O 890 65.2 7.2 60.5 58 918 20 78 13

na— not known as considerable quantities of fresh oil dispersed early in the test.

In test 14 (11% weathered Endicott), the oil density remained virtually constant over the test
period (913 kg/m® and 914 kg/m®) indicating that the pre-evaporated oil did not evaporate further
during the test. About 97% of the spilled oil was recovered from the surface at the end of the test.

The density of the recovered oil for test #10 (29% weathered Northstar) indicates that the oil
evaporated an additional 6% from its start point. A total of 98% of the oil in thistest is accounted

for through collection of residue and evaporation estimates.

18



In the first ANS crude ail control test (#4), the density increased from a fresh oil value of 873
kg/m® to 899 kg/m°. This would suggest that about 12% of the oil was lost through evaporation
over the test period. Over 80% of the spilled oil in this test can be accounted for by adding the
evaporated amount to the amount of oil recovered (12% + 69%). In the second ANS control test
(#7), the density of the collected oil (882 kg/m®) indicates an evaporative loss of about 5%. The
total volume of emulsion collected and the measured water content of the emulsion accounts for
97% of the ail spilled. Slightly over 100% of the oil (102%) of the oil is “accounted for” when

these two numbers are summed.

In the Endicott control test (#6), the density increased from 883 kg/m® to 903 kg/m?®, suggesting
an evaporative loss of about 4%. When this is added to the estimate of the collected oil 88% of
the total quantity of the spilled ail is accounted for.

The oil residue data collected for the Northstar control test (#5) are problematic. The volume of
emulsion collected and water content measurement suggests that 93% of the spilled oil was
collected at the end of the test. However, the 861 kg/m® density recorded for the collected oil
from this test would suggest that the Northstar oil evaporated by about 27%. This is based on the
extrapolation of the available evaporation/density curve for Northstar. It would appear that the
estimate of collected oil volume is high for this test since significant evaporation (20 to 30%)

would be expected for thisrelatively light oil.

The density for the Pt. Mclntyre control test (#13) increased from 890 to 918 kg/m?®, suggesting
approximately 20% loss due to evaporation. About 60 % of the oil was recovered from the

surface at the end of the test resulting in an accounting for about 80% of the spilled ail.
When the collected oil amounts and evaporation estimates are combined a mass baance

accuracy of approximately +20% was achieved in the control and ineffective dispersant tests
(tests 4, 5, 6,7,10, 13, 14).
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4.2.2 Dispersant Effectiveness Estimates

A numerical estimate of the dispersant effectiveness (DE) was made for all tests. After each test
the oil remaining in the containment area was collected and its volume determined. The collected
volume was compared to the quantity of oil discharged in the test to determine the maximum
possible dispersion efficiency (DE) of the test. Loss of oil through evaporation was not
accounted for when determining the maximum DE values. In the chemically treated tests the oil
disperses within about 10 minutes after the application of dispersants and wave energy. Only a
small amount of oil could evaporate during this short time frame, especially for the oils that were
pre-evaporated prior to the test. The maximum DE values for the test conditions studied are

reported in Table 3. Effectiveness values ranging from 3 to 100% were recorded.

With the exception of tests 10 (evaporated Northstar) and 14 (evaporated Endicott), al of the
chemically dispersed tests resulted in high percentages (75 to ~100%) of oil dispersing into the
water column. The effectiveness trends identified in the smaller scale testing were mirrored in
the large-scale test results. The heavily evaporated Northstar crude and evaporated Endicott
crude were resistant to chemical dispersion in both the small-scale and Ohmsett tests. A higher
percentage of the fresh Endicott crude oil was dispersed in the Ohmsett tests when compared to
the small-scale results (74% vs 20 to 30%). This may be due to additional mixing energy in the
Ohmsett tests, in the form of breaking waves that do not develop in the small tank tests.

Only test 2 (fresh Northstar) yielded dispersant effectiveness estimates above 90%. The initia
Northstar crude oil slick was thinner (due to lighter oil characteristics and spreading tendency)
than the other oils and thus received a somewhat higher estimated dispersant dosage. The lighter
oil characteristics and higher dispersant dosage may account for the complete dispersion and the
absence of visible oil on the water surface at the end of this test.

The significant dispersion present in many of the tests was observed by those who attended the

tests and is extensively documented in the video clips provided for each of the tests. These can
be viewed by clicking on the hot linksin Table 3.
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4.2.3 Control Test Results

The percentages of oil recovered from the surface at the end of each control test (no dispersant
applied) are presented at the bottom of Table 4. A small, undetermined amount of oil splashed
over the north-end containment boom in the first control test (#4). No oil loss over the end
containment was seen in the first three dispersant applied tests (tests #1, #2 & #3) as most of the
oil dispersed within minutes of the application of dispersant. After test #4, a second end barrier
was installed approximately ten feet south and parallel to the original barrier. It was hoped that
this boom would dampen the occasiona waves that were splashing oil over the north
containment zone and provide a secondary collection area, between the two end booms, for any
oil that was splashed over the interior boom. The addition of the second boom appeared to
provide the desired result, as loss of oil over the second boom was not observed in the remaining
tests.

Between 78 to 120% of the oil discharged in the control tests was either recovered from the
surface at the end of the test or accounted for by evaporation estimates. The “over-accounting” of
oil for test #5 is likely due to errors in estimating the volume of collected oil, possibly due to
poor decanting or an unrepresentative sample used in the water content determination. The

evaporation estimate for test #5 seems reasonable for this light oil.

While the control tests did not provide a perfect accounting of the oil released in each test, the
results indicate that the test set up and procedure consistently accounts for at least 80% of the
released oil. For the chemically treated spills where the dispersant was seen to be effective,
between 74 to 100% of the released oil was not recovered at the end of the test. Even if 20% of
this oil loss were deemed attributable to experimental error (poor control etc) the dispersant
would still have been between 54 and 80% effectivein all but the heavily weathered oil tests.

4.2.4 Dispersed Oil Concentration Measurements

Water samples were pumped from one and two meter depths for hydrocarbon concentration

measurement. Continuous, flow-through fluorometer measurements and dispersed oil particle
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size distributions aso were measured in al tests. The results of these activities assist in
confirming the presence or absence of dispersed oil in the water column during each test and

help to characterize the dispersed oil.

The raw fluorescence data collected by the Turner fluorometers for each test were first adjusted
based on the calibration curve developed for the oil used in the testing. (The ability to properly
calibrate the flourometers to measure absolute concentrations of oil droplets in the water is
discussed below.) The data for each run was then normalized such that the lowest concentration
value recorded (background) was subtracted from the remaining reading. The fluorometer
concentrations presented in this report are relative to the background concentration and to
standards prepared with unknown oil drop size distributions. For most tests (Runs 5 through 14)
the 1 and 2-meter deep fluorometers were operated during the oil discharge and on two or three
other passes through the containment zone at approximately 10 to 15 minute intervals. Less data
was collected for runs 1 through 3 because only one fluorometer was in operation during these
tests. The oil concentration data from all runs has been plotted as a function of the approximate
distance from the north containment boom. The oil slick and dispersed oil cloud generally moved
from the south to the north during the test duration. These oil concentration plots are provided in

Appendix E and can be accessed through the hyperlinks provided in Table 5.

A genera trend is evident in all of these plots. The oil concentration measurements taken at the
one meter depth were the highest measured and the most variable, especialy on the first pass.
The concentrations at 1-meter depth tended to drop and stabilize on subsequent passes,
presumably due to the diffusion of the dispersed oil cloud and/or therise of larger oil drops to the
surface. The concentrations measured at the 2-meter depth were generally lowest on the initia
pass and often increased on subsequent passes. These results suggest an initial dispersion of oil

in the upper water layer with agradual diffusion of the cloud to depth.

Columns 7 and 9 in Table 5 show the maximum oil concentration measured by the fluorometers
in each of the runs. These highest concentrations were generally recorded at the 1-meter level on
the first pass of the fluorometers following the oil discharge. The first pass following the ail
discharge occurred about 15 minutes after the onset of wave action. In the tests where the DE

was high (>70%) the oil concentrations measured were also high (20 to 300 ppm above
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background levels). In test 10 where the DE was low (8%), the maximum oil concentrations
measured were 4 ppm at the 1-meter level and only 0.5 ppm at the 2-meter level. These low
concentration values are consistent with the control run measurements shown at the bottom of
Table 5. The results of test 14, the other poor dispersion test (only 3% DE), are puzzling. The
fluorometers detected significant amounts of oil at both the 1 and 2-meter depths over the course

of the test even though a poor overall dispersion was recorded.

Table 5. Hyperlinks to Fluorometry Data Plots

% Qil M aximum? M aximum®
. Evap. | Volume iy Conc. At1m 27 5 Conc. At 2m| Test
Oil . DOR | Fluorometry Fluorometry
By Spilled Links Depth Links Depth #
Weight | (liters) (ppmv) (ppmv)
ANS 17 107 24 Not recorded - Runl-2m 304 1
ANS 17 101 25 run9-1m 55 run9-2m 8 9
Endicott 0 113 31 run8-1m 38 run 8 - 2m 12 8
Endicott 11 94 22 runl4-1m 45 runl4-2m 6 14
Northstar 0 78 18 |run2 -1&2m 65 run2 -1&2m 45 2
Northstar 29 105 19 run10- 1m 4 run 10 - 2m 0.5 10
MGS 0 98 24 runll-1m 45 runll-2m 14 11
MGS 20 105 27 run3-1m 18 Not recorded - 3
Pt. Mcintyre 0 103 29 run12 - 1m 35 run 12 - 2m 13 12
Control Tests
ANS 0 96 0 run4-1m 9 run4-2m 0.8 4
ANS 0 108 0 run7-1m 0.9 run7-2m 0.5 7
Endicott 0 103 0 run6-1m 0.8 run 6 - 2m 0.2 6
Northstar 0 103 0 run5-1m 2.5 run5 - 2m 25 5
Pt. Mclntyre 0 104 0 run13-1m 1.8 run13-2m 3.2 13

1 Concentrations reported here are likely low by afactor of 3 to 4 based on IR analysis of water grab samples.

Water samples were also taken during the tests as backup and verification of the fluorometer
measurements. The fluorometer reading was recorded just prior to taking the water samples that
were taken from the same flow lines that fed the fluorometers. The concentration of oil in each
water sample was determined using extraction and IR spectrophotometry. Comparisons of the oil
concentration measurements by fluorometry and by IR analysis are shown in Table 6 and Figure
11. As seen in Table 6, the concentration results from the water sample analyses do not closely
match the fluorometer results. When the two data sets are linearly correlated (see Figure 11) it is
evident that the concentration estimates by the fluorometer are about 4 to 5 times lower than the
IR determined values. While there is considerable scatter in the data, especially for the 1 m
depth, it is fairly obvious that the fluorometers show consistently lower concentrations than the

IR analysis. A similar discrepancy between fluorometer readings and TPH concentration from IR
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analyses of water samples was reported in a Dutch field trial (Delvigne 1983). In the Dutch field
trial, fluorometry readings ranged from 0.1 to 2 ppm while TPH by IR analyses ranged from 1 to
100 ppm. One possible explanation for this discrepancy might be the way the calibration curveis
established for the fluorometer. If the drop size distribution in the calibration standard is much
finer than the oil drop distribution found in the field then the fluorometer could read higher
fluorescence in the standard than for asimilar oil concentration (but with larger drop sizes) in the
field. Subsequent estimates of concentration in the field setting would then be lower than that
identified with the calibration curve. Oil concentration measurements using solvent extraction
and IR analysis would not be affected by the oil drop size distribution in the sample. It is quite
likely that the oil concentration plots of Appendix E show concentrations that are consistently
lower than the actual oil concentration in the water. However, the fluorometer readings reported
and the plots in Appendix E do provide valid records of the relative amounts of oil in the water

column both spatially within the tank and over time.

Table 6: Comparison of TPH by IR Spectrophotometry vs Fluorometry

% M ax. One Meter Depth Two Meter Depth
oil | FYaP-| PN TR by [Oil Concentration) TPH by | Oil Concentration by | |
y |Effectiveness #
Weight (%) IR Spec. | by Fluorometry | IR Spec. Fluorometry
(Ppm) (Ppm) (Ppm) (Pppm)
Pre-Test - - 4.1 15
ANS 17 85 - - - - 1
ANS 17 86 79.5 15 55.0 12 9
Endicott 0 74 72.7 11.7 31.9 7.0 8
Endicott 11 3 72.8 245 21.2 4.9 14
Northstar 0 ~100 - - - - 2
Northstar 29 8 15.6 7.3 11.0 0.4 10
MGS 0 82 21.8 13 10.2 2.5 11
MGS 20 80 - - - - 3
Pt. Mcintyre| O 77 78.0 21 64.6 55 12
Control % Oil
Tests Recovered
ANS 0 69 10.9 4.5 7.3 0.0 4
ANS 0 97 23.8 0.1 6.2 0.01 7
Endicott 0 84 2.4 0.4 2.7 0.0 6
Northstar 0 93 6.7 0.0 7.9 0.0 5
Pt. Mcintyre| O 58 8.4 12 9.2 11 13

Note: valid water samples were not collected for runs 1 through 3.
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Figure 11. Comparison of Oil-in-Water Concentration Measurements

Increased fluorescence with a decrease in drop size may have been demonstrated in a series of
tests completed by Environment Canada (Lambert 2001). In these tests dispersed oil and water
containing dispersant was re-circulated by pump from a reservoir through a fluorometer over a
period of severa hours. The fluorescence increased by a factor of between 3 to 4.5 in these tests
with no change in oil quantity in the closed system. One possible explanation for the increase in
fluorescence, with the same total quantity of oil, is that the oil drops were sheared by the
pumping process to smaller and smaller diameters thus increasing the effective surface area that
could fluoresce (Lambert 2003, pers comm). Drop sizes were not measure so this cannot be
confirmed.

4.2.5 Oil Drop Size Distributions

Particle size distributions were collected during the runs, using the Lisst particle size analyzer
discussed earlier. Interpretation of the results was complicated by the presence of background
particles of oil from earlier tests, sediments from the tank bottom and other materials that may

have entered the water through the air or other means. Initial readings in the tank prior to any
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addition of ail or tank agitation indicated that there was some materia in the tank with a mean
diameter of about 300 microns. We have speculated that this background is due to a spore from
the marsh grasses that are extensive next to the Ohmsett facility. The particle size distribution
detected in these background measurements can be seen by accessing the following link

(background contaminant particle distribution). Further complicating the interpretation of the drop size data

is the fact that this specific background signature did not persist during the test period. This
seems to indicate that the material was removed from the tank during the initial dispersion tests,
possibly by adhesion to dispersed oil drops that then rose to the surface when the wave energy
was stopped.

To account for background contaminants in the water prior to each test, the particle size data
collected for each test was processed, as follows. A number of representative background
particle size distributions (20 to 30 samples) were selected from the beginning of each dataset.
The selected distributions were averaged for each drop size range captured by the LISST system.
The average values from each concentration range was then subtracted from the remaining
particle size distributions collected in the run to remove the background signal from the data. The
adjusted data sets that contained significant quantities of oil particles (concentrations identified
by the LISST device to be significantly above the background signal) were then analyzed to
determine an average value for the volume percent of particles less than 75 microns in diameter,
less than 100 microns in diameter, less than 200 microns in diameter and greater than 200

micronsin diameter. Thisdatais provided in Table 7.

The drop diameter cutoffs in Table 7 (75 and 100 microns) were selected because other
researchers have specified these values as the maximum drop size that could be considered
permanently dispersed in an ocean environment (75 micron, Lunel 1993 and 100 micron, Neff
1990). In the dispersant cases, 58 to 86% (average of all tests was 78%) of the oil was present in
drops less than 100 microns in diameter. Approximately 70% (average) of the oil was in drops of

75 microns or less.

The average amount of oil in the control tests in drops less than 100 microns in diameter was

about 32%. The volume percent of oil in drops less than 75 microns in diameter was about 24%.
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Table 7. Drop Size Distribution Analysis (data recorded at 2 meter depth)

% OQil Max. Average Particle Diameter Statistics
Qil Test|Recovered|Dispersant (Volume % in Diameter Range)

# From Effect. |Volume %|Volume %]|V olume %|V olume %

Surface (%) <75um | <100pm | <200pum | > 200pm
Evaporated ANS | 1 15 85 70 81 92 8
Evaporated ANS | 9 16 86 81 86 91 9
Fresh Endicott 8 36 74 54 58 62 38
Weathered Endicott | 14 97 3 72 82 90 10
Fresh Northstar 2 0 ~100 70 81 93 7
Evaporated Northstar| 10 92 8 65 73 83 17
Fresh MGS 11 18 82 75 81 87 13
Evaporated MGS | 3 20 80 62 78 91 9
Fresh Pt. Mclntyre | 12 23 77 79 86 91 9

Control Tests

Fresh ANS 4 69 - 49 57 64 34
Fresh ANS 7 97 - <1 <2 6 94
Fresh Endicott 6 84 - 12 17 33 67
Fresh Northstar 5 93 - 32 46 74 26
Fresh Pt. MclIntyre | 13 58 - 27 39 58 42

The drop size distributions measured for the dispersant tests revealed a higher percentage of ail
in the smaller drop ranges when compared to the control tests. This would be expected since the
role of surfactants in chemical dispersants is to reduce the oil/water interfacial tension and
promote the formation of smaller droplets of oil under a given mixing energy. The measured
drop size distributions also suggest that a high percentage (70 to 80% minimum) of the oil mixed
into the tank in the dispersant applied cases would remain dispersed under typical ocean mixing

conditions.

The results from test 14 indicate a low dispersant effectiveness but a high percentage of the
measured oil in the form of small drops. This may be due to a small amount of oil being affected

by the dispersant and subsequently being detected by the LISST sensor.

All of the particle size distributions collected during the test program have been provided with
the CD version of this report along with a copy of the software needed to view the distributions.
These files can be found in the LISST directory on the CD. Run the Lisst.exe program and select

the “Open Particle Distribution File” menu item in the main File option of the program menu.

27



Select one of the *.psd files to view the measured particle distributions. The *.asc files provided
in the LISST directory are ASCII file formats of the same data in the raw data format described
in the List Spedifications in Appendix C.

4.2.6 Environmental Conditions

The Ohmsett tank water temperature stayed between —-0.4 to —1.8 °C throughout all of the
experiments without the need to use artificia chilling. This was due to the unusually cold
weather experienced during the test period. Air temperatures ranged from 2.8 to —7.4 °C.
Detailed weather data sheets, daily test logs and bridge operator logs can be found in MAR Inc.’s
test data binder prepared for the project.

Wave amplitude and period measurements were made during each test. Considerable noise is
present in this data so short sections of the records were analyzed for average wave amplitude
and period and the results are shown in Table 8. The average wave amplitude for the tests ranged

between 5.9 and 8.6 inches and the average period was between 1.8 and 2.2 seconds.

Table 8: Measured Average Wave Amplitudes and Periods

M easured Wave Characteristics: Cold Water Tests
Test . . -
| dentifier Amplitude (inches) Period (s)
Average Std Dev Average Std Dev
1 5.9 3.0 2.1 0.33
2 8.6 3.0 2.1 0.23
3 6.6 3.3 2.0 0.25
4 6.4 3.1 2.1 0.22
5 7.6 3.1 2.2 0.23
6 7.2 2.9 2.0 0.21
7 7.4 3.4 2.1 0.23
8 7.6 2.6 2.2 0.21
9 7.0 3.7 2.1 0.27
10 7.8 3.6 2.2 0.21
11 8.3 1.9 1.8 014
12 7.5 3.3 2.1 0.15
13 7.5 3.7 2.1 0.22
14 6.5 2.7 2.1 0.23
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5. Summary of Experimental Results

Preliminary experiments completed in a small wave tank demonstrated that Corexit 9500 and
Corexit 9527 give similar dispersion effectiveness on all of the crude oils tested. This led to the
use of only Corexit 9527 for the large tank tests at Ohmsett. Corexit 9527 was selected because it
is the primary dispersant currently stockpiled in Alaska. The small-scale experiments also
provided an indication of the Dispersant-to-Oil Ratios (DORSs) needed to effect dispersion for
each of the oil types at the low test temperatures (~0°C). The DORs ranged from lows of 1:50 to
as high as 1:10 for the heavier and evaporated oils.

In the large-scale tests in the Ohmsett facility it was clear from visua observations which
experiments resulted in a significant dispersion of oil and which did not. Verification of thiswas
accomplished using several methods. A numerical estimate of the dispersant effectiveness (DE)
was made for all tests. After each test the oil remaining in the containment area was collected
and its volume determined. The collected volume was compared to the quantity of oil discharged
in the test to determine the maximum possible dispersion efficiency (DE) of the test. In-water oil
concentration measurements were made using two flow-through fluorometers and analysis of
water samples using IR spectrophotometry. Oil drop size distributions were also recorded using a

laser particle size analyzer.

The chemically dispersed runs resulted in high percentages (75 to ~100%) of oil dispersing into
the water column, with the exception of tests 10 (evaporated Northstar) and 14 (evaporated
Endicott). The DE trends identified in the smaller scale testing were mirrored in the large-scale
test results. The heavily evaporated Northstar and evaporated Endicott crude oils were resistant
to chemica dispersion in both the small-scale and Ohmsett tests. A higher percentage of the
fresh Endicott crude oil was dispersed in the Ohmsett tests when compared to the small-scale
results (74% vs 20 to 30%). This may be due to additional mixing energy present in the Ohmsett
tests, in the form of breaking waves that do not develop in the small tank tests.

Test 2 (fresh Northstar), was the only test where no visible oil was present on the surface at the
end of the test. The initial Northstar crude oil slick was thinner (due to lighter oil characteristics

and faster spreading tendency) than the other oils and thus received a somewhat higher
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dispersant dosage. The lighter oil characteristics and higher dispersant dosage may account for

the compl ete dispersion and the absence of visible oil on the water surface at the end of thistest.

The oil concentration measurements taken at the one meter depth were the largest measured and
the most variable in al of the tests, especially on the first pass. The concentrations at 1-meter
depth tended to drop and stabilize on subsequent passes, presumably due to the diffusion of the
dispersed ail cloud and/or the rise of larger oil drops to the surface. The concentrations measured
at the 2-meter depth were generally lowest on the initial pass and often increased on subsequent
passes. These results suggest an initial dispersion of oil in the upper water layer with a gradual
diffusion of the cloud to depth. It was found that the oil concentration estimates made using the
flow-through fluorometers were generaly 4 to 5 times lower than the concentration estimates
made using IR spectrophotometry. However, the relative concentrations measured with the
fluorometers did provide a relative picture of the change in oil concentration over time and

space.

Particulate matter in the water column was measured at the 2-meter depth using a laser particle
size analyzer. The data was adjusted to account for the presence of background particles prior to
each test. The adjusted data sets that contained significant quantities of oil particles
(concentrations significantly above the background signal) were then analyzed to determine an
average value for the volume percent of particles less than 75 microns in diameter, less than 100
microns in diameter and greater than 200 microns in diameter. Previous research has suggested
that oil drops less than 75 to 100 microns in diameter will be permanently dispersed in an ocean
environment. The drop size distributions measured for the dispersant tests revealed a higher
percentage of oil in the smaller drop ranges when compared to the control tests, as would be
expected. In the dispersant applied cases, 58 to 86% (average of all tests was 78%) of the oil was
present in drops less than 100 microns in diameter. Approximately 70% of the oil was in drops of
75 microns or less. The average amount of oil in the control tests in drops less than 100 microns
in diameter was about 32%. The volume percent of oil in drops less than 75 microns in diameter
was about 24% for the control tests. The measured drop size distributions also suggest that a high
percentage (70 to 80% minimum) of the oil mixed into the tank in the dispersant applied cases

would remain dispersed under typical ocean mixing conditions.
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The oil remaining in the containment boom at the end of each control test was collected and the
total volume, water content and density (of parent oil not oil and water mixture) of the collected
emulsions were measured. The parent oil density data were used to estimate the amount of oil
that evaporated over the duration of each control test.

A small, undetermined amount of oil splashed over the north-end containment boom in the first
control test (test #4). After this test, a second end barrier was installed approximately ten feet
south and parallel to the original barrier to improve the oil containment. Loss of oil outside of the
second containment barrier was not observed in any of the subsequent tests. Between 80 to 120%
of the oil discharged in the control tests was recovered or accounted for through evaporation
losses at the end of the test periods. The in-water oil concentration measurements from the
fluorometers for al of the control tests aso did not show any significant quantities of oil in the

water column in these tests.

The water temperature during each test was constant and the average water temperatures for the
14 experiments ranged between —0.4 to —-1.8 °C. The Ohmsett tank water remained cold
throughout all of the testing without the need to use artificial chilling. This was due to the
unusually cold weather experienced during the test period. Air temperatures ranged from 2.8 to —
7.4 °C. The average wave amplitude for the tests ranged between 5.9 and 8.6 inches and the
average period was between 1.8 and 2.2 seconds.
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6. Recommendations

A double north-end containment boom should be used in all future tests to €liminate the loss of

surface oil from the containment area by splash over.

The air-actuated valves used to start and stop the oil flow through the discharge piping should be
serviced prior to any additional cold-water dispersant effectiveness testing. These valves mal-

functioned in the cold weather experienced during the test period.

The effect of oil drop size on the measurement of the fluorescence of oil-in-water dispersions,
using the Turner Fluorometers, should be investigated if direct, absolute oil concentration
measurements are of interest. Oil-in-water dispersions, used to establish calibration standards for
these fluorometers, may require similar oil drop size distributions as would be present in the
tank, to enable the devices to accurately measure absolute in-water oil concentrations.
Alternatively, the results from the fluorometers should be adjusted based on the results of IR-
Spectophotometry measurements of water grab samples taken in conjunction with the

fluorometry readings.
The use of continuous flow through fluorometry to monitor in-water oil concentrations and in

situ laser particle size measurement provided valuable insight into the dispersion process and

could be used in future dispersant effectiveness tests when budgets permit.
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8. Appendix A. SL Ross Dispersant Effectiveness Test Method

8.1 Objective

The objective of the work is to conduct dispersant effectiveness tests with selected crude oils
using alarge test tank at the SL Ross Laboratory.

Work Statement
The following test parameters or conditions are generally used in the testing.
Test Conditions

Oil thickness— one thickness: 3mm

Energy level— non-breaking waves with 15 cm amplitude and 1.5 second period

Oil type— as determined by client

Oil weathered state— fresh oil and weathered oil as required by client

Dispersant type— as specified by client

Dispersant to Oil Ratio (DOR)— determined by preliminary tests involving oil samples
pre-mixed with dispersant to determine the minimum DOR needed to achieve 100%
dispersion at above energy level

7. Temperature— 0°C to 30 °C; asrequired

Sk~ wdhE

8.2 Test Procedure
The SL Ross test tank and the procedure used for dispersant testing is detailed below.

8.2.1 Test Tank

The test involves the SL Ross indoor wave tank. Using thisrelatively large tank allows the use of
full-scale spray nozzles for dispersant application. The test tank is 10 meters long by 1.2 meters
wide by 1.2 meters deep and is fitted with a wave generating paddle at one end and a wave
dissipating beach at the other. Tests usually involve filling the tank with 32 ppt salt water to a
depth of 85 cm. Two 12 volt, sealed beam, automotive headlights are mounted at the bottom of
the tank and their beams directed up to the water surface to improve the visibility of the surface
oil slicks. A photo of the test tank is shown in Figure 1.



Figure 1. Test Tank

8.2.2 Oil Containment

Oil isheld in a 1.0 m by 0.75 m rectangular area in the middle of the tank using an air bubble
curtain constructed from %2 inch copper pipe, as seen elevated above the water surface in Figure
2. Therising air bubbles from this submerged diffuser system entrain water as they rise which in
turn creates an inflow of water at the surface above the rectangular barrier. This inflow herds the
oil to the center of the area above the rectangular diffuser. The oil remains within this
confinement zone even when waves are introduced.
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Figure 2: Air Bubble Barrier Piping

8.2.3 Dispersant Application System

Dispersant is applied using an overhead spray boom mounted to the ceiling above the center of
the test tank. Over-spray from the boom is collected by plastic sheeting that extended from the
ceiling to short lengths of eaves trough that were suspended just below the arc of the spray
nozzles. The boom is counter-weighted and powered using a rope and pulley system. On the end
of one rope is a weight that holds the boom in its start position. The other rope is attached to a
“take-up” spool driven by a variable speed electric motor and clutch mechanism. The motor
speed is set to achieve the required boom speed and allowed to run up to speed. Then, the clutch
is engaged to pull the boom through its arc over the center of the tank to apply the dispersant.
The overhead boom, plastic sheeting and rope-pulley system are shown in Figure 3.
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Figure 3. Dispersant Spray Boom

The dispersant is applied through Spraying System Company flat-fan nozzles. These are the
same type of nozzles used in full-scale, vessel-based dispersant application systems. The
dispersant is held in a small stainless steel pressure vessel connected to another tank that is
charged with air to the pressure required for the spray application (40 to 80 psi). An electrically
controlled valve is mounted at the outlet of the dispersant supply tank to start and stop the
dispersant supply to the spray nozzles. A photo of the dispersant delivery system is shown in
Figure 4. The spray is turned on and alowed to stabilize for a few seconds and then the boom
take-up spool is started to cause the boom, and spray nozzles, to pass over the test slick. The
spray nozzles release the dispersant from a height of about 1.8 meters above the oil dick. The
plastic sheeting and eaves trough capture the excess spray at either end of the boom travel to
minimize dispersant over-spray.

An estimate of the spray boom speed needed to achieve proper slick dosing for a given oil
thickness, design dosage, nozzle type and flow pressure is made prior to each test. These
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approximate speed estimates are adjusted on the basis of the results of the “cookie tray”
measurements (see below), to achieve the proper final spray quantity.

Figure 4. Dispersant Spray Pressure Tanks and Valve

The amount of dispersant applied per unit area of surface is measured for each test by collecting
the spray in a “cookie’ tray suspended just above the water surface at one edge of the ail
containment zone as seen in Figure 5. The tray is weighed before and immediately after the
application to determine the quantity of dispersant applied.
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Figure 5. Dispersant Measuring Tray

8.2.4 Preliminary Test System “Calibration”

Appropriate dispersant dosages for the dispersants being tested are determined prior to the start
of the spray application tests. Small volumes of the oil to be tested are pre-mixed with various
guantities of dispersant to identify suitable dispersant dosages. These samples are placed in the
test tank and the resulting dispersion efficiencies observed when subjected to wave energy. From
past experience it is known that the amount of dispersant required to achieve full dispersion
when pre-mixed with oil is usualy much less than the recommended field dosage. For this
reason dosages of 1:50, 1:75 and 1:100 are generally used in this assessment. Visual observations
are used to identify the minimum dispersant dosage required to achieve full dispersion. This
minimum dosage becomes the starting point for the spray application tests.

The system powering the spray boom’s movement is also calibrated prior to starting the final test
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matrix. The variable speed motor is run at different speeds and the boom’s speed calculated for
each setting. This then alows an estimate of the motor’s speed setting to be made for each test,
given the oil thickness being treated, the dispersant amount required, and the flow rate of the
nozzles being used in the testing.

The final estimate of dispersant effectiveness for each test is made by sorbing the oil l€eft in the
containment area at the end of the test and comparing the amount sorbed with the amount used in
the test. To remove water sorbed with the oil the sorbents are left to drip-dry overnight and
weighed the next day. To correct for evaporation loss, both during the time the oil is on the water
surface and while drying overnight, a quantity of oil (about 1.0 liter) is placed on the tank in the
containment area and allowed to “weather” for 30 minutes (duration of all tests). Thisoil is then
sorbed from the surface and allowed to drip-dry. The weight of the sorbents and oil is measured
after 24 hours to determine the approximate amount of oil loss through evaporation when this
test protocol isfollowed.

8.2.5 Test Method

The key elements of the test method or procedures can be summarized as follows.

5. The dispersant spray apparatus are prepared by fitting the appropriate nozzles to the spray
boom, putting the selected dispersant in the application pressure vessel, adjusting the air
pressure used to drive the dispersant boom and setting the boom drive motor to the
appropriate speed.

6. The underwater lights, dispersant measurement tray, video camera and air bubble barrier
are started or put in place.

7. The ail is placed within the containment zone, the dispersant applied, the dispersant
measurement tray removed and weighed and the wave paddle started.

8. After 30 minutes the wave paddie is stopped and the oil remaining in the containment
zone is sorbed to estimate the dispersion efficiency.
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9. Appendix B. Turner Designs Fluorometer Specifications
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10. Appendix C. LISST 100 Specifications

Technical Specifications

Parameters measured/derived
Particle Size distribution
Total Volume Concentration
Optical Transmission
Depth
Temperature
An external analog input (0-5V)
Two external digital I/O ports (5V logic)
Optical path length: 5 cm standard, 2.5 ¢cm optional
Optical transmission: 12 bit resolution
Particle size range: Type B: 1.25 - 250 micron diameter, Type C: 2.5 —500 micron
Resolution: 32 size classes, log-spaced
Data storage memory: 512K (6500 samples) expandable to 2 MB (26,000 samples)
Maximum sample speed: 1 size distributions per second (standard)
Temperature-sensor range: -10 to 45°C resolution: 0.01°C
Depth Sensor range: 0 to 300 m of H,O, resolution: 8 cm of H,O
Dimensions: 13 cm (5") dia x 81 cm (32")
Weight in air: 12 Kg (25 Ib)
Weight in water: 4 Kg (8.5 Ib)
Depth rating: 300 m (standard)
Connector Endcap screws: Socket head cap screws #8-32  3/4” long
Endcap O-ring: Parker Part # 2-244
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Size Ranges

Size Ranges, Angles of Observation and Data Storage Format

There are 32 size ranges logarithmically placed from 1.25 - 250
microns in diameter, or 2.5 - 500 microns (the upper size in

each bin is 1.180 times the lower).
The table below shows the median size of each size class. For
clarity the table is shown with multiple rows. In the output data

file the data for each size class is oriented in one row from small
to large.

Type B Instruments - 1.25 to 250 micron size range

1.36 1.60 1.89 2.23 2.63 3.11 3.67 4.33
5.11 6.03 7.11 8.39 9.90 11.7 13.8 16.3
19.2 22.7 26.7 31.6 37.2 44.0 51.9 61.2
72.2 85.2 101 119 140 165 195 230
Type C Instruments - 2.50 to 500 micron size range
2.73 3.22 3.80 4.48 5.29 6.24 7.36 8.69
10.2 12.1 14.3 16.8 19.9 23.5 27.7 32.7
38.5 45.5 53.7 63.3 74.7 88.2 104 128
157 186 219 259 293 332 391 462
Angles The median angles (in Degrees) for the VSF measurement are
shown in the table below.
Type B Instruments - 1.25 to 250 micron size range
0.106 0.125 0.148 0.174 0.206 0.243 0.287 0.338
0.40 0.47 0.56 0.66 0.77 0.91 1.08 1.27
1.50 1.77 2.09 2.46 2.91 3.43 4.05 4.78
5.64 6.65 7.85 9.26 10.93 12.90 15.22 17.96
Type C Instruments - 2.50 to 500 micron size range
0.053 0.063 0.074 0.087 0.103 0.121 0.143 0.169
0.20 0.24 0.28 0.33 0.39 0.46 0.54 0.64
0.75 0.89 1.04 1.23 1.45 1.72 2.02 2.39
2.82 3.33 3.93 4.63 5.47 6.45 7.61 8.98
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Raw Data Storage The values in the raw data file are stored in the order shown in the
Format table below.

Elements Parameter

1:32 Light intensity on detectors 1 through 32

33 Laser transmission Sensor

34 Battery voltage in raw counts

35 External Auxiliary input 1 (0 to 5V = 0 to 4096)
36 Laser Reference sensor

37 Pressure in raw counts

38 Temperature in units of 100ths of degrees C

39 (Day*100 + Hour) at which data taken

40 (Minutes*100 + Seconds) at which data taken

Processed Data  The values in the processed data file are stored in the order shown
Storage Format in the table below. Each sample is stored in one row.

Elements Parameter

1:32 Volume concentration (in ul/l) for size class 1
through 32

33 Laser transmission Sensor
34 Battery voltage in calibrated units
35 External Auxiliary input 1 in calibrated units
36 Laser Reference sensor in calibrated units
37 Pressure in calibrated units
38 Temperature in calibrated units of degrees C
39 (Day*100 + Hour) at which data taken
40 (Minutes*100 + Seconds) at which data taken
41 Computed % Optical transmission over path
42 Computed Beam-C in units of 1/m
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Example Particle Size Distribution of Background Contaminant in Ohmsett Tank Prior to
Dispersant Tests

Laser In-Situ Scattering and Transmissometry (LISST)

Particle Size Distribution Cumulative Concentration 100
ul /1 percent
0 o . 0
2.5 35 500 2.5 35 500
microns microns
Mean: 300.20

| :
Std Dev: 132.88 Sample Number: 60

Total Vol Conc: 13.91
Sequoia Scientific, Inc.

Sequoia Scientific, Inc.

Size Size
Bin Diam Vol. Conc. Bin Diam. Vol. Conc.
01 2.7 0.09 17 38.4 0.05
02 3.2 0.06 18 45.3 0.07
03 3.8 0.03 19 53.5 0.12
04 4.5 0.02 20 63.1 0.19
05 5.3 0.01 21 74.5 0.22
06 6.2 0.02 22 87.9 0.25
07 7.3 0.03 23 103.7 0.30
08 8.7 0.04 24 122 .4 0.28
09 10.2 0.05 25 144 .4 0.26
10 12.1 0.06 26 170.4 0.31
11 14.2 0.06 27 201.1 0.53
12 16.8 0.07 28 237.3 0.91
13 19.8 0.07 29 280.1 1.45
14 23.4 0.06 30 330.5 2.30
15 27.6 0.06 31 350.0 3.52
16 32.5 0.05 32 460.3 2.36
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11. Appendix D. Turner Fluorometer Calibration Curves

Calibrationsfor thefluorometer used in the

11.10ne-meter depth measurements

Actual Conc. (PPMv)

120
100
80
60
40
20

Turner Calibration - 1 m Depth

y = 0.7481x - 5.4645 /

e

e

/ T T

50 100 150

Raw Value

—e—PtMc -F
— Linear (PtMc -F)

Actual Conc. (PPMv)

120
100
80
60
40
20

Turner Calibration - 1 m Depth

y = 0.9943x - 6.4609 w

.4

Ay = 1.019x - 12,607 f

/ T T

50 100

Raw Value

150

——END-F
—=—End-W
——Linear (END - F)
——Linear (End - W)
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Turner Calibration - 1 m Depth

0 50 100 150 200

Raw Value

< 120 Ty =0.3611x - 2.9153
S 100 N
& a0 / / —+_NS-F
; —= NS-W
5 ///(/ / Linear (NS - F)
— | lnear -
© 40 )
T / y = 0.2517x - 0.9719 ——Linear (NS - W)
Z 20
< v
0 T T
0 200 400 600
Raw Value
Turner Calibration - 1 m Depth
120
o~ w0 127 0.7223x - 4.6585 f
1
o 80 / —e—Cook - F
3 / —=—Cook - W
c 60 .
8 / —— Linear (Cook - F)
= 40 .
g o y=08065x -12.903| |——Linear (Cook - W)
5 20
< 0 /
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Actual Conc. (PPMv)

120
100
80
60
40
20

Turner Calibration - 1 m Depth

y = 1.0205x - 17.58 /

/

¢0/y = 1.0135x - 15.541 w

0 50 100

Raw Value

150

——ANS-F
—=ANS - W
— Linear (ANS - F)
——Linear (ANS - W)

11.2 Two-meter depth measurements

Calibrationsfor thefluorometer used in the

Actual Conc. (PPMv)

120
100
80
60
40
20
0

Turner Calibration - 2 m Depth

y = 1.1325x + 1.083?/

e

pd

e

—e— Pt Mc - Fr
Linear (Pt Mc - Fr)

~

0

50

Raw Value

100
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Turner Calibration - 2 m Depth

120
3 y = 1.8818x + 3.2591
E S e
o 30 n r
S yrd —e—End W
S 0 / / —Linear (End Fr)
E = 1.3667x + 0.0142| |——Linear (End -W)
2 20 / y
<

0 T T T T
0 20 40 60 80
Raw Value
Turner Calibration - 2 m Depth

120
S y = 0.6714x + 1.4846
s .
= 100
o g0 ——NS -Fr
S o / / +NS -W
S 40 / /'/ Linear (NS - Fr)
© = - Linear (NS - W
g /7~ v=04023¢-1.2359 ( )
(&)
< é'/

0 100 200 300

Raw Value
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Turner Calibration - 2 m Depth

0

0 20 40 60 80

Raw Value

120
= 100 y = 1.0607x + 2.3895
= ~
& / /
& 80
2 60 // —e— Cook - Fr
<
S 40 / y = 0.9036x - 3.012 | —=— Cook - W
g —— Linear (Cook - Fr)
g 20 ’/./ ——Linear (Cook - W)
< v

0 50 100 150
Raw Value
Turner Calibration - 2 m Depth

= 120 y = 1.7329x + 1.4925
S 100 ~
& 80 / / —e—ANS - Fr
S 60 // —= ANS-W
c
S 4 /‘7 —— Linear (ANS - Fr)
= 4 !
= /i,/ y = 1.4151x - 1.8868 | ——Linear (ANS - W)
3 20
< /
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12. Appendix E. Dispersed Oil Concentration Plots

Oil Concentration

Run #1 - Weathered ANS : Dispersed

2m Fluorometry —e— background
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Oil Concentration

(Ppmv)

Run #2 - Fresh North Star : Dispersed

Fluorometry
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Oil Concentration

Run #3 - Weathered Cook Inlet : Dispersed
1m Fluorometry

—e— raw data

0 50 100 150 200

Distance from North Boom (ft)
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Oil Concentration

(Ppmv)

Run #4 - Fresh ANS : Control
1m Fluorometry

—e— discharge
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—&— pass?

50 100 150

Distance from North Boom (ft)

57




Oil Concentration
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Run #4 - Fresh ANS : Control
2m Fluorometry
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Oil Concentration

Run #5 - Fresh North Star : Control
1m Fluorometry

—e— discharge
—0— passl
A —&— pass?

50 100 150
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200
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Oil Concentration

Run #5 - Fresh North Star : Control
2m Fluorometry

—e— discharge
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50 100 150
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200
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Oil Concentration

Run #6 - Fresh Endicott : Control
1m Fluorometry
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Oil Concentration

Run #6 - Fresh Endicott : Control
2m Fluorometry
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Oil Concentration

Run #7 - Fresh ANS : Control
1m Fluorometry
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Oil Concentration

Run #7 - Fresh ANS : Control
2m Fluorometry
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Oil Concentration

Run #8 - Fresh Endicott : Dispersed
1m Fluorometry
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Oil Concentration

(Ppmv)

Run #8 - Fresh Endicott : Dispersed
2m Fluorometry
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Oil Concentration

Run #9 - ANS Weathered : Dispersed

1m Fluorometry
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Oil Concentration

Run #9 - ANS Weathered : Dispersed
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Oil Concentration

Run #10- NorthStar Weathered : Dispersed

(Ppmv)
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Oil Concentration

Run #10 - NorthStar Weathered : Dispersed
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Oil Concentration

Run #11- Cook Inlet Fresh : Dispersed

1m Fluorometry
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Oil Concentration

(Ppmv)
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Oil Conc. (ppmv)

Run #12- Pt MciIntyre Dispersed
1m Fluorometry
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Oil Conc. (ppmv)

Run #12 - Pt. Mcintyre Dispersed
2m Fluorometry
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Oil Conc. (ppmv)

Run #13- Pt Mcintyre Control
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Oil Conc. (ppmv)

Run #13 - Pt. MciIntyre Control
2m Fluorometry

—e—discharge

—o— passl

Distance from North Boom (ft)

200

76




50

Oil Conc. (ppmv)
BN W b
o o o o

o

Run #14 - Dispersed, Weathered Endicott
1m Fluorometry

—e—discharge

'K —o— passl

—A— pass?2
—o—pass3

0 50 100 150 200

Distance from North Boom (ft)

77




Oil Conc. (ppmv)
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