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ABSTRACT

Research has shown that burning can be an effective means to remove oil from
the surface of the water. The combustion characteristics of crude oil have been
measured in large laboratory tests using a nominal one meter diameter pool fire.
This work reports on progress mid-way through a 2Y:! year research program. The
objective of this research is to develop measurement equipment and calculations
that can be used to characterize oil spill burning at operational scale during field
trials of the technology. Field scale measurement techniques for fire radiation,
smoke yield, particulate sampling, plume trajectory are described. Progress in the
calculation of particulate deposition downwind of the burn site is presented.

INTRODUcnON

Response to oil spills includes considerations of oil containment, recovery,
disposal and the logistics of delivering adequate response equipment quickly to
the spill site. Particularly in remote areas, the use of burning as a oil spill
response method is attractive. Burning requires a minimum of equipment, and
because the oil is gasified' during combustion, the need for physical collection,
storage, and transport of recovered produc~ is reduced to the few percent of the
original spill volume that remains as residue after burning. The technology of oil
spill burning and other response methods have been reviewed recently [1, 2, 3].

The technology of greatest interest is that designed to burn oil in-place. Present
work is directed at burning spills under natural confinement such as within ice
leads or with artificial confinement within fire-proof collection booms. Using the
latter approach, approximately 15,000 gallons of oil from the recent Exxon Valdez
spill were confined after nearly two days in the water and burned. The resulting
fire lasting approximately 45 minutes consumed all but 300 gallons of residue that
remained in the boom [4].
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ABSTRACT

The ASA oil spill model has evolved to standard model software and
input and output procedures. An embedded geographic information system
(GIS) is used to organize, display and manipulate the data necessary as input
to the model and supplementary data that aids in understanding and
evaluating model predictions. This system is referred to as a model shell.
Applications to new areas are performed by defining geographically specific
data sets. Model shell application to such diverse areas as the Arabian GUlf,
Ligurian Sea, Gulf of Mexico and Block Island Sound are presented to
illustrate the concept. Examples of trajectory and fate model predictions in
stochastic and receptor modes are given to show the versatility of the shell in
addressing a full range of applications.
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1. INTRODUCTION
The development and application of oil spill trajectory and fate models

has historically been fairly active and because of the recent number of large
spill events (e.g.• Exxon Valdez. Arabian Gulf spill, Cyprus Haven spill. etc.)
has received increased attention. A review of the state-of-the-art over the
last decade (Stolzenbach et aI., 1979; Davidson and Lawrence, 1982; Huang
and Monastero, 1982; Spaulding. 1988; Reed et al; 1988) indicates that at any
one time 30 to 50 models are available through a variety of government
agencies, academic institutions and private consulting firms. Typically two
to five algorithms are available to describe anyone fate or transport process
depending on the process. It is interesting to note that the survivorship of a
given model is not particularly long due to the advances in understanding of
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A new advanced contingency plan has recently been developed for the
West Coast by Esso Resources, now Imperial Oil (Resources Division),
using a combination of new mapping techniques, state of the art computer
models and oil-specific laboratory measurements . This work was
coordinated to satisfy the demands of the contingency planner, the
operational needs of both iocal and national spill response groups and to
meet the informational requirements of crisis management. Such a united
approach means that the same basic and integrally consistent information
Is used by all groups. Thus, during an incident response situation, all
groups will have available to them the same basic sets of information.

Introduction

Since 1975, Imperial Oil Limited has produced a heavy crude all, known
as bitumen, from its Cold Lake facility located in north eastern Alberta. The
current production rates are between 14,000-16,000 m' per day. This
bitumen is produced using a cyclic steam process. The reservoir is heated
using steam injection in order to mobilize the flow of the bitumen, and after
a suitable period of time, the oil is extracted. As produced the oil has an
API graVity of 9-10, and a, viscosity of about 200,000 cSt at 15°C.

In order to transport this material to market by pipeline, the produced all is
blended with a light condensate (up to 30% by volume) to produce a
material with a viscosity of less than 250 cSt at temperatures as low as O°C.
This diluted material is called "dllbit" and has an API graVity of 26.
Depending on market conditions, up to 15% o!this production is transported
by the Trans Mountain Pipe Line to Vancouver where it is loaded for
shipment by sea. In recent years, approximately 10 tanker shipments of
70,000 m' each were made per year. In addition to the shipment overseas
by tanker, there is one dilbit shipment per month to Tacoma using a 18,000
m3 barge and tug combination.
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DRIFT CLIRRENT UNDER THE COMBINED ACTION OF WIND AND
WAYES IN SHALLOW WATER

by
Mohamed Youssefand Malcolm L. Spaulding

Ocean Engineering
University ofRhode Island

Narragansett, RI 02882

ABSTRACT

In the present study the conservation ofmomentum and turbulent energy equations
are solved using an implicit finite difference method to predict the venical distribution
ofcurrent., turbulent energy, and eddy viscosity at one point for shallow water. The
model includes coupling between the wave and wind induced currents. Input energy
from the atmosphere to the turbulent energy and current fields is represented through
free surface boundary conditions.

The model was applied to predict the surface drift for water depths ranging from 20
to 1000 m for varying wind speeds. The predicted steady state drift factor decreases
with decreasing water depth for a given wind speed. For depths greater than 400 m
(deep water) or shallower than 100 m (shallow water), the drift factor is depth
independent. In deep (shallow) water, the drift factor decreases (increases) with
increasing wind speed. The deflection angle is relatively insensitive to variations in
water depth, but decreases slightly as wind speed increases. Model results can be
explained by studying the vertical eddy viscosity profiles and whether it is dominated
by surface or bottom generated turbulence. Model results are consistent with
observations and earlier theoretical studies and show drift factors/deflection angles
typically varying from 1.5 to 4%, and 10 to 25°, respectively.

INTRODUCTION

Reliable, high quality predictions of the fate and transpon of spilled oil
requires an accurate procedure to estimate the wind and wave induced currents in a
zone near the free surface. In addition to the traditional need to forecast the surface
movement ofoil, the current generation of oil spill models incorporate subsurface oil
transport calculations as weU (e.g. KoUuru et. al., 1994; Spaulding et. al., 1993) which
require estimates of the current in the upper several meters of the water column.
Strong shear flows in these regions and strong gradients of turbulent kinetic energy
can dramatically influence both the surface and subsurface distribution ofoil (Elliot,
1986; Spauldingec. aI., 1993).

In a previous paper, Youssef and Spaulding (1993) presented the
development, testing, and results of a wave current·interaetion model. The model
solved the conservation of momentum and turbulent kinetic energy equations at a
single point assuming deep water conditions. The model timher assumed that the
principal source of turbulence was due to wave breaking activity at the sea surface
and shear in the upper water column. The model results showed good comparison
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ABSTRACT

The most pervasive problem in mechanical spill recove.ry is skimmers
picking up too much water. In spite of a substantial research effort to
correct this problem. high capacity skimmers tend to recover a high
percent water.

Oil/water separators can solve skimmer efficiency problems because they
operate most effectively when the incoming product has a very high
percent water. The best of these can produce effluent oil with only a few
percent water and water that is less than 50 ppm oil. Still separators are
generally not used in spill response because of real and perceived
problems. Recent tests indicate that many of these problems have been
solved or are near solution. This paper reviews recent tests and comments
on how these results may impact mechanical recovery operations. Further,
the paper suggests areas in which additional development may improve
separator performance to the extent that these devices become an
important tool in the oil spill response effort.

INTRODUCTION

The basic problem with mechanical oil skimmers is that they pick up too
much water. Further, as capacity goes up, efficiency, in terms of percent
water in the recovered product, goes down. Some skimmers can recover
a high percent oil, but this level of efficiency is almost always gained at
the expense of capacity. This alternative is often acceptable If the oil is
not spreading. Fot' example, if a tank truck spills into an adjacent pond,
the oil is contained so using a high efficiency low capacity skimmer over a
long period of time is acceptable. This is also true in an industrial
skimming situation in which the oil is confined. However, if the oil is
spreading, which is true in most spill situations, sacrificing capacity for
efficiency is not an acceptable alternative. Recovering the oil slowly
permits additional spreading and the problem becomes worse. Clearly high
capacity must achieved at any cost, and this cost is generally recovering
a high percent water.

SEPARATORS FOR SPILL RESPONSE

At this point it becomes logical to add oil/water separators to the recovery
system because they operate most effectively when the incoming product
has a very high percent water. Although this seems to be the perfect
solution to the problem, separators are not often used in spill response
because of real and perceived problems. Typical problems include the
follOWing:

a Low capacity
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Abstract
This work follows'on extensive empirical studies on the evaporation of oil and

petroleum products. A study of the evaporative characteristics of-19 different crude
oils and petroleum products was conducted. Best-fit equation parameters were
detennined for both percentage loss by time and absolute weight loss. All oils except
for three (diesel fuel, FCC Heavy Cycle andBunker Clight) were found to fit
logarithmic curves. The exceptions noted, fit square root curves' with time. The
equation constants were correlated with oil distillation-data. The equation constants
correlated-highly with the percentage distilled'at 180°C.- Using this correlation,
equations were developed'by which the oil evaporation 'can be predicted using the
distillation data alone. .

Specifically, it has been found that the distillation percentage at 180°C
correlates well with the equation'parameters. Regression coefficients (r') range from
0.74 to 0.98, depending on the type of equation and the selection of data~
Relationships e'nabling calculation of evaporation equations directly ITom distillation
data have been developed:

For oils that follow a logarithmic equation:
Percentage evaporated ~ 0.165(%D) In(t). (I)
Weight evaporated ~ 0.0341(%D) In(t) (2)

For oils that follow 'a square root equation:
Percentage evaporated ~ 0.0254(%D)ft (3)

Weight evaporated ~ 0.O~514(%D),{t.. • (4)
where the :weight evaporated is in 'grams per 20 grams of oil exposed, %D is the
percentag~ (by weight) dist~lled at 180°C and t is -tp.e time hi minutes. these are
relevant at 15°C. - -

. These equ~fIons were'combined with theequati~ns generated to account for
the t~mperature variations of the oil: __ .

For 'oils that follow a: logarithmic equation:
Percentage evaporated ~ [0:I65(%D) + O.045(T-15)]In(t) (5)
For oils'that follow a square, root equation:

Perceni~ge ,vaP9rated ~ [0.0254(%D) + 0.0I(T-15)]ft (6)
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1.0 Introduction : ;, , '
The previous papers by this author presented results that showed that the "

evaporation rates of oils and petrple,u,m products are largely:gqvemed by t~mperatuie·

and time (Fingas 1995a, 1995b, 1996). Equations were derived which correlilted the
temperature ch~ges ,to the equations with bQth the empirical rmdings themselves,
and with distillation data. -This work still len the basic parameter of the evaporation
rate at 15°C to be determined empincally. The determin~tion ofthese empirical
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ABSTRACT
This paper summarizes studies to determine the stability ofwater-in-oil

emulsions resulting from asphaltene or resin content and'viscosity stabilization.
These studies have confirmed that the stability of emulsions can be grouped

into three categories: stable, unstable and meso-stable. Water can also reside in oil as
'entrained water', in which larger droplets of water are temporarily suspended by
viscous forces. These have been distinguished by physical measures as well as visual
differences. The viscosity of a stable emulsion at a shear rate of one reciprocal
second, is at about three orders-of-magnitudegreaterthan that of the starting oiL An
unstable emulsion usually has a viscosity no more than about 20 times greaterthan
that of the starting oil. A stable emulsion has a significant elasticity, whereas an
unstable emulsion does not. A meso~stable emulsion has properties between stable
and unstable, however breaks down after a few days of standing. The usual situation
is that emulsions are obviously either stable, meso-stable or unstable. Entrained
water, water suspended in oilby viscous forces alone; is also evident.. Very few
emulsions have questionable stability. Analytical techniques were developed to test
these observations.

Studies in the past four years have shown that a class of Ivery stable'
emulsions exists, characterized by their persistence over several days to years. These
stable emulsions actually undergo an increase in viscosity over time. Monitoring of
all water-in-oil states resulting from oiVwater mixtures prepared in this study, has
been performed for at least one week. This shows that meso-stable emulsions,
unstable emulsions and entrained water states clearly separate into oil and water
layers. Stable emulsions increase in apparent viscosity and elasticity.

The stability of emulsions has been studied by examining the asphaltene and
resin content and secondarily, the visco-elastic properties of eighty-two oils. Results
are reported which show that these factors are responsible for the stability regimes
noted.
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1.0 Introduction
The most important characteristic ofa water-in-oil emulsion is its "stability".

The reason for this importance is that one must first characterize an emulsion as
stable (or unstable) before one can characterize the. properties. Properties change very
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Abstract
A near full-scale screening test protocol was developed in 1996 that evaluates

a fire resistant boom's durability and its ability to contain oil during an in situ bum.
Benchmarking the screening test protocol showed that it reproduced the correct
stresses (both mechanical and heat) of an in situ burning operation, but that their
intensity needed to be increased. This was accomplished in 1997. with the most
significant change being the enhancement of the heat flux to the boom by increasing
the flow ofpropane per unit surface area by a factor of three and injecting compressed
air into the base of the flame.

The revised fire exposure portion of the test protocol was benchmarked in
October 1997. These tests involved exposing a 15 m section of the NOBE fire boom
to four one-hour cycles of enhanced propane flames and waves and four one-hour
cycles of waves alone. The sustained average heat fluxes ranged from 110 to 130
kW/m2 with some averages as high as 150 kW/m2

, a significant increase over earlier
measured heat fluxes from propane fires and in line with heat fluxes from diesel and
crude oil fires'. Temperatures on top of the test section of boom ranged from 900 to
1100°C. After the second bum cycle, the boom was beginning to show signs of
deterioration. By the end of the third bum cycle the boom fabric was obviously
severely degraded and would not have contained oil at the vertical stiffeners exposed
to flames. On completion of the fourth cycle there were large'holes in the membrane
at the vertical stiffeners and severe damage at the sides and-the top of adjacent float
sections. This is consistent with the damage observed at NOBE and in the same fire
exposure time frame.

1.0 Introduction
A near full-scale test protocol was developed in 1996 that evaluates a fire

resistant boom's durability and its ability to contain oil during an in situ bum without
the environmental problems of burning crude oil or the costs of testing offshore. The
screening test was comprised offour discrete stages:

1. The pre-bum wave stress stage, where the test boom was flexed under
tension in waves to simulate deployment of the boom and transit to the
spill site.

2. The bum in waves stage, where the test boom was exposed to waves and
repeated one hour cycles ofa propane gas fire to simulate oil burning
operations.

3. The post-bum wave stress stage, where the test boom was again flexed
under tension in waves to simulate retrieval of the boom.
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Abstract
Many natural sources of petrogenic hydrocarbons contribute to the background

observed in offshore sediments of Prince William Sound and the Gulf of Alaska
(PWS/GOA) (page ef al. 1995; Page ef al. 1996; Page ef al. 1998a; Page ef al. 1998b).
Hydrocarbon fingerprinting. least-squares analysis (Burns et ai. 1997; Page et al.
1999) and mass balance constraints indicate that eroding Tertiary petroleum s6urce
rocks and residues of associated seep oils are the dominant sources of the hydrocarbon
background rather than area coals or residues from the Exxon Valdez oil. Mass balance
constraints are imposed by total organic carbon (TOC), polycyclic aromatic
hydrocarbons (PAR), and saturate and aromatic biomarker concentrations. Inputs of
the natural background predate the 1989 oil spill (Page ef al. 1995; Page ef al. 1996).
Results of this analysis indicate that recent claims (Short et al. 1999; Hostettler, et al.
1999) that area coals are the major source of the background are incorrect.

1.0 Study Plan and Methods
Sixty-nine field samples ofcoal, seep oil, offshore sediments, stream and river

sediments and petroleum source rocks .from locations ranging from Yakutat in the
east to PWS in the west were taken in 1999. Table 1 summarizes the locations and
features of these 1999 samples (see also Figure 1). In addition, subsets of 20 stream
sediment and seep-oil samples taken in 1993 and 1994 (see Bence, et al., 1996) and
32 benthic sediment samples from the GOA and PWS taken in 1991 (see Page, et al.,
1996) were quantitatively re-analyzed for a large set of PAR and chemical
biomarkers. Three Bering River coal samples plus 10 archived source-rock and
3 archived GOA seep and field oil samples from exploration activities in the 1960s
and 1970s were analyzed to complete the data set.

PAR and bi.omarker concentrations were quantified by GC/MS-SIM
techniques previously reported (Page. et al. 1996; Bence, et al. 1996). Included were
thirty-six 2-6 ring PAH-analytes and 44 C19-C35 hopanes (tri- tetra- and pentacyclic
terpanes) and demethylated hopanes (m/z 191), 14 C21-C29 regular steranes (m/z 217.
218). eight C27-C29 diasteranes (m/z 259), and 7 C20-C18 triaromatic steranes (m/z
231). Sample size ranged from 30 to 50 g dry weight. Before solvent extraction,
source rock and coal samples were finely pulverized to produce a grain size
approximating that of PWS benthic sediments. This was done to minimize grain size
effects on extraction efficiency. TOC was determined by standard combustion
methods. The thermal maturities of the. shale and coal samples and of the particulate
kerogens in shoreline, stream and subtidal sediment samples were determined by
reflectance (Ro) measurements, a standard technique.
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Abstract
The Hazm.at Division of the National Oceanic and Atmospheric

Administration has recently completed a major upgrade to its widely used oil spill
behavior model, ADIOS. Based on new research results and analysis since the release
of the first version of the model, the algorithms for evaporation, spreading,
dispersion, and emulsification have been modified. Evaporation now utilizes a
pseudo-component approach, dispersion includes the effects ofsedimentation and
new estimates for wave breaking, emulsification considers droplet size distribution as
well as water content, and spreading uses new numerical techniques that allow non
uniformity in slick thickness. New sub-models calculate the inhalation hazard due to
evaporating benzene from the slick surface, record the effects of cleanup, and allow .
several options with regard to the initial release. The user is allowed to input ranges
for selected input variables 'with the resulting uncertainty displayed in the model
output. Along with the standard library of over a thousand oils and refined products,
a custom library option is available. Documentation for the software is provided as an
accompanying HTML document.

1.0 Introduction
The National Oceanic aild Atmospheric Administration Hazrnat Division

(NOAAIHAZMAT) oil weathering program, ADIOS (Automated Data Inquiry for
Oil Spills) was introduced at the Fifteenth Arctic and Marine Oil Spill Program
(AMOP) and has been widely used throughout the world as a standard modeling tool
at oil spill incidents. The model was deliberately designed to be capable of operating
easily on the relatively less powerful desktop computers of 1992. As a reSUlt, many
simplifying assumptiOJ;lS had to be made with regard to weathering algorithms
employed in the model. However, in the intervening years, personal computers have
become more powerful and our understanding of the underlying physics and
chemistry of oil slicks has advanced. Therefore, NOAAIHAZMAT has revised the
existing algorithms in ADIOS and introduced new ones which model additional
weathering processes and cleanup strategies.

This paper is divided into three parts. The first part outlines the changes in the
existing algorithms implemented in the new version. The second part discusses the
new algorithms for additional weathering processes and cleanup activities. The third
part describes the new interface, which is the result ofNOAAIHAZMAT research in
software usability and uncertainty.
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Abstract
The multivariate statistical methodology ofPcirtial Least Squares (PLS) has

been used to reassess the percentage contribution of co'al, seep oil, shales and rivers
to the hydrocarbon loading in the Gulf of Alaska. Data have kindly been provided by
Short (NOAA) and Page (Bowdoin College, for Exxon) and have been analysed
using selected sites ,as sources in order to develop signatures. These signatures are
based on 40 and 136 compounds respectively and include the PAH and terpane
biomarkers in the case of the Exxon data. The principal components describing these
sources are then fitted to the data for other sites around the Gulf of Alaska (GoA) to
determine the proportion of the variability described by each source. Using the
Exxon data, the coal, seep oil, eroding shales and rivers (l & 2) sources described
-13,18.24,26 and 20% respectively of the variance in the Prince William Sound
(PWS) and GoA data. With the NOAA data, spatial plots of the explained variance
indicate regions where Exxon Valdez oil dominates and others where the pre-spill
background dominates. As with the Exxon data, there is considerable overlap in the
signatures and Cooman's Plots identify those compounds whichare the most
diagnostic: for the seep oil signature, naphthalene, methyl and dimethyl naphthalene
are the best markers whereas the pre-spill background, coals and shales are best
defined by the'larger PARs such as perylene and benzo(ghi)perylene. The evidence
suggests mixed sources whose contributions vary across the sampling area.

1. Introduction
Following the grounding and loss ofoil from the Exxon Valdez tanker in

PWS, Alaska. there has been much work published on the clean-up and potential
long term fate of the oil (see Wells et a1., 1995; Rice et a1.. 1996). However, an
outstanding issue does exist with regard to the origin of the background
hydrocarbons present within Prince William Sound (PWS) and the GoA generally.
There are two school's of thought on this matter; Short and co-workers from the
NOAA Auke Bay Laboratory cite evidence based on the presence of coal on nearby
beaches and the coal measures between the Bering River and-Ice Bay that these
backgronnd (pre-spill) hydrocarbons come from such deposits (Short et aI., 1999). In
contrast, Page and co-workers believe they originate from natural oil seeps and
eroding source rocks in the same regions around the eastern shores of the GoA (page
et a1., 1999; Boehm et a1., 2001). Several papers have been published presenting
evidence for each hypothesis which have then been challenged in replies. Much of
the work revolves around the biomarkers. PARs, ratios between selected PAHs, their
refractory index and Toe considerations. Recently Page and co-workers have used
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The Fate ofStrand~dOil at the BIOS Site
Twenty Years after the Experiment

Abstract
A beach at Cape Han, northern Baffin Island, Canada was oiled as part ofthe

1981 BIOS experiment. The distribution, natural weathering and character of the oil
have been monitored over time by periodic site visits. The oil has been exposed to
weathering processes for a total ofapproximately 40 months during ice-free periods
over the 20 years of the study. The majority of the stranded oil was removed in the
first few months ofopen water following the experiment; however, small surface
·patches still remain in 2001. There bas been relatively little change in the overall
distribution or in the observed physical condition of the oil patches between two site
visits in 1993 and 2001. Geochemical analyses show that some samples remain
essentially unaltered despite their 20 years (-40 months) ofexposure to the elements,
whereas, others show that biodegradation and photo-oxidation can play important
roles in removing the majority ofthe components of the oil in this low-energy arctic
environment. The most biodegraded sample has lost more than 87% ofthe
hydrocarbons that were initially present.

1 Introduction
One component ofthe Baffin Island Oil Spill (BIOS) Project involved a

nearshore release of 15 m3 of aged crude oil that was allowed to strand on the nearby
shoreline (Sergy and Blackall, 1987). The oiling took place in 1981; the experimental
beach (designated as Bay II:Figure 1) was left to weather naturally and was
monitored over time. Another component of the BIOS Project, carried out in 1980
and 1982, involved the creation of intertidal and backshore control and test plots in an
area known as Z Lagoon. These plots were oiled directly and were used to evaluate
various treatment techniques (Owens et al., 1987; Owens and Robson, 1987). Field
studies were conducted in July/August 1981 and during August in ~achof the years
1982, 1983, 1985, 1987, 1989, 1993 and 2001 to systematically document changes in
the distribution, quantity, and character of the oil though time. Even in the last visit
of2001(-20 years later), oil residues were found on the Bay 11 beach and in Z
Lagoon where two 1980 control plots ofweathered crude and emulsion (plots T1 and
T2 respectively) had been oiled above the nonnallimit ofwave action. Small
amounts ofoil residues were also found on a 1982 weathered crude plot that had been
treated by in situ mixing (plot !MC).

The results of chemical analyses on the samples collected in 1993 and 200.1
are reported elsewhere (prince et al.• submitted; Wang et al, 1995) and this
discussion focuses on the changes in the observed distribution and character of the oil
residues in the context of the long-tenn fate of the stranded oil.
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Dispersant Effectiveness in a S!!"ulated Shallow Emhayment
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Abstract
An experiment on dispersant effectiveness was conducted at a wave-tank facility in
Corpus Christi TX (USA). The tank was setup to simulate a shallow embayment
with wave conditions similar to those found in Corpus Christi Bay. A known volume
ofweathered Arabian medium crude oil was applied to the water surface and the
dispersant was systematically applied to the slick in an aerosolized form (dispersant
to-oil ratio of!: 10). The effectiveness was quantified by conducting a mass balance
on the oil where the compartments for oil accumulation were the water colunm, the
water surface (as a resurfacing slick), and the tank walls. Samples were periodically
collected from each compartment during the 24-hour experiment (t = pre-oiled
baseline, 0.5 hours, 2 hours, 4, hours, 24 hours). Samples were extracted and
analyzed via GC-MS. Data analysis indicates that during the 4-hour sampling event,
more than two-thirds ofthe appli~d oil was determined to be in the water colunm.
This result suggests that the dispersant was effective in dispersing the crude oil under
these wave energy conditions. After 24 hours, a large portion ofthe oil had
resurfaced. Fuller et al. (2002) had similar results in the lab scale version of this
experiment.

1 Introduction
The anthropogenic introduction ofpetroleum into the marine environment is

largely due to the production and transport of crude oil and refined products. Sudden
large inputs ofoil into marine ecosystems can have an enormous impact, both
environmentally and economically. Chemical countermeasures are one tactic for oil
spill cleanup. Dispersants, one type ofcountermeasure, are designed to disperse the
oil into the water colunm. Currently, dispersants are not pre-approved for near-shore
use in some parts ofthe United States. Consequently, if an oil spill occurs in these
shallow marine wa,iers, oil-spill response teams cannot utilize dispersants in the most
timely fashion, thus increasing the chances ofonshore movement of the oil.

Although the majority ofmarine oil spills occur close to land, dispersant use
in coastal marine ecosystems has been approached cautiously. Many ofthese
concerns are in response to the high toxicity of the first-generation dispersants,
although the newer dispersant formulations are considered more effective and much
less toxic (NRC, 1989).

Although numerous toxicological studies have been conducted on these newer
dispersants, the effectiveness ofthe dispersant application process is difficult to
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Studies of Water-in-Oil Emulsions:
Formation of Water-in-Oil States from Heavy Oils

Merv Fingas and Ben Fieldhouse
Emergencies Science and Technology Division

Environmental Technology Centre
Environment Canada

Ottawa, Ontario
Email: Fingas.Merv@etc.ec.gc.ca

Abstract
This paper summarizes studies of the formation of water-in-oil states from

heavy oils. In previous studies, viscosity has been identified as a significant factor
influencing the fonnation and stability of water-in-oil emulsions, A viscosity
"window" has been postulated as necessary~ for the formation of stable emulsions.
Further, the viscosity was necessary for an oil to produce an entrained water state.
Heavy oils were rarely found to produce a stable or meso-stable emulsion and in most
cases, an entrained water-in-oil state result. However, it was found that the entrained
water-in-oil states would persevere for a much longer time (days) than with lighter
oils. This is due to the lower migration rate of water droplets out of a heavy oil
compared to that of a erode oil.

A secondary use of the results was to evaluate the representative basis for
using the "Stability Index", devised to quantitatively characterize the stability of an
emulsion, under varying formation regimes. The results show 'that the stability factor
previously defined as the complex modulus ofthe water-in-oil state after emulsion
formation divided by the starting oil viscosity, is still a robust indicator, however, is
less predictive for heavy oils. A new or alternative stability scale was developed and
yield similar values for water-in-oil states produced from either light or heavy oils.
However, the alternative stability scale is complex and has no improved
discriminating power over the old simple stability scale.

1 Introduction
Emulsification is the process whereby water-in~oil emulsions are formed.

These emulsions are often called "chocolate mousse" or "mousse" by oil spill
workers. Wheu emulsions form, the properties and characteristics of oil spills change
to a very large degree. For example, stable emulsions contain from 60 to 80% water,
thus expanding the spilled material from 2 to 5 times the original volume. The density
of the resulting emulsion can be as great as 1.03 g1mL compared to a starting density
as low as 0.80 g/mL.'Most significantly, the viscosity of the oil typically changes
from a few hundred mPa.s to about 100,000 mPa.s, a typical increase of 1,000. A
liquid product is thereby changed to a heavy, semi-solid material.

Many researchers feel that emulsification is the second most important
behavioural characteristic ofoil after evaporation. Emulsification has a significant
effect on the behaviour of oil spills at sea. As a result of emulsification, evaporation
of oil spills slows by orders-of-magnitude, spreading slows by similar rates, and the
oil rides lower in the water column, showing different drag with respect to the wind.
Emulsification also significantly affects other aspects of a spill, such as cleanup
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Abstract
Turbulent and total energy are known be a very important part of the

measurement of oil spill processes. For example, the energy spectrum is thought to be
the single most-important variable in relation to chemical dispersion.

Two techniques have been used to measure energy and work input. One
measurement technique chosen to do this is Particle Image Velocimetry or PIV. In
this method, seed particles - which could be oil droplets, are put into the fluid and the
fluid is illuminated with a laser at one of 4 chosen wavelengths. The movement of a
particle in a given cell is measured as a function of time. This can occur as fast as 30
Hz. Energy can be calculated from at least 2 successive frames. Turbulent energy can
be calculated at each point in the image frame. The other method is the method of
using hot wire anemometry. This method can yield data similar to PIV measurements,
however requires the intrusion of a probe into the area.

Energy and work are calculated or estimated in several laboratory vessels and
compared to estimates of energy/work at sea. Some measurements completed by PlV
and anemometry are compared to these calculated values. The initial measurements
and estimates indicate that the energy in several laboratory vessels is similar and that
it may be equivalent to those encountered at sea under moderate wind and wave
conditions.

1 Introduction
An important aspect of oil spill processes is the energy applied to the oil on

the water surface. The energy and work applied is known to effect the kinetics of
water-in-oil emulsion (Fingas et aI., 2001). Further, it has been found that energy is
critical in understanding the effectiveness of chemical dispersion of oil (Fingas et al.,
1996). This paper reports on initial measurements of energy and work using modem
techniques. In the past year, initial studies on this problem were reported (Fingas,
2003). Emphasis has been placed on studying the kinetic energy and turbulence in
small laboratory apparatuses. It is important to note that turbulent energy is felt to be
the most important form of energy related to emulsion formation.

Turbulence is the fluctuation of velocity (Tennekes and Lumley, 1972; Zhou
et aI., 2000). If a velocity assemblage is viewed, the description of the overall
.velocity is given as:

u=u + u·
where U is the overall velocity com'ponent

U is the average or constant velocity

u is the fluctuating component or turbulence.

(I)



ii

iii

A Review of CEPA Toxic Snhstances and the Requirement for
Environ~entalEmergency Plans .•..•••.•.
K.J. Ketcheson and J. Shrives • • • • • • • • • • • • • • • • • • • • • • • • •• 559
EnvITomnentCanada
Gatmeau, Quebec, Canada

639

655

675

Upd.ate for the Environmental Emergency Regulations U d
SectIOn 200 of CEPA 1999 n er
A. Hazra and S. Jackson • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 621
Environment Canada
Gatineau, Quebec, Canada

Evaluation of the Tekmar 3100 Purge and Trap _Agilent GCIMSD
System for VOC Analysis
K.Liand M.Fingas ••••••••••••••••••••••••••••••••••••••••••

EnvaonmentCanada
Ottawa, Ontario, Canada

M. MacKinnon
Syncrude Canada Ltd.
Edmonton, Alberta, Canada

Volume 2
Table of Contents
Table des matii~res

Teclmical Seminar on Chemical Spills (TSOCS)
Le coUoque tecl,nique sur les prorluits chimiques

Development of FrIR as a Field TeChnology for Chemical S '11
M. Goldthorp and P. Lambert pi s.......... 551
Envirorunent Canada
Ottawa, Ontario, Canada

~embrane Tecb".ology to Improve Water Management in
011 Sands OperatIOns
K. Volchek and W.P. Wong········· •••••••• H~ P;~g' '" '" .
SAICCanada
Ottawa, Ontario, Canada University ofOttawa

Ottawa, Ontario, Canada

C.E. Brown
Environment Canada
Ottawa, Ontario, Canada

The Development of a Risk Evaluation and Ranking
Methodology for Federal Contaminated Sites
P.L. Smith •••••••••••••••••• '" •••••

Environment Canada
Gatineau, Quebec, Canada

Inquiries about the technical content ofpapers in this seminar should be directed to
the author(s). Infonnation about the seminar in general is available from:

Emergencies Science and Technology Division
Environmental Technology Centre
Environment Canada
335 River Road
Ottawa, Ontario, KIA OR3
Canada

Notice
The papers in these Proceedings are published as submitted by the authors. All papers
have been peer reviewed. Any statements or views presented here are those of the
autbors. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.

Avis
Les textes conteous dans Ie present document soot publh~s teis que presentes par les
auteurs. Tous les manuscrits ont ete arbitres. Les declarations et opinions apparaiss3l1t
dans ce document soot celles des auteurs et toute mention de marques de commerce
ou de produits commercialises ne constitue oi une approbation ni une
recommandation de son emploi.

Toute demande d'infonnation relative au contenu technique des textes devrait etre
dirigee directement aupres des auteurs concemes. En generale, toute demande relative
au Colloque devrait etre adressee a:
Division des urgences - science et technologie
Centre de technologie environnementale
Eovironnement Canada
335, chemin River
Ottawa (Ontario) KIA OR3
Canada

Tel. : (613) 998-9622
Fax: (613) 991-9485
www.etcentre.org/news/conferences_f.html

Pour obtenir ces comptes-rendues ou celles d'anciennes conferences d'AMOP,
contactez l'adresse ci-haut ou par courriel adavid.roy@ec.gc.ca.

Phone: (613) 998-9622
Fax: (613) 991-9485
wwvv.etcentre.orglnews!conferences_e.html

Copies ofthese Proceedings or those from past Technical Seminars are available from
the above address or e-mail david.roy@ec.gc.ca.



iv v

731

703

713

685
765

773

793

785

l.W. Short
National Oceanic and Abnospberic
Administration

Juneau, Alaska, U.S.A.

Z. Wang
Environment Canada
Ottawa, Ontario, Canada

Comparative Toxicity of Four Crude Oils to tbe Early Life Stages
of Rainbow Trout (Oncorltyllcltus mykiss) ••••••.•••••.•.•••••.•••••••
L.M.J. Clarke, C.W. Khan, P. Akhtar, K. Lee
and P.V. Hodson Fisheries and Oceans Canada
Queen's University Dartmouth, Nova Scotia, Canada
Kingston, Ontario, Canada

EROD Activity (CYPIA) Inducing Compounds in Fractionated
Crnde Oil •••.•.••••....•.••.•••••.•••••••••••.•.••••..••..••••••
C.W. Khan, S.D. Ramachandran, L.M.J. Clarke, B.P. Hollebone and Z. Wang

and P.V. Hodson Environment Canada
Queen's University Ottawa, Ontario, Canada
Kingston, Ontario, Canada

Assessment of Sediment Quality Based on Toxic Equivalent
Benzo[a]Pyrene Concentrations ...••••••.•.••••••.••••.....•.••..••.
T.L. King and K. Lee
Fisheries and Oceans Canada
Dartmouth, Nova Scotia. Canada

Biological Effects ofOil and Oil Biodegradation
Effets biologiques du petrole et biodegradation

Role of Droplets in Promoting Uptake ofPAHs by Fisb Exposed to
Cbemically Disperse4 Crude Oil •..•.••..•••.•••.•.•.•..•...••••••.•
S.D. Ramachandran, C.W. Khan, K. Lee and T. King
and P.V. Hodson Fisheries and Oceans Canada
Queen's University Dartmouth, Nova Scotia, Canada
Kingston, Ontario, Canada

Shoreline Protection and Cleanup
Protection et ne«oyage des rives

Accelerating tbe Natnral Removal of Oil on Sborelines:
Part 2 - Tilling or Mixing Tecbniqnes •.•.•••••..•.•.•.•.•..••...•.••.

G.A. Sergy
E.H. Owens Environment Canada
Polaris Applied Sciences, Inc. Edmonton, Alberta, Canada
Bainbridge Island, Washington, U.S.A.

A SCAT Mannal for Arctic Regions and Cold Climates .•..•..•....•.•.•
G.A. Sergy

E.H. Owens Environment Canada
Polaris Applied Sciences, Inc. Edm t n Alberta Canada
Bainbridge Island, Washington. U.S.A. on 0 • ,

Optimizing Hydraulic Cleaning Techniques for Oiled Coarse
Sediment Beaches: Long-Term Monitoring Results .•.••.•.• · ....•.•.•.•
G S Mauseth A.W. Graham. and J. Simon G.A: Sergy C d

. . . ' . Envtronrnent ana a
Polaris Apphed ,Sciences, Inc. Edmonton, Alberta, Canada
Kirkland, Washington, U.S.A.

Quebec Region's Shoreline Segmentation in the St. Lawrence River:
Response Tool for Oil Spills .••.•..•.•. M. 'B~uii .
S. Laforest Canadian Coast Guard
Environment Canada Quebec, Quebec, Canada
Montreal, Quebec, Canada

V. Martin
Eastern Canada Response Corporation (ECRC)
Vercheres. Quebec, Canada

La segmentation des rives du Saint-Laurent au Quebec: un outil 741
d'interventioD pour les deversements d'bydrocar~ures••.•••.•.•.•••.•...

M. Boule
S. Laforest Garde cotiere canadienne
Enviro~ement Canada Quebec, Quebec, Canada
Montreal, Quebec, Canada

V. Martin
Societe d'Intervention Maritime, Est du
Canada Ltee (SIMEC)
Vercheres, Quebec, Canada

Development of a Shoreline Segmentation Database for tbe
Coast of New Zealand ••.•••.•.•.••.•.•••••.••.•..•..••.•••.•.•.•.•

J. Roberts
A. Lamarche . . Maritime Safety Authority of New Zealand
Environmental Performance and DeCISIon . N Z 1 d

S)
Wellmgton, ew ea an

Support (EPD
Montreal, Quebec, Canada

751

Oil Spill Treating Agellts
Agents de traitement pour les deversemellts d'hydrocarbures

Dispersan~Testing - Study aD Analytical and Test Procedures
M.F. Fingas, B. Fieldhouse, and Z. Wang
Environment Canada
Ottawa, Ontario, Canada

Dispersant Effectiveness Testing in Cold Water and Brasb Ice ••••.••.••.
C.K. Owens R.S. Belore
ExxonMobil Upstream Research Company SL Ross Environmental Research Ltd.
Houston. Texas, U.S.A. Ottawa, Ontario, Canada

807

819



vi

Papers from Poster Preselltatiolls
Articles d'apres les preselltatiolls d'affichage

Natural and Anthropogenic Hydrocarbons in the Antarctic Pack Ice • . • • .. 843
LA. Nemirovskaya and A.N. Novigatsky
P.P. Shirshov Institute of Oceanology RAS
Moscow, Russia

In Vitro Photooxidation of a Crude Iranian Petroleum Maltenic
Fraction as a Film Over Seawater in Natural Simulated
Cooditions and Identification of Photoproducts .•.•.••••..•.•..•..•.•.. 853
B. Nahri-Niknafs and SJ. Ghotbesharif S. Taghvaei and A.H. Rustayian
Pesticide Industrial Research Center (PIRC) ISlamic Azad University
Tehran, Iran Tehran, Iran

A Literatnre Review on Flow-through Fluorometers for
Monitoring Oil-in-Water Levels 861
P.G. Lambert
Environment Canada
Ottawa, Ontario, Canada

Weather Windows for Oil Spill Countermeasures •..••• . . . . . . . • . . • . . . •• 881
M.F. Fingas 1. Ka'aihue
Environment Canada Prince William Regional Citizens' Advisory
Ottawa, Ontario, Canada Council

Anchorage, Alaska, U.S.A.

The USEPA Environmental Response Team TAGA
at Work at the Hart Building Fumigation. . • . • . . • . • . • • . • • . . . . • . . • . • • •• 957
n.B. Mickunas and R. Turpin S. Blaze and 1. Wood
U.S. Environmental Protection Agency! Lockheed Martin Inc./Response Engineering

Environmental Response Team and Analytical Contract (REAC)
Edison, New Jersey, U.S.A. Edison, New Jersey, U.S.A.

Enhancing Effects of Picocyanobacteria on Growth and
Hydrocarbon Consumption Potential of the Associated
Oil-Utilizing Bacteria .••..•.•.••..••....••...•..•...••.••.•......•. 967
S.S. Radwan, R.H. AI·Hasan, S. Salarnah,
and M. Khanafer

Kuwait University
Kuwait

Review of Monitoring Protocols for Dispersant Effectiveness .•...•••..•• 977
M.F. Fingas L Ka'aihue
Environment Canada Prince William Regional Citizens'
Onawa. Ontario, Canada Advisory Council

Anchorage, Alaska, U.S.A.

vii

Dispersant Tank Testing - A Review of Procedures and
Considerations •...•.•...•.••..••••....•..•...•..••..•.••.•.•...• 1003
M.F. Fingas 1. Ka'aihue
Environment Canada Prince William Regional Citizens'
Ottawa, Ontario, Canada Advisory Council

Anchorage, Alaska, U.S.A.

Dispersant Field Testing - A Review of Procedures and
Considerations •••.....•..••.•••...•..•••.•.•.•....••.•...•....•. 1017
M.F. Fingas L. Ka'aihue
Environment Canada Prince William Regional Citizens'
Ottawa, Ontario, Canada Advisory Council

Anchorage, Alaska, U.S.A.



Volume'!
, Proceedings

Twenty.eighth Arctic and Marine Oilspill Program (AMOP) Technical Seminar
including sessions for the Twenty-second Technical Seminar on Chemical Spills
(TSOCS)

June 7 to 9, 2005
Fairmont Palliser Hotel
Calgary, Alberta
Canada

The Technical Seminar is sponsored by the Emergencies Science and Teclmology
Division, Environmental Teclmology Centre, Environmental Protection Service of
Environment Canada.

Volume 1
Compte Rendu

Le villgl-huitieme Colloque technique du programme de lutte contre les deversements
d'hydrocarbures en mer et dans l'Arctique (AMOP) incluant la vingt-deuxieme
Session sur les deversements de produits chimiques (TSOCS)

du 7 au 9 juin 2005
Hotel Fairmont Palliser
Calgary (Alberta)
Canada

Le Colloque teclmique est commandite par Ie Division les urgences - science et
technologie, Centre de teclmologie environnementale, Service de la protection de
I'environnement, Environnement Canada.

Cover Photograph
On Decemher 8,2004, the Selendang Ayu, a 738joot cargo vessel, went aground
between Skan Bay and Spray Cape on the northwest comer ofUnalaska Island,

. Alaska. The vessel was loaded with 132 million pounds ofsoybeans and canying
approximately 470,000 gallons ofheavy bunkerfuel oil (IFO 380) and 21,000 gallons
ofdiesel fuel. High seas pounded the vessel, which subsequently broke in two, spilling
at least 40.000 gallons ofoil. This photo was taken about a week later. (Photo
courtesy ofthe International Tanker Owners Pollution Federation, ITOPF, London,
UK)
Photo couverture
Le 8 d(!cembre 2004, Ie Selendang Ayu, cargo de 738 pieds de longueur, s 'echoue
entre la baie Skan et Ie cap Spray. aI'angle nord-ouest de I''ile d 'Unalaska, en
Alaska. II transportait 132 millions de /ivres defives de soja, 470 000 gallons de
mazout IOUI'd (IFO 380) et 21000 gallons de carhumnt diesel. Sous les COups de
boutoir de la mer grosse, sa coque se brise en deux, laissant fuir au mains
40 000 gallons de mazout. Cette photo a ete prise environ ulle semaille plus tard.
(Photo reproduite avec l'aimable autorisation de ]'lnternationaI Tanker Owners
Pollution Federation [lTOPF], Londres)



ii

Notice
The papers in these Proceedings are published as submitted by the authors. All papers
have been peer reviewed. Any statements or views presented here are those of the
authors. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use.

iii

VOlume 1
Table of Contents
Table des matieres

Physical allli Chemical Properties and Behaviour ofSpilled Oil
Comportement et caracter/sfiques physiques ef chimiques

des hydrocarbures deverses

Measurement of Energy in Laboratory Vessels - III ....•••••••••~. . . . • • • •. I
M.F. Fingas
Environment Canada
Ottawa, Ontario, Canada

Revisiting Source Identification, Weathering Models, and
Phase Discrimination for Exxoll Valdez 011 . . • . . • • . . . . . . . • . . . . . . . . . . • •. 33

W.B. Driskell J.R. Payne
Consultant Payne Environmental Consultants, Inc.,
Seattle, Washington, U.S.A Encinitas, California, U.S.A

G. Shigenaka
National Atmospheric and Oceanic
. AdministrationIHAZMAT

. Seattle, Washington, U.S.A

Inquiries about the technical content of papers in this seminar should be directed to
the author(s). Infonnation about the seminar in general is available from:

Emergencies Science and Technology Division
Environmental Technology Centre
Environment Canada
335 River Road
Ottawa, Ontario, KIA OH3
Canada

Phone: (613) 998-9622
Fax: (613) 991-9485
www.etcentre.orglnews/conferences_e.html

Copies of these Proceedings or those from past Technical Seminars are available from
the above address or e-mail david.roy@ec.gc.ca.

Avis
Les textes contenus dans Ie present document sont publies teIs que presentes par les
auteurs. Tous les manuscrits ont ete arbitres. Les declarations et opinions apparaissant
dans ce document sont celles des auteurs et toute mention de marques de commerce
ou de produits commercialises ne constitue ni une approbation ni une
recommandation de son emploi.

Mercury in Canadian Crude Oil
B.P. Hollcbol1c
Environmcnt Canada
Ottawa, Ontario, Canada

D. Lean and"O. Nwobu
University of Ottawa
Ottawa, Ontario, Canada

..................................... 17
C, Yang
Environment Canada
Downsview, Ontario, Canada

J. Belletrutti
Canadian Petroleum Products Institute
Ottawa, Ontario, Canada

Toute demande d'infonnation relative au contenu technique des textes devrait etre
dirigee directement aupres des auteurs concemes. En generale, toute demande relative
au Colloque devrait etre adressee a:
Division des urgences - science et technologic
Centre de technologic environnementale
Environnement Canada
335, chemin River
Ottawa (Ontario) KIA OH3
Canada

Dissolution of Water Solnble Components from Oil Spills
Encapsulated in lee. .. .. • .. .. . . . .. .. . . . .. .. .. .. . . . . . . .. . . . . . . . .. ... 59

L.·G. Faksness and P.J. Brandvik
The University Centre in Svalbard (UNIS)
Longyearbyen, Norway

Oil Spill Aftermath: Temporal Evaluation of Hydroearbon
Sources in Guanabara Bay, Brazil ..•••..•.••.... '" •.......••••.•••• 75

M.F.G. Meniconi C.G. Massone
PETRODRAS/CENPES Gorceix Foundation
Rio de Janeiro, Brazil Rio de Janeiro, Brazil

Tel. : (613) 998-9622
Fax: (613) 991-9485
www.etcentre.orglnews/conferences_f.html

Pour obtenir ces comptes rendues ou celles d'anciennes conferences d'AMOP,
contactez I'adresse ci-haut au par courriel adavid.roy@ec.gc.ca.

AL. Scofield
PUC Catholic University
Rio de Janeiro, Brazil

V.J.F. Junior
Rio Grande do Norte Federal University (UFRN)
Natal, Brazil



113

iv

Oil Composition and Properties for Oil Spill Modelling ••..••...•.••...•• 93
Z. Wang, B.P. Hollebonc, C. Yang, J. Weave~ .
B. Fieldhouse. M. Fiugns, M. Landriault, U.S. Envtfonmental ProtectIOn Agency
L. Gamble and X. Peng Athens, Georgia, U.S.A.
Environment Canada
Ottawa, Ontario, Canada

Charneterization, Weathering and Application of Sesquiterpanes
to Sonrcc Identification ofSpilled Oils •...•••...•.••••.••..••.••..••

Z.O. Wang, C. Yang, M. Fingas, B.P. Hollebone
and M. Landriault
Environment Canada
Ottawa, Ontario, Canada

v

Allocation of Multiple, Widely Spread Oil Spills Associated with
One Polluter: GC-MS Fingerprinting and Diagnostic Ratios of
Spilled Oil and Oiled Seabirds.. • • . ... .... .... .... .• .... . . . . . . . . . .. 169

A.B. Hansell and J. AVllskjold
National Environmental Research Institute
RoskUdc, Denmark

New Guidelines for Oil Spill Identification of Waterborne Petroleum and
Petroleum Products 183
t.-G. Faksness and P.S. Daling A.B. Hansen
SINTEF National Environmental Research Institute
Longyearbyen, Norway Roskilde, Derunark

133

Persistence of Crude Oil Spills on Open Water .•.....••••......•...•••
I. Buist and R. BeloTe F. Bercha and M. Cerovsek
5L Ross Environmental Research Ltd. Bercha Group
Ottawa, Ontario, Canada Calgary, Alberta, Canada

Activity Updates altd Colttiltgeltcy Plallltillg
Mise d jour des activites et piallificatioll de contingence

Why Do Oil Spllls Create a Paper Blizzard ....•.•.••....•••...••......
R.Goodman
Innovative Ventures (ivl) Ltd.
Cochrane, Alberta, Canada

Taming the Oil Spill Paperwork Beast: The Alaska Spill
Response Permits Project ••.•...••.•.....••••••.....••.•.•......••

T. Bryant E.G. DeCola and T.L. Robertson
Cook Inlet Regional Citizens' Advisory Council Nuka Research and Planning Group, LLC
Kenai, Alaska, U.S.A Seldovia, Alaska, U.S.A.

G. Folley
Alaska Department ofEnvironmental Conservation
Anchorage, Alaska, U.S.A

243

209

203

237

J. Wilson and B. Rinelli
PCCI
Alexandria, Virginia, U.S.A

R. DUllS
SN Standard
Norway

P. Kienhuis
R1ZA
The Netherlands

A Lewis
Alun Lewis Oil Spill Consultancy
United Kingdom

D. Prentki
U.S. Minerals Management Service
Anchorage, Alaska, U.S.A.

Tbe P/'estige Oil Spill Response in tbe French Coastal Waters:
Setting Up a Second-line,Response System ...•....••..•.....•.•••••..

L. Kerambrun, M. Lavenant and G. carioll H. Poisson, H. Goasguen and M. Peltier
Cedre Directions Regionale et Departementale
Brest, France des Affaires Maritimes

La Rochelle, France

Special Sessioll - Oil Spill Fillgerprilltillg
Sessioll speciale - ElIlpreilltes digitales lars d'lIl1 deversemellt

d'llydrocarbllre

Cbemlcal Fingerprinting of Terpanes and Sterancs by
Cbromatographic Alignment and Principal Component Analysis .•.••..•

J.H. Christensen A.B. Hansen .
Royal Veterinary and Agricultural University Natio,nal Environmental Research Institute
Frederiksberg, Denmark Roskllde, Denmark

O. Andersen
Roskildc University
Roskilde, Denmark

Evaluation of Short-term Physical Weathering of a Heavy
Fuel Oil by Use of Time Warping and PCA 145

L.M.V. Malmquist and R.R. Olsen J.H. Christe~en . ..
Roskilde University and National Environmental Royal Vetennary and Agncultural Umverslty
Research Institute Frederiksberg, Denmark
Roskilde, Denmark

O. Andersen
Roskilde University
Roskilde, Denmark

Evalnation of Oil Biodegradation Using Time Warping and PCA • . . • . . • .• 157
l.H. Christensen AB. Hansen .
Royal Veterinary and Agricultural University National Environmental Research Institute
Frederiksberg, Denmark Roskilde, Denmark

O. Anderson
Roskilde University
Roskilde, Denmark



vi
vii

Special Sessioll - Oil Spill Risk Assesslllellt
Sessioll speciale - Evaillatioll des risqlles lors de deVerSelllelltS

d'hydrocarbllre

Use of Probabilistic Trajectory and Impact Modeling to Assess
Consequences of Oil Spills with Various Response Strategies .•...•.•••. 253

D. French McCay, N. Whittier, J.J. Rowe, D. Aurand
S. Sankaranarayanan and H.-S. Kim Ecosystem Management and
Applied Science Associates, Inc. Associates, Inc.
Narragansett, Rhode Island, U.S.A. Lusby, Maryland, U.S.A.

Oil Spill Risk Assessment in Maritime Transportation Netwurks .....•..• 273
L. Yudhbir E. Iakovou
Systems PlaMing and Analysis University ofMiami
Alexandria, Virginia, U.S.A. Coral Gables, Florida, U.S.A.

Risk Analysis in Oil Spill Respouse Plauniug •• . • • . • • . . . . . . • • . • . • • • . • .• 289
A.N. Chcmoplekov A.A. Alexandrav
Teclmology Assessment Unit (TAU), Ltd. Central Department for Fisheries
Moscow, Russia Examination and Noons (TSUREN)

Moscow, Russia

b,-sitll B"millg a"d Oil Spill Treati"g Agellts
Bru/age ill~sitll et Agellts de traitemellt pOllr les deverseme"ts

d'/Iydrocarbllre

In-situ Burning of Heavy Oils and Orimulsion: Analysis
of Soot and Residue .....•••••••.••••.•.••...••••..•.•••...••..••. 333

M.F. Fingas, Z. Wang, B. Fieldhouse, C.E. Brown, D. Cooper
C. Yang and M. Landriault SAIC Canada
Environment Canada Ottawa, Ontario, Canada
Ottawa, Ontario, Canada

Research on Using Oil Herding Surfactants to Thicken
Oil Slicks in Pack Ice for III Sit" Burniug .•..•••.•••••.•...•••..•.. " 349

I. Buist and J. Morrison
SL Ross Environmental Research Ltd.
Ottawa, Ontario, Canada

The Effectiveness of Dispersants under Various Temperature
and Saliulty Regimes .•......•..•••••....••••.••••••..•.••...•.••. 377

M. Fingas, B. Fieldhouse and Z. Wang
Environment Canada
Ottawa, Ontario, Canada

Treuds In Oil Spills from Tanker Ships 1995-2004
K. Huijer
Intemational Tanker Owners Pollution Federation (ITOPF)
London, United Kingdom

..................... 319

Confaimlle"t Ql,d Recovery
Retelltioll et recllperatioll

Multi-track Sorbent Boom and Sweep Testing. . . . . • • . . . . • • • . • . . . . • . • .. 393
D. Cooper and A. Dumouchel C.E. Brown
SAle Canada Environment Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

Oil Decou Methuds Evaluation. . • . . . . . • . . . . • • • • . . . • • • . . . . . . . • • • . • . .. 409
D. Cooper and A. Somers C.E. Brown
SAIC Canada Environment Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

U.S. Coast Guard Implemeutation uf tbe Findiugs from the Juint
Viscous Oil Pump Workshop in December 2003 •...••••.....••..•...• 425

A. D'Amliento C. Moffatt
U.S. Coast Guard PCCI/GPC U.S. Navy
Washington, DC, U.S.A. Williamsburg, Virginia, U.S.A.

Pressure Drop through Pipe during Transfer of Viscous Oils and
Oil-Water Mixture ••.••..••...••....•••••......•••••....•......•• 437

K. Ueda and H. Yamanouchi
National Maritime Research Institute
Mitaka, Tokyo, Japan

Inclined Boom System with Hydrofoil for Waters with Waves •.•...•••... 447
K.V. Wong, M.K. Miller and A. Boccabella
University ofMiami
Coml Gables, Florida, U.S.A.

SllOrelille Protectioll alld Cleallllp
Protectioll et nettoyage des rives

Time Series Observations of Marsh Recovery and Pavement
Persistence at Three Met"la Spill Sites after 30Y, Years .••••...••••••.•• 463

E.H. Owens G. Sergy
Polaris Applied Sciences, Inc. Environment Canada
Bainbridge Island, Washington, U.S.A. Edmonton, Alberta, Canada

Developmeut of a SCAT Data Managemeut Manual .......•••....•.•..•• 473
A, Lamarche . E.H. Owens
Environmental Perfommnce and Decision Support Polaris Applied Sciences, Inc,
Montreal, Quebec, Canada Bainbridge Island, Washington, U.S.A.

G. Sergy
Environment Canada
Edmonton, Alberta, Canada



r

viii

The Prestige Oil Spill Response on the Sandy Beaches in France ...•...••.. 539
L. Kerambrun and N. Beau
Cedre
Brest, Ftance

Shoreline and Surveillance Surveys on tbe MIVSelelldallg AYII
Spill Response, Unalaska Island, Alaska •..••.••.•..••..•••..••...•.•• 509

E.H. Owens and H.A Parker-Hall G.S. Mauseth, A. Graham and T. Allard
Polaris Applied Sciences, Inc. Polaris Applied Sciences, Inc.
Bainbridge Island, Washington, U.S.A. Kirkland, Washington, U.S.A.

SboreZone Mapping for Haida Gwaii: Relevance for Spill Planning
in Nortbern British Columhia •.••••••.•...•..•.•.•...•...••...•.••.. 491

J.R. Harper N. Sloan and P. Battier
Coastal and Ocean Resources, Inc. Parks Canada
Sidney, British Columbia, Canada Queen Charlotte City, British Columbia

Abstruct
Energy and work are calculated or estimated in several laboratory vessels and

compnrcd to estimates of energy/work at sea. Some measurements completed by PIV
and ancmometry are compared to these calculated 'values. The initial measurements
and estimates indicate that the energy in several laboratory vessels is similar and that
it may be equivalent to those encountered at sea under moderate wind and wave
conditions.

Two techniques have been initiated to measure energy. The measurement
technique chosen to do this is Particle Image VeloCimetry or PIV. In this method, seed
particles - which could be oil droplets, are put into the fluid and the fluid is
illuminated with a laser at one of 4 chosen wavelengths. The movement of a particle
in a given cell is measured as a function of time. This can occur as fast as 30 Hz.
Turbulent energy can be calculated at each point in the image frame. The other
method used is the method of using hot wire anemometry. This method can yield data
similar to PIV, however requires the intrusion of a probe into the area.

The methods are compared in several laboratory vessels under several energy
conditions. This year's work includes new measurements in several apparatuses.

Measurement of Energy in Laboratory Vessels·III

Merv Fingas
Emergencies Science and Technology Division

Environmental Technology Centre
Environment Canada

Ottawa, Ontario
Email: Fingas.Merv@etc.ec.gc.ca

1 Introductinn
An important aspect of oil spill processes is the energy applied to the oil on

the water surface. The energy and work applied is known to effect the kinetics of
water-in-oil emulsion (Fingas et aI., 2001). Further, it has been found that energy is
critical in understanding the effectiveness of chemical dispersion of oil (Fingas et aI.,
1996). This paper reports on initial measurements of energy and work using modem
techniques. Emphasis has been placed on studying the kinetic energy and turbulence
in small laboratory apparatuses because that turbulent energy is felt to be the most
important fonn of energy related to emulsion formation and dispersion.

Turbulence is the fluctuation of velocity (Tennekes and Lumiey, 1972). If a
velocity assemblage is viewed, the description of the overall velocity is given as:

U = U + u· (i)

where U is the overall velocity component

U is the average or constant velocity

U is the fluctuating component or turbulence.
The intensity of turbulence is given by:

1= (u'.+ v' + w')" (2)
Where I is the turbulence intensity
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Abstract
A multi-agency project on site restoration after a terrorist attack is reviewed.

The objective of the project is to gather and compile information on and subsequently
test and validate all known procedures for restoration of areas including interiors and
exteriors of buildings, the interior contents of buildings, and areas adjacent to
buildings. such as parking lots, lawn, vehicles, etc. This includes the air inside the
building and the surfaces contaminated. The restoration includes pickup, neutralization,
decontamination, removal and final destruction/deposition of the contaminant,
cleaning/neutralization material and contaminated waste from decontamination.
resulting from the act. Further, the project is intended test existing concepts and to
develop new ideas for application to restoration.

The laboratory scale experiments consist of testing, using standard laboratory
techniques, the efficacy of some of the proposed concepts. Radiation decontamination
is a two-step proposal consisting of removal and concentration/removal of the
radioisotopes{rom the removal fluid. An important part of the project is the testing of
the remaining candidate procedures on a small scale. NATO and DRDC-Suffield have
developed 'standard' tests with a small surface token. The testing of targel chemicals is
being conducted at the Environment Canada facility in Ottawa, the biological agents at
the Health Canada facility in Winnipeg and Ottawa, and the radiological agents at the
radiological facilily at DRDC-Ottawa. The fourth phase is the preparation of
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Compte Rendu

Le vingt-neuvieme Colloque technique du programme de lutte contre les deversements
d'hydrocarbures en mer et dans l'Arctique (AMOP), incluant la vingt-troishlme Session sur
les deversements de produits chimiques (TSOCS) et Ie septieme Colloque sur les solutions
biologiques pour la depollution, la restauration et la rehabilitation (BIOSLORl

).

du 6 au 8 juin 2006
Hotel Coast Plaza

. Vancouver (Colombie Britannique) Canada

Le Colloque technique est commandite par Ie Division les urgences - science et technologie,
Direction generale des sciences et de la technologie d'Environnement Canada.

Cover Photograph
On December 10, 2005, the Bahamain-registered container vessel CP Valour (15,145 GT)
went aground ofJFaial Island in the Azores. Fuel oil leaked into the bayfrom the vessel's
damaged bunker tanks, but contamination was confined to the bay by the prevailing onshore
wind. The sandy beach was cleaned by local labour. The remaining bunkerfuel was pumped
ofJthe vessel and the containers ofhazardous cargo were removed by helicopter. The vessel
is being dismantled on site which should be completed by August 2006. (Photo courtesy of
the International Tanker Owners Pollution Federation, ITOPF, London, UK.)

Pbl!to I:ouverture
Le 10 decembre 2005, Ie porte-conteneurs CP Valour enregistre aux Bahamas Oauge brute,
15 145 tx) s 'echoue au large de l'ile de Faial, dans les A90res. De ses soutes endommagees
lefioul s 'echappe dalls la baie, mais, grace au vent du large, la pollution n 'ira pas plus loin.
Une main-d'amvre locale nettoie la plage de sable. Le reste du fioul est recupere par
pompage. et on transporte par helicoptere la cargaison de conteneurs en peril. La
demolition du navire sur place sera terminee en aout 2006. (photo reproduite avec I'aimable
autorisation de l'Intemational Tanker Owners Pollution Federation [ITOPF], Londres)
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A Review of Knowledge on Water-in-Oil Emulsions

Merv Fingas and Ben Fieldhouse
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Fingas.Merv@etc.ec.gc.ca

Abstract
Fifteen years of studies have yielded extensive data on water-in-oil emulsions.

Studies have been conducted at laboratory, test tank and field scale. Good correlation
between results have been achieved between the studies. Test results on about 400 oils
and petrnleum products are reported. Literature corroborates these studies.

I! has been found that emulsions can be grouped into three categories: stable,
unstable and meso-stable. Each of these has distinct physical properties. For
example, the viscosity of a stable emulsion at a shear rate of one reciprocal second is
at least three orders-of-magnitude greater than that of the starting oil. An unstable
emulsion usually has a viscosity no more than two orders·of-magnitude greater than
that of the starting oil. The zero-shear-rate viscosity is at least six orders-of
magnitude greater than the starting oil for a stable emulsion. For an unstable
emulsion, it is usually less than two or three orders-of-magnitude greater than the
viscosity of the starting oil. And finally, a stable emulsion has a significant elasticity,
whereas an unstable emulsion does not.

The stability of emulsions has been studied by examining their asphaltene
content and secondarily, their resin content. Results are reported showing that
asphaltenes and resins are responsible for stability. Asphaltenes by themselves can
stabilize emulsions and are primarily responsible for water· in-oil emulsion formation.
It is also shown that the content of other materials such as waxes is irrelevant to the
basic formation process. The stability of any emulsion created from an oil can be
predicted by its asphaltene content and, to a secondary degree, by its viscosity. It is
noted that given the correct chemical composition, primarily asphaltenes, a minimum
of sea energy is needed. I! was found that emulsion formation occurs at a threshold
energy, however this energy. has been defined only in terms ofrelative sea state.

A new numerical modelling scheme was proposed recently. This model was
based on empirical data and the corresponding physical knowledge of emulsion
formation. The density, viscosity, saturate, asphaltene and resin contents were used to
compute a class index which yields either an unstable or entrained water-in-oil state
or a meso-stable or stable emulsion.

1. Introduction
Emulsification is the process whereby water-in-oil emulsions are formed.

These emulsions are often called "chocolate mousse" or "mousse" by oil spill
workers. When emulsions fonn, the physical properties and characteristics of oil
spills change extensively. For example, stable emulsions contain from 60 to 80%
water, thus expanding the spilled material from 2 to 5 times the original volume. The
density of the resulting emulsion can be as great as 1.03 glmL compared to a starting



ii

Notice
The papers in. these Proceedings are published as submitted by the authors. All papers have
been peer reviewed. Any statements or views presented here are those of the authors.
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

Inquiries about the technical content ofpapers in this seminar should be directed to the
author(s). Information about the seminar in general is available from:

Emergencies Science and Technology Division
Science and Technology Branch
EnvirOilmental Technology Centre
Environment Canada
335 River Road
Ottawa, Ontario, KIA OH3 Canada

Phone: (613) 998-9622
Fax: (613) 991-9485
www.etcentre.orglnews!conferences_e.htrnl

Copies of these Proceedings or those from past Technical Seminars are available from the
above address or e-mail david.roy@ec.gc.ca.

Avis
Les textes conten~s dans Ie present document sont publies tels que presentes par les auteurs.
Tous les rnanuscnts ont etc arbitres. Les declarations et opinions apparaissant dans ce
documcn~ s~nt celles de~ aute~s et toute me~tion.de marques de commerce ou de produits
commerClaltscs ne constItue m une approbation 111 une reconunandation de son emploi.

T.oute demande d'information relative au contenu technique des textes devrait etre dirigee
dlrectement aupres des auteurs concerncs. En generale, toute demande relative au CoUoque
devrait etre adressee a:

Division des urgences - science et teclmologie
Direction generate des sciences et de Ia technologie
Centre de technologie environnementale
Environnement Canada
335, chemin River
Ottawa (Ontario) KIA OH3 Canada

Tel. : (613) 998-9622
Fax: (613) 991-9485
www.etcentre.org!news!conferences_f.htrnl

Pour obten~r ces comptes rendues ou celles d'anciennes conferences d'AMOP contactez
l'adresse cl-haut ou par courriel adavid.roy@ec.gc,ca. '

Volume 2
Table of Contents
Table des matieres

Tee/Illieal Sellli"ar 0" CheRlieal Spills (TSOCS)
Le eolloque lec/Illique sur les produils eMllliques

The Evolution ofthe U.S. Environmental Protection Agency's
National Approach to Response: From the 1968 National
Contingency Plan to the 2004 National Response Plan ••..••••••..••••••
R. Turpin
U.s. Environmental Protection Agency
Edison, New Jersey, USA

Chemical Spill Modeling and Spill Hazard Evaluation
of the Most Frequently Spilled Chemicals ..••.••••••••..•••...••.•••••
N. Whittier and D. French McCay
Applied Science Associates Inc.
Narragansett, Rhode Island, U.S.A.

Status of the Implementation of Environment Canada's
Environmental Emergencies Regulations ••••••••.•••••••..•••••....••
P.M. Rudin~Brown and K. Ketcheson
Environment Canada
Gatineau, Quebec, Canada

Selection ofBioaccumulation Criteria for Environmental
Emergency (E2) Planning ..
K. Ketcheson, K. Hradecky, M. Gagne and M. St_Amant~Verret
Environment Canada
Gatineau, Quebec, Canada

Portable Photo-ionization Detectors: Improvements to
a Time-Tested Tool •..••••••.•••.•..•••••••••••••••...••••.•..•.••
M. Goldtholp, P. Lambert and M. Fingas,
Environment Canada
Otta..",a, Ontario, Canada

Dioleaching of Heavy Metals from Soil Using Fuugal-Organic
Acids: Dench Scale Testing .
S.J. Cathum, D. Ousmanova, A. Somers C.E. Brown
and M. Punt Enviromnent Canada
SAIC Canada Ottawa, Ontario, Canada
Ottawa, Ontario, Canada

Proposed Amendments for Environmental Emergency Regulations Under
Section 200 of CEPA 1999 .
K. Ketcheson and J. Shrives
Environment Canada
Oatineau. Quebec, Canada

547

551

571

577

587

597

621



iv v

Evaluatiou of the lufteou Hapsite Portable GC/MS System •..•••..••••... 635
K. Li, M. Goldthorp and M. Fingas
Environment Canada
Ottawa, Ontario, Canada

Impact of Regulated Euvironmental Emergency Substances ...••••••..•.. 655
K. Hradecky, K. Ketcheson and J. Shrives
Enviromnent Canada
Gatineau, Quebec, Canada

Solvent Impregnated Resins for tbe Treatment of Arsenic
Contaminated Water: On-Site Evalnation Testing •••••••••.••.•••....•• 673
S. Cathum, A. Dumouchel, A. Obenauf, C.B. Brown
R. Focht and M. Punt Environment Canada
SAle Canada Ottawa, Ontario, Canada
Ottawa, Ontario, Canada

Spill Modellillg
Modelisalioll des deversements

Data Needs to Reliably Hlndeast a Spill's Impact: The PEPCO
Pipeline SplU of April 2000 as Case Example •.••••••••••••.••••••••.••• 827
D. French McCay, J.J. Rowe D. Schmidt Etkin

and S. Sankarnnarayanan Environmental Research Consulting
Applied Science Associates, Inc. Cortlandt Manor, New York, U.S.A.

Narragartsett, Rhode Island, U.S.A.

Modeling Potential Impacts of Effective Dispersant Use on Aquatic Biota ••• 855
D. French McCay and J.J. Rowe W. Nordhausen
Applied Science Associates, Inc. California Department ofFish & Game
Narragansett, Rhode Island, U.S.A. Office ofSpill Prevention and Response

San Diego, California, U.S.A

J.R, Payne
Payne Environmental Consultants, Inc.
Encinitas, California, U.S,A.

Icebreaker Enhanced Chemical Dispersion of Oil Spills •••••.•.•••••...•• 711
W. Spring and T. Nedwed R. BelOTe
ExxonMobil Upstream Research SL Ross Environmental Research Ltd.
Houston, Texas, U.S.A. Ottawa, Ontario, Canada

Oil Spill Dispersion Stability and Oil Re-snrfacing •••••••••••••••••••••• 729
M. Fingas 1. Ka'aihue
Environment Canada Prince William Sound Regional
Ottawa, Ontario, Canada Citizens' Advisory COWlcil

Anchorage, Alaska, U.S.A.

The Effectiveness of Dispersants on Alaska North Slope
Crude Oil under Varions Temperature and Salinity Regimes ......•.••••. 821
M. Fingas, B. Fieldhouse and Z. Wang ,
Environment Canada
Ottawa, Ontario, Canada

Oil Spill Treating AgeJlts
Agents de traitementpOllr les deversemellts d'hydrocarhures

Mid-Scale Test Tank Research on Using Oil Herding Snrfactants
to Thicken Oil Slicks in Pack Ice: An Update .........•••......•••..•••• 691
I. Buist and S. Potter P. Meyer
8L Ross Environmental Research Ltd. Ohmsett Facility
Ottawa, Ontario, Canada Leonardo, New Jersey, U.S.A.

State-of-tbe-art Review of Modelling Oil Transport and
Spreading in Ice Covered Waters ••••..••••••••••••........•••.••••.•. 893
P.D. Yapa and L.K. Dasanayaka
Department ofCivil and Environmental Engineering
Clarkson University
Potsdam, New York, U,S.A.

Modelling to Evaluate Effectiveness of Variations
In Spill Response Strategy •••••.•....•.•••....••••..•.....••...•••... 879
D. Schmidt Etkin D. French McCay and J. Rowe
Environmental Research Consulting Applied Science Associates, Inc.
Cortlandt Manor, New York, U.S.A. Narragansett, Rhode Island, U.s.A.

Oil Spill Remote Sensing Flights Around Vancouver Island ...••••..•••••• 921
C.E. Brown, M. Fingas and R, Marois
Environment Canada
Ottawa, Ontario, Canada

Detection, Tracking and Remote Sellsillg
Deteclion, depistage et telidetectioll

Airborne Measurement of Oil Slick Thickness ••••••••..•....•••..•••••• 911
C.E, Brown and M, Fingas J.-P. Monchalin, C, Neron and
Environment Canada C. Padioleau
Ottawa, Ontario, Canada National Research Council Canada

Boucherville, Quebec, Canada

J. Mullin
Minerals Management Service
Herndon, Virginia. U.S.A.

L. Zabilansky
CRREL
Hanover, New Hampshsire, U.S.A.



vi

RADARSAT·l Synthetic Apertnre Radar Analysis
for MIV Selemlallg Ayu Oil Spill •....•••..•.••••...••.•...•.••••.•••.. 931
D. Simecek-Beatty W.O. Pichel
National Oceanic and Atmospheric Administration National Oceanic and Atmospheric Administration
Seattle, Washington, U.S.A. Camp Springs, Maryland, U.S.A.

US Coast Guard Laser Fluorosensor Testing ...•••..•.••••••..••.....•. 951
l.W. Fant and K.A. Hansen
U. S. Coast Guard Research & Development Center
Groton, Connecticut, U.S.A.

Special SessIon - Hurricanes
Session speciale - Ouragans

Oil Spills and Other Issnes in the Mtermath of Hurricanes
Katrina and Rita: An Overview ..•••••...••••.••.•••••••••...••.••••.. 965
D.W. Davis
Louisiana State University
Baton Rouge, Louisiana, U.S.A.

In Situ Burn and Initial Recovery of a South Lonisiana
Intermediate Marsh " 977
J. Myers
Chevron Energy Technology Company
Houston, Texas, U.S.A.

From the Incident Command Center Oil Spills
from Hurricanes Katrilla and Rita •••.••.••••••••••••....••••.••••••• 989
R.J. Guidry
Louisiana Oil Spill Coordinator's Office
Baton Rouge, Louisiana, U.S.A.

Recent Spill Experiences
Experiences recentes de deversements

Long-term Transport of Oil from TIB DBL-152: Lessons Learned
for Oils Heavier than Seawater 1003
c.J. Beegle·Krause. C.H. Barker, G. Watabayashi
andW. Lehr
National Oceanic and Abnospheric Administration
Seattle, Washington, U.S.A.

r
I
1 vii

Posters wltlt Paper
Preselltatiolls par afJicltes, avec articles

Mathematical Simulation of Oil Hydrocarbon Decomposition in
Waters of Aniva Bay (Sakhalin Island, Russia) •••.••....••••••••••.•. 1033
A.V. Leonov V.M. Pishchal'nik
Institute ofOceanology Far Eastern Geological Institute
Russian Academy of Sciences Russian Academy of Sciences
Moscow, Russia Yuzhno-Sakhalinsk, Russia

Natural and Anthropogenic H)'drocarbons
in the White Sea Ecosystem 1055
I.A. Nemirovskaya and V. Shevchenko A. Bogunov
P.P. Shirshov Institute of Oceanology Arkhangelsk Branch ofRosmorport
Russian Academy of Sciences State Enterprise
Moscow, Russia Arkhangelsk, Russia

A Discussion ou the Use of Oil Spill Treating Agents in Canada •..•••••. 1077
P. Lambert, B. Fieldhouse and M. Fingas
Enviromnent Canada
Ottawa, Ontario, Canada

Phytoremediatiou of Explosives from Laboratory to Real Application.... 1087
T. Van~k, Z. Vavrikova, A. Gerth A. Gerth
and R. Podlipna BioPlanta GmbH
Institute ofOrganic Chemistry and Biochemistry Leipzig, Germany
Czech Academy ofScience
Czech Republic

Evaluation of Peroxidases from Roots of Cyperlls lzermaphroditlls
as Enzymatic Mechanisms Involved in Phenanthrene Oxidation. . . •••••• 1105
A. Guerrero ZUfiiga
Instituto Mexicano del Petr6leo
Mexico City, Mexico

Wabamum: A Major Inland Spill
R. Goodman
Innovative Ventures (ivl) Ltd.
Cochrane, Alberta, Canada

1021



'.~.'

l....

Volume 1,
,-

Proceedings
Thirtieth Arctic and Marine Oilspill Program (AMOP) Technical Seminar, including
sessions for the Twenty-fourth Technical Seminar on Chemical Spills (TSOCS) and the
Eighth Biological Solutions for Site Remediation, Restoration and Rehabilitation
(BIOSOLR3

) Symposium

June 5 to 7, 2007
Fantasyland Hotel
Edmonton, Alberta, Canada

The Technical Seminar is sponsored by the Emergencies Science and Technology Division,
Science and Technology Branch of Environment Canada.

Volume 1
Compte-rendu

Trentieme Colloque technique du Programme de lutte contre les deversements
d'hydrocarbures en mer et dans l'Arctique (AMOP), incluant la vingt-quatrieme Session sur
les deversements de produits chimiques (TSOCS) et Ie huitieme ColIoque sur les solutions
biologiques pour la depollution, fa restauration et la rehabilitation (BIOSOLR3)

Du 5 au 7 juin 2007
Hotel Fantasyland
Edmonton (Alberta) Canada

Le Colloque technique est commandite par Ie Division les urgences - science et technologie,
Direction generale des sciences et de la technologie d'Environnement Canada,

Cover Photograph
The MSC Napoli is shown beached in Lyme Bay offthe Dorset coast ofEngland on January
20, 2007. This occurred while the 62, DOD-tonne container ship was being towed to safe
haven after being damaged during a storm at sea. The Napoli carried approximately 3,500
tonnes ofheavyfuel oil which were safely transferred offthe ship.
Photo courtesy ofthe Maritime and Coastguard Agency (MSA)

Photographie de couverture
Le MSC Napoli s 'est echoue en baie de Lyme au large des cotes du Dorset, en Angleterre, Ie
20janvier 2007. Ceci a eu lieu a/ors que Ie porte-conteneurs de 62 000 tonnes se faisait
remorquer Ii bon port apres avoir ete endomrnage par une ternpete en mer. Le Napoli
transportait approxirnativement 3 500 tonnes de rnazoutlourd qui ont ere transferees du
bateau en toute slkurite.
Avec la gracieuse permission de la Maritime and Coastguard Agency (M~.A) 'co'
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Abstract .
Oils are very complex mixtures of hydrocarbons resulting in somewhat unique

oil properties for every oil. Some ofthis uniqueness may be bourne out in the simple
properties such as density and viscosity, others not. The solution to this uniqueness in
the past has been to model oils on typical characteristics such as light crude oil,
medium crude oil, etc. Another method has been to use very specific erode oil data.
When an oil or petroleum product is spilled there often is a need to be able to predict
oil behaviour with only simple data such as density or viscosity, until more
comprehensive data can be found,.

Often oil behaviour parameters such as for evaporation, emulsification and
chemical dispersion, are needed and specific behavioural data are not available.
Despite the growth ofoil property data bases, and initially at least, little data on some
spilled oils are available. Often only basic data such as density, and viscosity are
available. This paper presents a series of simple schemes to provide prediction for oil
evaporation, emulsification and chemical dispersion given readily-available data.
Schemes for prediction are given using only density and viscosity and then adding
SARA and other composition data. As the input data amount is increased, more
accuracy in the estimations are achieved.

The estimation schemes are compared to the measured data available and also
to the use ofgeneric oil types sometimes used in models such as 'light or heavy crude
oil'. It was found that the accuracy of these estimation schemes are more accurate
than the traditional predictions based on generic oil types.

1 Introduction ,
An important tool in oil spill planning and response is oil spill modeling. Oil

spill modeling relies on algorithms that require a number of oil property inputs.
Sometimes these inputs are not readily available, especially at the time ofa spill. It is
the focus ofthis paper to report on the development ofsimple estimators to predict oil
evaporation, emulsification and chemical dispersion, using only density and viscosity.
Density and viscosity are often the only data available at the time of the spill. The
algorithm development will be described with the background of the significance of
spill processes and more detailed behaviour prediction alg'orithms, sometimes using
more sophisticated chemical data inputs.

The behaviour ofoil in the environment is largely dictated by its chemical
composition. Oil composition data that are relatively available include the SARA or
Saturates, Aromatics, Resin and Asphaltene contents. As will be shown later,
sometimes these data are not sufficient to yield a truly accurate prediction. More
detailed compositional data are available for only a few oils (Oil Catalogue, 2007).

The most important behavioural aspect is felt to be evaporation. Evaporation



ii

Notice
The papers in these Proceedings are published as submitted by the ~uthors. All papers have
been peer reviewed. Any statements or views presented here are those ofthe authors.
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

Inquiries about the technical content of papers in this seminar should be directed to the
author(s). Information about the seminar in general is available from:

Emergencies Science and Technology Division
Science and Technology Branch
Environmental Science and Technology Centre
Environment Canada
335 River Road
Ottawa, Ontario, KIA OH3 Canada

Phone: (613) 998-9622
Fax: (613) 991-9485
www.etc-cte.ec.gc.calnews/conferences_e.html

Copies ofthese Proceedings or those from past Technical./Seminars are available from the
above address or e~mail david.roy@ec.gc.ca.

Avis
Les textes contenus dans Ie present document sont publies tels que presentes par les auteurs.
Taus les manuscrits ant ete revises (par des pairs). Les declarations et opinions apparaissant
dans ce document sont celles des auteurs et toute mention de marques de commerce all de
produits commercialises ne constitue ni one approbation ni one recommandation de leur
emploi.

TOllte demande d'information relative au contenu technique des textes devrait etre dirigee
directement aupres des auteurs concernes. TOllte demande relative au colloque en generale
devrait etre adressee a:

Division des urgences - science et technologie
Direction generale des sciences et de la technologie
Centre de science et technologie environnementale
Environnement Canada
335, chemin River
Ottawa (Ontario), KIA OH3 Canada

Tel.: (613) 998-9622
Fax: (613) 991-9485
www.etc-cte.ec.gc.calnews/conferences_f.html

Pour obtenir ces comptes-rendus ou ceux d'anciennes conferences de I'AMOP, veuillez vous
adresser aux coordonnees ci-dessus all par courriel adavid.roy@ec.gc.ca.

Volume 2.
Table of Contents
Table des matii~res

Technical Seminar on Chemical Spills (TSOCS)
Colloque technique sur les produits chimiques

Development of XRF for In-situ Use in Spill Response and
Contaminated Site Investigations. 00 ••• 00 ••• 00 ••••••••• 00 ••••• 00 • • • •• 489
M. Goldthorp and P. Lambert
Environment Canada
Ottawa, Ontario, Canada

Statistical Planning for Chemical Releases: The Chemical
Threat Analysis Planner ',00 •••••• 00 00 00 • 00' ••••••••••••• 00. 499
C.H. Barker B. Connolly
National Oceanic and Atmospheric 1M. Systems Group, Inc.

Administration Rockville, Maryland, U.S.A.
Seattle, Washington, U.S.A.

Evaluation of the Thermo X-Series II ICP-MS for Metal
Analysis in Water ......•.....••... 00 • 00 • 00 00 00 ••••• 00 ••••• 00 ••• 00' 515
W. Kuang C.E. Brown and K. Li
SAIC Canada Environment Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

Use of the Dynatherm ACEM 900 Sorhent Tuhe Thermal Desorption
System for Air Monitoring • 00 ••••••••• 00 • 00 00 •••••••••••••• 00 • • .. •• 527
K. Li and C.E. Brown W. Kuang
Environment Canada SAIC Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

The Workshop on Risk Assessment Practices for Hazardous
Substances Involved in Accidental Releases .•..•..••....•.........•... 543
A. Hazra, J. Shrives, and K. Ketcheson
Environment Canada
Gatineau, Quebec, Canada

Canada's Chemicals Management Plan for Managing Substances
of Concern to Hnmans and the Environment .. • . . . . . . • • . . . • • . . • . . . . . .. 561
K. Hradecky, A. Hazra, K. Ketcheson,
and C. Laviolette

Environment Canada
Gatineau, Quebec, Canada

Response to a Hydrochloric Acid Release: A Case Study .•...•.......... 573
R. Wheeler
Environment Canada
Toronto, Ontario, Canada



iv v

A Proposed Metbod for Computing Re-suspension of Submerged Oil ....•. 755
D. Simecek-Beatty .
National Oceanic and Atmospheric Administration
Seattle, Washington, U.S.A.

Special Session - DRDC Field Trial
Session speciale - Demonstration sur Ie terrain (0 RDDC)

Field Demonstration of CBRN Building Decontamination Technologies ••.. 769
K. Volchek and M.F. Fingas G. Thouin
Environment Canada SAIC Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

Evaluation ofField-Collected Drifter and Subsurface Fluorescein
Dye Concentration Data and Comparisons to High Frequency Radar
Surface Current Mapping Data for Dispersed Oil Transport Modeling ..... 681
J.R~e E.Th~I~M.~M.~,W.Mi~l~n,

Payne Environmental Consultants, Inc. and A. Chen
Encinitas, California, U.S.A. Scripps Institution of0 ceanography

La Jolla, California, U.S.A.

P. Lynch and P. Sanchez
Marine Spill Response Corporation
San Diego, California, U.S.A.

Evaluation of Field-Collected Data Measuring Fluorescein Dye
Movements and Dispersion for Dispersed Oil Transport Modeling .....••.. 713
D. French-McCay, C. Mueller, K. Jaydo, E. Terrill, M. Carter, M. Otero, and S.Y. Kim
B. Longval, and M. Schroeder Scripps Institution ofOceanography

Applied Science Associates, Inc. La Jolla, California, U.S.A.
Narragansett, Rhode Island, U.S.A.

W. Nordhausen and M. Lampinen
California Department ofFish and Game
San Diego, California, U.sA.

W. Nordhausen, R Lewis, M. Lampinen,
and T. Evans

California Department ofFish and Game
San Diego, California, U.S.A.

G.L. Via, H. Ruiz-Santana, M. Maly,
B. Willoughby, and C. Varela

U.S. Coast Guard Pacific Strike Team
Novato, California, U.S.A.

C. Ohlmann
University of Califomia
Santa Barbara, California, U.S.A.

D. French McCay, C. Mueller, and K. Jayko
Applied Science Associates, Inc.
Narragansett, Rhode Island, U.S.A.

J.R. Payne
Payne Environmental Consultants, Inc.
Encinitas, California, U.SA.

C. Ohlmann
University ofCalifornia
Santa Barbara, California, U.S ,A.

Spill Modelling
Modelisation des deversements

The Role of Decontamination Science in Canada's Emerging
Public Security Science Strategy •.•.•................................ 619
N. Yanofsky K. Volchek
Defence Research and Development Canada Environment Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

A Summary of Environment Canada's Experieuce with
Analyzing "Unknown White Powders" ......••........................ 609
P. Lambert and M. Goldthorp
Environment Canada
Ottawa, Ontario. Canada

A Two-phase and Diffusion Transport Model for the Migration of
High-density Organic Liquids in Heterogeneous Aquifers ....•••......... 625
A.N. Chekalin. M.G. Khramchenkov,
and V.M. Konyukhov
Kazan State University
Kazan, Tatarstan, Russia

Unique Physics of LNG Spills •.....•.........•••...............••••.• 637
W. Lehr
National Oceanic and Atmospheric Administration
Seattle, Washington, U.S.A.

NOAA Safe Seas Exercise 2006: New Data Streams, Data
Communication and Forecasting Capabilities for Spill Forecasting 645
C.J. Beegle-Krause, C. O'Connor, C. Childs
G. Watabayashi, and I. Zela University ofWashington

National Oceanic and Atmospheric Administration Seattle, Washington, U.S.A
Seattle, Washington, U.S.A.

Using Analytical Models to Assess the Benefits of Oil Spill
Response Technology ...........•..........•....................•... 657
D. Schmidt Etkin D. French McCay and J. Rowe
Environmental Research Consulting Applied Science Associates, Inc.
Cortlandt Manor, New York, U.S.A. Narragansett, Rhode Island, U.S.A._

Kinetics of Sorption of Arsenic on Natural and Eugineered
Sorptive Media using ICP-MS .............•...•...•.•..•........... 593
SJ. Cathum, A. Dumouchel, and M. Punt C.E. Brown
SAle Canada ' Environment Canada
Ottawa, Ontario. Canada Ottawa, Ontario, Canada

Evaluation of Large-scale Decontamination of Surfaces 791
G. Thouin, S. Harrison, and W. Kuang K. Volchek, M.F. Fingas, and K. Li
SAle Canada Environment Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada



vi

Utilizing Trace Atmospheric Gas Analyzer (TAGA) Triple
Quadrupole Technology to Provide Downwind Compound
Concentrations and Emission Rate Determination during a
Field Demonstration of Chemical Decontamination Technologies .•••...... 811
0.8. Mickunas and E. Synder R. Turpin l

U.S. Environmental Protection Agency U.S. Environmental Protection Agency
Research Triangle Park. North Carolina, U.S.A. Edison, New Jersey, U.S.A.

J. Wood
Lockheed Martin Response Engineering and
Analytical Contract

Edison, New Jersey, U.S.A.

Indoor Air Sampling at the DRDC Suffield Decontamination Exercise •.... 823
E. Synder, 0.8. Mickunas, and L. Mickelsen
U.S. Environmental Protection Agency
Research Triangle Park, North Carolina, U.S.A.

Real-time Measurement of Vapour Concentrations and Emissions
from a Test Structure during Chemical Agent Dissemination
and Decontamination 833
M. Goldthorp, P. Lambert, M.F. Fingas,
and K. Volchek

Environment Canada
Ottawa, Ontario, Canada

Health and Safety Concerns While Restoring a Chemically
Contaminated Structure .••.•••.......••....•.••.......•.....•..•... 851
P. Lambert, M. Goldthorp, K. Li, M.F. Fingas.
and K. Volchek

Environment Canada
Ottawa, Ontario, Canada

Building Decontamination for Infectious Agents: A Technology
Demonstration ....•............•....•..••..............••.....•.•. 883
T.e. Lumley D. Laframboise, P. Payette, and S. McKinnon
Environment Canada Office of Laboratory Security
Ottawa, Ontario, Canada Public Health Agency ofCanada

Ottawa, Ontario, Canada

J. Krishnan, 1. Berry, M. Majcher, K. Bernard,
and G. Fey

National Microbiology Laboratory
Public Health Agency ofCanada
Winnipeg, Manitoba, Canada

vii

Posters witll Paper
Presentations par afjiclles avec articles

Water-in-Crude Oil Emulsion Formation and Stahility for
Crude Oils in Fresh, Brackish and Salt Water 897
B. Fieldhouse
Environment Canada
Ottawa, Ontario, Canada

Study of Hydrocarhons in Bottom Sediments of the Northern Dvina
River-White Sea Geochemical Barrier during Spring Flood .••.•......•••• 911
I.A. Nemirovskaya and V. Shevchenko
P.P. Shirshov Institute of Oceanology
Russian Academy of Sciences
Moscow, Russia



Volume 1
Proceediugs of the Thirty-first AMQP Techuical Seminar

on Environmental Contamination and Response

June 3 to S, 2008
'Fairmont Palliser Hotel

Calgary, Alberta, Canada

The Technical Seminar is sponsored by the Emergencies Science and Technology Division,
Science and Technology Branch ofEnvironment Canada.

Volume 1
Compte rendu du Trente-et-unieme Colloque technique de l'AMOP

Contamination de l'enviroDnement et intervention

Du 3 au 5 juiu 2008
Hotel Fairmont Palliser

Calgary (Alberta) Canada

Le Colloque technique est commandite par la Division des urgences - Science et technologie,
Direction generale des sciences et de la technologie d'Environnement Canada.

Cover Photograph
This photo shows a barge used,to 'remove wastes from an inaccessible beach after a large oil
spill almlg the coast oJSouth Korea. On December 72007, a SOllth Korean crane barge
crashed into the 147,OOO-tOfl Chinese oil tailker, th.e Hebei Spirit, rippillgthree holes in the
tanker's hull and spilling 10,000 tonnes ojcrude oil into South Korean waters. The spill
triggered a huge cleanup effort along 200 kilometres ojbeaches. Experts fi'om Environment
Canada and the Canadian Coast Guard responded to South Korea's callJor help by
providing technical support and expertise to aid in the disaster assessment and cleanup
efforts. (photo courtesy of Roger Percy, Environment Canada)

Photographie de la couverture
Cette photo montre line barge utilisee pour enlever les dechets d 'une plage inaccessible
apres 1m important deversement de petrole Ie long des cotes de Coree du Slid. Le 7decembre
2007, une barge-grlle slld-coreenlle est entree en collision avec Ie Hebei Spirit, un petrolier
chinois de 147 000 tonnes, dechirant la coque du petrolier en trois endroits et provoquant Ie
deversement Ie 10000 tolmes de petrole brut dans les eaux sud-coreennes. En a resutte un
enorme travail de nettoyage sur 200 kilometres de plage. Des specialistes d'Environllement
Canada et de la Garde cotiere canadienne ont repondu aI'appel de la Coree du Sud en
apportant soutien technique et expertise aui travaux d'evaluation du desastre et de
depollution. (photo reproduite avec l'aimable autorisation de Roger Percy, Enviroimement
Canada)

PROPERT':' OF
NOAA Library E/OC43

7600 Sand Point Way Nt,
Sao_wok, VVA 98115-0070



Notice
The papers in these Proceedings are published as submitted by the authors. All papers have
been peer reviewed. Any statements or views presented here are those of the authors.
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

Inquiries about the technical content ofpapers in this seminar should be directed to the
author(s). Infonnation about the seminar in general is available from:

Volume 1
Table of Contents
Table des matieres

Physical and Chemical Properties and Behaviour of Oil Spills
Comportement et caracteristiques physiques et chimiques

des deversements d'hydrocarbures

Water-in-Oil Emulsions: Studies on Water Resolution and Rheology Over Time .•••
Merv Fingas Benjamin Fieldhouse
Edmonton, AB Environment Canada
Canada Ottawa, ON, Canada

Physical Properties of OiI-SPM Aggregates: Experiments with the NIST Standard
Reference Material 1941b .••.•...•..•.•••.•...••.•..••.••.•••.•••••••.••.• 35
Ali Khelifa and Carl Brown Michelle Chun and Jonathon L.E. Eubank
Environment Canada University of Waterloo
Ottawa, ON, Canada Waterloo, ON, Canada

Wave Tank to Simulate the Movement of Oil under Breaking Waves ••.••••.••.. 53
Danis Botrus, Michel C. Boufadel, James W. Weaver
and Erik Wickley-Olsen U.S. Environmental Protection Agency
Temple University Athen~ GA, USA
Philadelphia, PA, USA

Emergencies Science and Technology Division
Science and Technology Branch
Environmental Science and Technology Centre
Environment Canada
335 River Road
Ottawa, Ontario, KIA OH3 Canada

Phone: (613) 998-9622
Fax: (613) 991-9485
www.etc-cte.ec.gc.calnews/conferences_e.html

Copies of these Proceedings or those from past Technical Seminars are available from the
above address or e-mail SpillSeminars@etc.ec.gc.ca.

Avis
Les textes contenus dans Ie present document sont publies tels que presentes par les auteurs.
Tous les manuscrits ont ete revises. Les declarations et opinions apparaissant dans ce
document sont celles des auteurs et toute mention de marques de commerce ou de produits
comrnercialises ne constitue ni une approbation ni une recommandation de leur emploi.

Toute demande d'information relative au contenu technique des textes devra etre adressee
directement aux auteurs concernes. Toute demande relative au colloque en general devra etre
adressee ala :

. Rich Weggel
Drexel University
Philadelphia, PA, USA

Ken Lee
Fisheries and Oceans Canada
Dartmouth, NS, Canada

Albert D. Venosa
U.S. Environmental Protection Agency
Cincinnati, OH, USA

Division des urgences - Science et technologie
Direction generale des sciences et de Ia technologie
Centre des sciences et technologies environnementales
Environnement Canada
335, chemin River
Ottawa (Ontario) KIA OH3 Canada

Tel. : (613) 998-9622
Telee.: (613) 991-9485
www.etc-cte.ec.gc.calnews/conferences_f.html

Pour obtenir ces comptes rendus ou ceux d'anciens colloques de l'ANIOP, veuillez vous
adresser aux coordonnees ci·dessus ou par courriel aSpiIlsSeminars@etc.ec.gc.ca.

ii

Research on Weathering and Biomarkers in Heavy Fuel Oil . • • . • • • . • • . • . . • . . • •. 69
Qimin Ma and Zhanglin Li Zhigang Yu
College of Environmental Science College of Chemistry and Chemical
and Engineering Engineering
Ocean University of China Ocean University of China
Qingdao, Shandong, China Qingdao, Shandong, China

Fingerprinting Analysis of Oil Samples for Inter-laboratory Round Robin (200?} .• 79
Chun Yang, Zhendi Wang, Bruce Hollebone, Dayue Shang
Carl E. Brown, and Mike Landriault Environment Canada
Environment Canada Vancouver, Be, Canada
Ottawa, ON, Canada

Rene Losier and Art Cook
Environment Canada
Moncton, NB, Canada

iii



215GCIMS Determination of Bicyclic Sesquiterpanes in Crude Oils
and Petroleum Products ...•••...•..•••...•••..•.......••••.•..•.••.•..•.. 99
Chun Yang, Zhendi Wang, Bruce P. Hollebone,
Carl E. Brown, and Mike Landriault
Environment Canada
Ottawa, ON, Canada

Forensic Distinguishing of Biogenic Hydrocarbons (BHCs) from Petroleum
Hydrocarbons (pHes) and in BHC and PRC Cross-contaminated Soils
and Sediments ....••••••....••••.....••...•••••...•••.....•••••••....•• 117
Zhendi Wang, C. Yang, B. Hollebone, F. Kelly-Hooper,
X. Peng, C.E. Brown, M. Landriault, and J. Sun
Environment Canada
Ottawa, ON, Canada

Organic Componnds and Suspended Matter in thc White Sea Snow-Ice Cover ... 147
I. Nemirovskaya and V. Shevchenko
P.P. Shirshov Institute of Oceanography RAS
Moscow, Russia

Oil Spill Modeling
Modelisation des deversements d'hydrocarbures

Transport and Impacts of Oil Spills in San Francisco Bay-
Implications for Responsc . . . . . • • • • . . • • • • . . . • • • • . . . . • • • • . . • . . • • • • • • • . . . . •• 159
Deborah French-McCay and Jill Rowe Dagmar Schmidt Etkin
Applied Science Associates, Inc. Environmental Research Consulting
Narragansett, RI, USA Cortlandt Manor, NY, USA

ri:
Detection of Pesticide Vapour in Headspace of Conta~inated
Building Materials ••.••••••.••••.••..•.• K~~Li '~~d' c~;iB;~\~' .
W . Kuangenxmg d Environment Canada
SoAlC caOnNa aCanada Ottawa, ON, Canada

ttawa, '

Modeling of Hazardous Materials
Modelisation des mam~res dangereuses

Modeling Fire and Explosive Risk in ALOHA ••...••.••..•••..•••••.••••..•.

William J. Lehr, Debra Simecek-Beatty,
and Jerry Muhasky ....
National Oceanic and Atmospheric AdmIntstratlOn
Seattle, WA, USA ,

, Ch ' I Sp"11 Risks to Aquatic Biota Using Modeling ••••..••••..••Evaluatmg emlca . .
D borah French McCay and Nicole WhIttier James R. P.ayne

e , 'In Payne EnvIronmental
Applied SCIence ASSOCIates, c. (pECn

It RI USA Consultants,lnc,
Narraganse, , E "t CA USAncmI as, ,

Safety Preplanning and Strategy for Large Incident Responses ••....••....••..

d Laura H. Weems
Matthew P. Bernar G rd
USC t Guard U.S. Coast ua

S
' 'I oaWsA USA Washinglon, DC, USA
eatt e, ,

Fate and Effects of Oil and Hazardons Materials
Devenir et effets des hydrocarbures et des matieres dangereuses

225

243

273

Evaluation of a Bench Top GCllon Trap System with a Multi-Mode Sampler •... 187
Ken Li and Carl Brown
Environment Canada
Ottawa, ON, Canada

, .. ' 285Effectiveness of Larger-Area Exclusion Booming to Protect Sensitive Sites ......•
Dagmar Schmidt Etkin Deborah French-McCay and Jill Rowe
Environmental Research Consulting Applied Science Associates, Inc.
Cortlandt Manor, NY, USA Narragansett, RI, USA

Physical and Chemical Properties and Behavionr of Chemical Spills
Comportement et caracteristiques physiques et chimiques

des deversements de produits cbimiques

Determination of Headspace Concentrations of Malathion for the Developmcnt
of Decontamination Standards ....•.••...••••.....•••....••••......••••...
Genevieve Thouin, Wenxing Kuang, Ken Li, Konstantin Volchek,
and Sarah Harrison and Carl Brown
SAIC Canada Environment Canada
Ottawa, ON, Canada Ottawa, ON, Canada

iv

177

205

To Pull or Not to pull: Risk Management of Creosote Piles in Marine Waters

Robert A. Perkins
University of Alaska
Fairbanks, AK, USA

Acute Aqueous Toxicities of Diesel-Biodiesel Blends: .••....•••.•••. ··••••···•
B.P Hollebone, N. Ho, and M. Landriault S. Hamson
En~ironmentCanada SAle Canada
Ottawa, ON, Canada Ottawa, ON, Canada

K. Doe and P. Jackman
Environment Canada
Moncton, NB, Canada

v

297



Response Technologies and Countermeasures for Oil Spills
Technologies d'intervention et mesures de prevention pour les

deversements d 'hydrocarbures

Treating Agent Impact on Mechanical Oil Spill Countermeasures
Including Sorbents ............•...........•................••...........
David Cooper and Daria Velicogna Carl Brown
SAlC Canada Environment Canada
Ottawa, ON, Canada Ottawa, ON, Canada

Development of an American Society of Testing and Materials (ASTl\f)
Stationary Skimmer Test Protocol. Phase 2 Development .....•........•....•.
Dave DeVitis, Jane-Ellen Delgado, Steve Potter
Paul Meyer, and William Schmidt SL Ross Environmental Research Ltd.
MAR Inc., Ohmsett Test Facility Ottawa, ON, Canada
Leonardo, NJ, USA

Mike Crickard
U.S. Coast Guard
Elizabeth City, NC, USA

309

321

r Contingency Planning, Preparation, and Prevention
Planification des mesures d'urgence, preparation et prevention

Research Needs, The Next Phase - Implementation. . . . • . • . . . . . . . . . . • . . . . . . . .. 395
Ron Goodma,n
Innovative Ventures Ltd.
Cochrane, AB, Canada

Cook Inlet Ice Forecasting Network 401
Steven Catalano
Cook Inlet Regional Citizens' Advisory Council
Kenai, AK, USA

Emergency Management Systems Using Event-driven GIS •......•............ 405
Shui Liu and Yang Gao
University Qf Calgary
Calgary, AB, Canada

Recent Testing, Training and Research Conducted at Ohmsett·
The National Oil Spill Response Test Facility.. . . . .. .. . .. .. .. . .. . . .. .. . .. .... 337
Joseph Mullin Dave DeVitis, Al Guarino,
U.S. Minerals Management Service Paul Meyer, and Jane-Ellen Delgado
Herndon, VA, USA MAR Inc., Ohmsett Test Facility

Leonardo, NJ, USA

Biodiesel Spill Response .....•.......•.•...•...........•.•............... 351
David Cooper, Daria Velicogna, Carl Brown
and Alison Obenauf Environment Canada
SAIC Canada Ottawa, ON,'Canada
Ottawa, ON, Canada

Outline of Decision Making Process Tool for Oil Pollution on GIS (DOG) .......• 361
Takako Kuroda, Takahiro Majima,
Ryuji Kojima, and Shoichi Hara
National Maritime Research Institute
Mitaka, Tokyo, Japan

Dispersion Characteristics of Oil Treated with Surface Washing Agents
for Shoreline Cleanup .........•..•.........•...................•........ 373
Benjamin Fieldhouse
Environment Canada
Ottawa, ON, Canada



Air Monitoring Equipment for Pre~Deployments •...•..••••••.••..........••

Philip R. Campagna .
U.S. Environmental ProtectIOn Agency
Edison, NJ, USA

CBRNE Response
Intervention CBRNE

VolumeL
Table of Cont~nts
Table des matieres

Experimental Approaches ~o Assessing the Impact of ~ ~~S.i~~:~l~.r~~~••...•...
Radiological Dispersal Device .••••••...•.••••••...

G'bb S d A, Koemg
S. Lee, E. 1 ny er, US Geological Survey
J, Barzyk, and J, McGee ' ,
U.S. Environmental Protection Agency Denver, CO, USA
Research Triangle Park, NC, USA

Field Experience with Chlorine Dioxide Fumigation of a Hospital:
Timeline and Lessons Learned •• , .•.•••.••••••.••••• '.•••...•, . 'd' ••.•••.•...

. M" ku s Scott Fredencks, Retire
G. Blair Marttn, Dave IC na, US Environmental Protection Agency
and Shawn Ryan ' , , DC USA
U.S. Environmental Protection Agency Washmgton"
Research Triangle Park, NC, USA

449

429

415

John Kowalski
Microgamrna. LLC
Somerville, NJ, USA

Lance Brooks
U.S. Department of Homeland Security
Washington, DC, USA

Donn Zuroski
U.S. Environmental Protection Agency
Los Angeles, CA, USA

Terrance Leighton .
Children's Hospital Oakland Research Instttute
Oakland, CA, USA '

Tony Intrepido
Lawrence Livennore National Laboratory
Livennore, CA, USA

Jolm Y. Ma~on, Karen Cavanagh,
and Darrell Dechant
Sabre Technical Services, LLC
Slingerlands, NY, USA

Dina Mattorano and Tony Zimmer
U.S. Environmental Protection Agency

. Cincinnati, OH, USA

Toute demande d'infonnation relative au contenu technique des textes devra etre addressee
directement aux auteurs concemes. Toute demande relative au col1oque en general devra etre
adressee ala :

Phone: (613) 998-9622
Fax: (613) 991-9485
www.etc-cte.ec.gc.calnews/conferences_e.html

Division des urgences - Science et technologie
Direction generale des sciences et de la technologie
Centre des science et technologies environnementales
Environnement Canada
335, chemin River
Ottawa (Ontario) KIA OB3 Canada

Avis
Les textes contenus dans Ie present document sont publies teis que presentes par les auteurs.
Tousles manuscrits ont ete revises. Les declarations et opinions apparaissant dans ce
document sont celJes des auteurs et toute mention de marques de commerce ou de produits
commercialises.ne constitue ni une approbation ni une recomrnandation de leur emploi.

Copies of these Proceedings or those from past Technical Seminars are available from the
above address or e-mail SpillSeminars@etc.ec.gc.ca.

Inquiries about the technical content ofpapers in this seminar should be directed to the
author(s). Information about the seminar in general is available from:

Emergencies Science and Technology Division
Science and Technology Branch
Environmental Science and Technology Centre
Environment Canada
335 River Road
Ottawa, Ontario, KIA OH3 Canada

Notice
The papers in these Proceedings are published as submitted by the authors. All papers have
been peer reviewed. Any statements or views presented here are those of the authors,
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

Tel. : (613) 998-9622
'Telee,: (613) 991-9485
www.etc-cte.ec.gc.calnews/conferences_f.htrnI

Pour obtenir ceS comptes rendus au ceux d'anciens colloques de l'AMOP, veuiIIez vous
adresser aux coordonnees ci-dessus au par courriel aSpillsSeminars@etc.ec.gc.ca.

ii



Utilizing a Trace Atmospheric Gas Analyzer (TAGA) Triple Quadrupole Mass
Spectrometer Technology Mounted on a Moveable Platform to Provide Indoor
Air Concentrations throughout a Structure before and after a Chlorine Dioxide
Fumigation •..•...................•...•..•.........•.•..•.............. 457
David B. Mickunas S. Blaze, J. Wood, S. Thompson
U.S. Environmental Protection Agency W. Weeks, and O. Chubatyy ,
Research Triangle Park, NC, USA Lockheed Martin Response Engineering

and Analytical Contract
Edison, NJ, USA

•..... 475

Robert B. Taylor
Geological Survey of Canada
Dartmouth, NS, Canada

Development of a Practical Methodology for Integrating Shoreline Oil-Holding
Capacity into Modeling .•....•.........•...................•.............
Dagmar Schmidt Etkin Deborah French McCay
Environmental Research Consulting Applied Science Associates, Inc.
Cortlandt Manor, NY, USA Narragansett, RI USA

585

565

Michel Boufadel and Hailong Li
Temple University
PhiiadeJphia, PA, USA

Jacqueline Michel
Research Planning, Inc.
Columbia, SC, USA

Natural Attenuation of Heavy Oil on a Coarse Sediment Beach: Results
from Black Duck Cove, Nova Scotia, Canada over 35 Years following
the Arrow Oil Spill •.•..•.•........•...........•..•..............•.......
Edward H. Owens Roger C. Prince
Polaris Applied Sciences Inc. ExxonMobil Biomedical Sciences, mc.
Bainbridge Isiand, WA, USA Annandale, NJ, USA

495

A Summary of ExIT08/Sea Barrier ~ A CRTI Counter-Terrorism Exercise
P. Lambert, M. GoJdtbolp, Y. Lanthier
B. Fieldhouse, and C.E. Brown Environment Canada
Environment Canada, Gatineau, QC, Canada
Ottawa, ON, Canada

~mergency Preparedness: Rapid Screening of Potentially Deleterious Organics
In Unknown Environmental Samples ....•.....•......•..•.............•...
Dayue Shang, Brad McPherson, and Michelle Lam
Environment Canada
North Vancouver, BC, Canada

T~e Future of Chemical Decontamination: The Interface of Leading-edge
SCIence and Multi-jurisdictional Response
Sarah Harrison and Genevieve Thouin •• N~~~~y~~~isk;..· • . • • • . • • . • • • . • •. 535
SAIC Canada D fi

. e ence Research and Development Canada
Ottawa, ON, Canada Ottawa, ON, Canada

Adaptability and Flexibility: Keys Towards Successful
SCAT Data Management •.....•......•..•..•.•.....•..•.•..•.........•..
Alain Lamarche
Environmental Perfonnance and 'Decision Support (EPDS)
Montreal, QC, Canada

601

Konstantin Volchek
Environment Canada
Ottawa, ON, Canada

Remediation, Restoration and Rehabilitation for Spills
Depollution des deversements, restauration et rehabilitation

Use of a Mnlti-process Phytoremediation System for Decontamination of Petroleum
Impacted Soils: Resnlts of Successful Field Trials. . . . . . . . . . • . . . . . • . . . . . . . . . .. 615
Bruce Greenberg, Jola Gurska, Xiao~Dong Huang, Karen Gerhardt,
Xiao-Ming Yu, Wenxi Wang, Julie Nykamp, Nicole Knezevich,
Greg MacNeill, Shucun Yang, Xiaobo Lu, and Bernard Glick
University of Waterloo, Waterloo, ON, Canada and/or
Waterloo Environmental Biotechnology Inc., Hamilton, ON, Canada

Shoreline Response
Intervention cotiere

Shor~JineT~p~ and Subsurface Oil Persistence in the Exxoll Valdez Spill Zone
of Prmce Wilham Sound, Alaska
David S. Page •.•••.••.• p~~iD"B~~h~""""""""'"
Bowdoin College Exponent Inc.
Brunswick, ME, USA Maynard, MA, USA

Jerry M. Neff
Neff & Associates
Duxbury, MA, USA

545

Perry Gerwing and Kent Cryer
Earthrnaster Environmental Strategies Inc.
Calgary, AB, Canada

Neil Reid
EBA Engineering Consultants Ltd.
Edmonton AB, Canada

iv
v



po

P~ytoremediation of Salt-impacted Soils: Greenhouse and Field Trials
uSing Plant Growth Promoting Rhizobacteria (pGPR) to Improve Plant
Growth and Salt Phytoaccumulation
Bruce Greenberg, Xiao-Dong Huang, •••.•.• p~~Ge~i~~' . . . . . . . . . . . . . . . . . .. 627

Xiao-Ming Yu, Pei-Chun Chang, Earthmaster Environmental Strategies Inc.
Shan Shan Wu, Karen Gerhardt Calgary, AB, Canada
Julie Nykamp, Xiaobo Yu, and Bernard Glick
University ofWaterloo
Waterloo, ON, Canada and/or
Waterloo Environmental Biotechnology
Hamilton, ON, Canada '

Automatic Detection and Mapping of Oil Spill Using SAR Images .•••...•...••. 703
H. Assilzadeh and Y. Gao
University of Calgary
Calgary, AB, Canada

Improvement of Biodegradability of on Wastewater Contained PAM
by Pretreatment with Fenton Oxidation
Murai Bao and Na Wang •••.••••••.••..•.••••.•..••••••••.••

Ocean University of China
Qingdao, Shandong Province, China

639

Remote Detection of Oil Spilled Under Ice and Snow using Nuclear Magnetic
Resonance ••••••••••••••.•••••••...•••••• ·•· •••••• ···••••••······••••• •
T. Nedwed and L. Smka H. Thomann
ExxonMobil Upstream Research ExxonMobil Research & Engineering
Houston, TX, USA Annandale, NJ, USA

Preliminary Results for Oil on the Bottom Detection Technologies •.............
Kurt A Hansen Job Bello and Susan Clauson
U.S. Coast Guard EIC Laboratories, Inc.
Groton, CT, USA Norwood, MA, USA

693

713

Rem~val of Cn from Sediment by a Lipopeptide Biosurfactant
Mutal Bao and Caixia Li ••••••.•••••.••.•
Ocean University of China
Qingdao. Shandong Province, China

Detection, Tracking, and Remote Sensing
Detection, depistage et teJedetection

Oil Spill Detection and Remote Sensing - An Overview with Focus
on Recent Events •....•.....•..••..•.....•..•.
Thomas S. Coolbaugh .••..•.••••••.••••••.•..••

ExxoriMobiI Research & Engineering
Fairfax, VA, USA

Monitoring and Assessment
Surveillance et evaluation

Communicat~ngResults in Real-Time: Wireless Networking of On-Site
Instrumentation ..•..•...•..•..•..•.
Michael Goldthorp and Patrick Lambert .••.••.••.•••••••••.••••••.•..••••.•
Environment Canada
Ottawa, ON, Canada Case Histories and Recent Spill Experiences

Cas concrets et experiences recentes de deversements

759

741

R. Camilli and Dr. Brian Bingham
Woods Hole Oceanographic Institute
Woods Hole, MA, USA

John Morris and Pamela J. Luey
Science Application International, Corp.
Newport, Rl, USA

An Analysis of'Oil Spill Detection Algorithms using Laser Fluorosensor Data .•..
Maya Nand Jha and Yang Gao Jason Levy
University of Calgary Western Washington University
Calgary, AB, Canada Bellingham, WA, USA

Mette T. Eriksen and Eric Maillard
RESON, Inc.
Santa Barbara, CA, USA

Challenges of a Response to a Sulphuric Acid Spill from a Train Derailment
in a Remote Location .•.•.....••.••..•.........•.••.................•...•
Dale Oration and John E. Wilson
Environment Canada
Downsview, ON, Canada

651

661

671

679

..................Mercury Pollution in the Ground of Saint~Petersburg
A.M. Malov
FSSI Institute of Toxicology FMBA ofRussia
St. Petersburg, Russia

vi
vii



Posters with Paper
Affiches avec article

The 2008 Amendments to the Environmental Emergency Regulations
Edward Dowdall, Kimberly Hradecky, •.••.••.•••
Keny Ketcheson, and John Shrives
Environment Canada
Gatineau, QC, Canada

~athematical Mo~eling of Biotransformations of Oil Hydrocarbons
m the Marine EnvIronment of Karkinitshil Bay in the Biack Sea
A.V. Leonov, O.V. Chicherina, and D. Ya. Fashchuk ..•.••.••.••.••
Russian Academy of Science
Moscow, Russia

Effec.ts on Lead BioavaiJability and Plant Uptake during the Bioremediation

~~~~t~m'e~~~~~Aili~ri""""""""""""""""""""""'"•
RefugIo Rodriguez-Vazquez

htstituto Politecnico Nacional CINVESTAV
Mexico City, Mexico Mexico City, Mexico

The Environment Canada Standard Shoreline Classification Scheme
for SCAT and Oil Spill Response in Canada
GarySergy .

Environment Canada
Edmonton, AB, Canada

viii

767

777

803

811

415

Experimental Approaches to Assessing the Impact of a Cesium Chloride
Radiological Dispersal Device

S. Lee, E. Gibb Snyder, J. Barzyk, and J. McGee!
US EPA Office of Research and Development,

National Homeland Security Research Center and
tNational Health and Environmental Effects Research Laboratory

MD-E343-06 and !MD-BI43-01
Research Triangle Park, NC

lee.sangdon@epa.gov

A. Koenig
US Geological Survey, Mineral Resources Team

MS 973 Denver Federal Center
Denver, CO

Abstract

The US EPA, as a part of the Chemical, Biological, Radiological-Nuclear, and
Explosives (CBRNE) Research and Technology Initiative (CRT!) project tearn, is
currently working to assess the impacts of an urban radiological dispersion device (RDD)
and to develop containment and decontamination strategies. Three efforts in this area are
currently underway: development of a laboratory-scale cesium chloride deposition
method to mimic a RDD; assessment of cesium (Cs) penetration depth and pathways in
urban materi&ls using two dimensional (2~D) mapping laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS); and experimental detennination of distribution
coefficients (kd) for Cs in water-building material systems. It is critical that, when
perfonning laboratory-scale experiments to assess the fate ofCs from an RDD, the Cs
particle deposition method mimics the RDD deposition. Once Cs particles are deposited
onto urban surfaces, 2-D mapping ofCs concentrations using LA-ICP-MS is a critical
tool for detennining Cs transport pathways through these materials. Lastly, distribution
coefficients are critical for understanding the transport of Cs in urban settings when direct
measurements of its penetration depth are unavailable. An assessment ofthe newly
developed deposition method along with preliminary results from the penetration
experiments are presented in this paper.

1 Introduction
The US Environmental Protection Agency (EPA), as a part ofthe CRT! project

team, is currently working to assess the impact of an urban radiological dispersion device
(RDD) and to develop containment and decontamination strategies for the recovery
process. The physical impact of an RDD in a given area is a function ofthe explosive
design, the radioactive material type, and weather (e.g. rain and wind). The size and
shape of the contaminated area is dependent upon the geometry ofthe area, the device
geometry, the size distribution of the RDD particles and the wind conditions after the
explosion. Cleanup after an RDD will likely occur weeks to months after the event;
therefore the contaminated area will be exposed to a variety of weather conditions (rain,
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VI Emergency Response Monitoring of a Benzene Release using the Ministry's
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Abstract
On March 14,2008 the Ontario Ministry of the Environment (MOE) was

notified of an accidental chemical release at a petroleum refinery's distribution centre
in Southwestern Ontario. A feed tank containing a benzene mixture suffered a
floating rooffailure resulting in a direct exposure of benzene to the environment. The
specialized services of the Ministry's Environmental Monitoring and Reporting
Branch (EMRB) were requested to measure airborne pollutant concentrations while
the benzene mixture was transferred to another tank. This paper highlights the
services ofEMRB during response efforts from March 14 to April I, 2008. The role
ofEMRB was to model the relative impact from the benzene release, acquire real
time airborne pollutant concentration data, and provide a geographical representation
of benzene levels downwind ofthe feed tank. The Ministry's mobile trace
atmospheric gas analyzer (TAGA) unit perfonned chemical fingerprints and
measured 192 half-hour averages ofbenzene at 21 different locations downwind of
the spill site. The data collected by the mobile TAGA unit was regularly conveyed to
the Ministry's Spill Action Centre (SAC), the Ministry's Southwestern Region staff,
the community leaders, Environment Canada, Health Canada, and the Medical
Officer of Health to support decision making based on the benzene levels observed.

C. Whitelaw*, N. Karellas, Q.F. Chen, T. Munoz, G. De Brou, R. Bloxam.
Ontario Ministry of the Environment

Toronto, Ontario, Canada
clarissa.whitelaw@ontario.ca

1 Introduction
On March 14, 2008 the MOE received notification ofa benzene release at a

petroleum refinery's bulk distribution centre in Sarnia, Ontario. The tank containing
3,130 cubic metres (m3

) ofa benzene mixture experienced a floating roof failure
resulting in a direct exposure to the environment. On March 15th

, Ministry staffwere
notified that the roof had sunk near the bottom ofthe tank, and a layer offirefighting
foam was applied to the surface to mitigate environmental exposure. The tank was
located within 2 kilometres (km) ofa residential area and a First Nations Reserve,
situated in a complex of industries along the St. Clair River bordering Ontario,
Canada and Michigan, U.S.A. Benzene, the major component ofthe mixture, is a
highly flanunable, volatile hydrocarbon, that is liquid at room temperature (Merck,
2001), and considered a human carcinogen. Due to the highly flammable properties
ofbenzene, Ministry staffhad grave concerns of igniting the tank's contents by
producing a spark as the tank was drained and the roof lowered to the bottom.
Effects of a benzene fire could result in damage to human health and the environment
locally, as well as impact the United States due to potential transboundary flow.
Rapid response monitoring for benzene was needed to monitor the effectiveness of
the foam as the contents were lowered, and ifneeded, monitor levels of benzene
during a worst-case scenario ofa chemical fire or explosion. In such cases, the best
approach is to bring a mobile air monitoring unit to the areas ofconcern and conduct
real-time air quality analysis and monitoring (Karellas, 2003). Local Ministry staff
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Sulsted, Denmark

Case Histories and Recent Oil Spill Experiences
Case concrets et experiences recentes de deversements d'hydrocarbures

On-site Monitoring of Hebei Spirit Oil Spill by Fluorometric
Detection of Oil Residues in Coastal Waters of Taean, Korea .....•.•..•.. 817
Moonkoo Kim, Un Hyuk Vim, Sang Hee Hong,
Jee-Hyun Jung, Jongho Won, Joongeon An,
Hyun-Woo Choi, and Won Joan Shim
Korea Ocean Research and Development Institute/SSRI
Geoje, Republic of Korea

Behavioural Response of Pink Salmon Fry Oncorhynchus gorhllscha
to Fresh, Weathered, and Dispersed Crude Oil •..•.....•..•.••.•••..•.. 837
Adam Moles
National Oceanic and Atmospheric Administration
Alaska Fisheries Science Center
Juneau, Alaska, U.S.A

Extending the Geographic Response Plan to the Local Level;
Two Massachusetts Communities Plan their Response
to a Potential Oil Spill •...•••••.•.•..••••.••..•.•...•.••••.••.•••.•• 921
Benjamin F. Bryant and Elise DeCola
Nuka Research and Planning Group, LLC
Plymouth, Massachusetts, U.S.A



Volumet
Proceedings

Thirty-third AMOP Technical Seminar
on Environmental Contamination and Response

. : ,.

... -?,~.-

June 7 to 9, 2010
Lord Nelson Hotel
Halifax, Nova Scotia
Canada

PROPERTY OF
NO,1lA Library E/OC43

7600 Sand Point Way NE
Seilttle WA 98115.0070

The Technical Seminar is sponsored by the Emergencies Science and Technology
Section, Emergencies, Operational Analytical Laboratories and Research Support
Division, Water Science and Technology Directorate, Science and Technology
Branch of Environment Canada.

Cover Photograph
Forty years ago in February 1970, the Liberian tanker Arrow ran aground on
Cerberus Rock in Chedabucto Bay, Nova Scotia in heovy rain and high winds. Within
days, the Arrow broke in halfand an estimated 8,000 tonnes ofBunker C oil was
reieasedfrom the tanker. The spill contaminated many kilometres ofthe Nova Scotia
coastline and had long-lasting e!frcts on marine life and local wildlife, as well as the
groundfishery and tourist trade on both sides ofthe bay.
(Photo: Task Force - Operation Oil)

Volume 1
Compte rendn

Trente-troisieme Colloque technique de I'AMOP 
Contamination de I'environnement et intervention

Du 7 au 9 juin 2010
Hotel Lord Nelson
Halifax (Nouvelle-Ecosse)
Canada

Le Colloque technique est commandite par la Section des urgences - Science et
teclmologie, Division des urgences, des laboratoires d'analyses operationnelles et du
soutien ala recherche, Direction de la science et de la technologie de l'eau, Direction
generale des sciences et de la technologie d'Environnement Canada.

Photographie de eouverture
R y a quarante ans, enfevrier 1970, Ie petrolier liberien Arrow s 'echoue sur ie
rocher du Cerbere dans la baie Chedabouctou, en Nouvelle-Ecosse, sous une pluie
torrentielle et des vents violents. Au bout de quelques jours, I 'Arrow se rompt en deux
et environ 8 000 tonnes de mazout brut se deverse du petrolier. Ce deversement a
con/amine la c6te de la Nouvelle-Ecosse sur plusieurs kilometres et a eu des efftts a
long terme sur to vie marine et lafaune de la region ains; que sur ['indus/rie de 1a
peche et du tourisme des deux cates de la baie. (Photo: Task Force - Operation Oil)



ii
Notice
The papers in these Proceedings are published as submitted by the authors, All papers
have been peer reviewed. Any statements or views presented here are those of the
authors. Mention oftrade names or commercial products does not constitute
endorsement or recommendation for use. Inquiries about the technical content of
papers in this seminar sliould be directed to the author(s), Information about the
seminar in general is available from:

Natalie Jones
Technical Seminar Coordinator
Emergencies Science and Technology Section
Environment Canada
335 River Road
Ottawa, Ontario, KIA OR3 Canada
Phone: (613) 998-9622
Fax: (613) 991-9485
www.etc-cte.ec.gc.ca/news/conferences_e.html

Copies ofthese Proceedings or those from past Technical Seminars are available from
the above address or bye-mail atestd@ec.gc.ca.

Avis
Les textes contenus dans Ie pn!sent document sont publies tels que presentes par les
auteurs. Tous les manuscrits ont ete revises. Les declarations et opinions apparaissant
dans ce document sont celles des auteurs et toute mention de marques de cbmmerce
ou de produits commercialises ne constitue ni une approbation ni une
recommandation de leur emploi.

Toute demande d'infonnation relative au contenu technique des textes devrait etre
dirigee directement aupres des auteurs concernes, Toute demande relative au colloque
en general devrait etre adressee it :

Natalie Jones
Coordonnatrice du colloque technique
Section des urgences - Science et technologie
Environnement Canada
335, chemin River
Ottawa (Ontario), KIA OR3 Canada
Tel. : (6 I3) 998-9622
Fax. : (613) 991-9485
www.etc-cte.ec.gc.calnews/conferencesJhtml

Pour obtenir ces comptes rendus Oll ceux d'anciennes conferences de I'AMOP,
veuillez VOllS adresser aux coordonnees ci-dessus ou par courriel aestd@ec.gc.ca.

iii
'.

Volumel

Table of Coutents
Table des matii~res

Ph sical and Chemical Properties of Oil and.Behaviou~o~ Oil Spills
y Comportement et caracteristiques phySIques et chlmlques

des deversements d'hydrocarbures

Fingerprinting of Oil Hydrocarbons and Biogenic Organic~o~r~:~
. dian "Background" Soil and Plant Samples (phas~ 0 • e
~r~::~ "Distinguishing und Quantifying Petrogenic und BlOgemc Hydrocarbons 1
in Contaminated and Background Soils" • ·S..M M..:i · · · ..

. Y C Y B Hollebone . . u ge
Zhendi Wang, Z. ang, . ang, . , School ofOcean Science

C.E. Brown, M. Landriault, and J. Sun Bangor University
Environment ~anada Bangor, United Kingdom
Ottawa, OntanO, Canada

F. Kelly-Hooper and George D. Dixon
University of Waterloo
Waterloo, Ontario, Canada

. B' d' I Blends by Solid Phase Extraction
Identification and FingerprintIng of 10 lese 57

G Ch
tography-Mass Spectrometry ,' .

and as roma Bruce P. Hollebone, Zhendl Wang,
ZeyuYang. Chun Yang, and Mike Landriault
School ofEnvironmental S.tudles Environment Canada
China University ofGeosciences Ottawa, Ontario, Canada
Wuhan, China

f d S t scopy and Gas Chromatography
Integrated Fourier Transfo~InFrare . ~:~:e Luhricating Oil and Biodiesel
Tandem Mass Speetrometry ,or orenSlC 79. . .
Analysis......... Jonah Kirkwood

Dayue Shang. Varian Canada, Inc.
Pacific Environmental SCience Centre Mississauga, Ontario, Canada
Environment Canada
North Vancouver, British Columbia, Canada

A Possible Source for Dissolved-Phase PAH Signals Observed 101
. Th h t P ince William Sound, Alaska ..

in My/llus Samples rung on r William B. Driskell
James R. Payne Seattle Washington, United States
Payne Environmental Co?sultants Inc. '
Encinitas, California, Umted States

David Janka
Auklet Charter Services, InC.
Cordova, Alaska, United States



iv

Joseph Mullin
Minerals Management Service
Herndon, Virginia, United States

Preliminary Fingerprinting Analysis of Alberta Oil Sands
and Related Petroleum Products
Ch Y ZD 127un ang, . . Wang B. Hollebone C E B Z Y ••••••••••••••••••••••••••••••••••
M Land . ' , . . TOwn, • • Yang

. nault, and B. Fieldhouse '
Environment Canada
Ottawa, Ontario, Canada

Deter~inationof P?lynuclea~Aromatic Hydrocarbons in Seawater

:~~o;~:;~:I~x:.::;,~~.:::~g~~:.~1lby Stir Bar Sorptive Extraction (SBSE)
Julien Guyomarch and Sophie Van Ga :181
Cedre nse

Brest Cedex, France

Daniel Reid
Canadian Coast Guard
Vancouver, British Columbia, Canada

Mike Drumm
British Columbia Ministry ofEnvironment
Smithers, British Columbia, Canada

Gary8ergy
83 Environmental Inc.
Edmonton, Alberta, Canada

CBRNE Response
Intervention CBRNE

The Environmental Unit in the CANUSDIXICANUSPAC 2009 Exercise:
Lessons Learned and Next Steps 259
Heather A. Parker Alisha Drinkwater
United States Coast Guard Environment Canada
Seattle, Washington, United States Vancouver, British Columbia, Canada

v

Development of Test Protocols for Effectiveness Testing
and Working Mechanisms for Shoreline Cleaning Agents 223
Svein Ramstad, Bj13m Henrik Hansen, Per Dating, Frantrois X. Merlin
Max Frenzel, and Jane H.C. 0ksenvAg Cedre
SINTEF Marine Environmental Technology Brest, France
Trondheim. Norway

Shoreline Clean-np Methods: Biological Treatments 245
S. Tina Massoura
Oil Spill Response Limited
Southampton, United Kingdom

Formation of Oil-SPM Aggregates under Various Mixin I ..
Juan Sun and Xilai Zheng . ,g ntenSlhes 145
Ocean University of China Ali ~ehfa and Zhendi Wang
Qingdao, Shandong Province China Environment Canada

• Ottawa, Ontario, Canada
Sharon Wong
Ottawa University
Ottawa. Ontario, Canada

1.1. So
University of Waterloo
Waterloo, Ontario, Canada

Artificial Weathering of Oils by Rota Eva ora
Ben Fieldhouse and Bruce P. HolleboRe ry p tO~·..•....··:·..••••••••••••••••••••••••••••••159
Environment Canada NIgel R. Smgh and Tsz Shan Tong
Ottawa, Ontario, Canada University ofWater!oo

Waterloo, Ontario, Canada

Decontamination of Organophosphorus Pesticides on Sensitive Eqnipment.....273
Vladimir Blinov, Konstantin Volchek, and Carl E. Brown Wenxing Kuang and Genevieve Thouin
Environment Canada SAIC Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

Radiological Decontamination of Urban Surfaees
Using Seleolive Sequestering Agents 289
PervezAzmi, Konstantin Volchek, Dario Velicogna and Wenxing Kuang
and Carl E. Brown Science Applications International
Environment Canada Corporation (SAIC), Canada
Ottawa, Ontario, Canada Ottawa, Ontario, Canada

Shoreline Response
Intervention cotiere

Managing Shoreline Assessm t D d .
Alain Lamarche en ata nnng the Lake Wabamun Incident ....189

M
Environmental Performance and Decision Support (EPDS) ~~n~~~~=bn

ontreal, Quebec, Canada
Vercheres, Quebec, Canada

Shoreline Response and Long-t 0'1 B h' .
1970 "Arrow" Spill in Chedabu:r;::Ba' e aVlOur Slnd.es following the
Edward H. Owens y, NS· · ·.. · • 207
Polaris Applied Sciences, fnc.
Bainbridge Island, Washington, United States

R. Stanley Brown and Alexei A Neverov
Queen's University
Kingston, Ontario, Canada

Nathan Costa
McMaster University
Hamilton, Ontario, Canada

Benoit Mongeau
University ofOttawa
Ottawa, Ontario, Canada

Sana Louie
University of Waterloo
Waterloo, Ontario, Canada

Natalie Mesnic
Carleton University
Ottawa, Ontario, Canada

Malay Doshi
University of Ottawa
Ottawa, Ontario, Canada



vi

An Overview of Environment Canada's New Mobile Laboratory
for Environmental Emergencies 301
M. Goldthorp, P.G. Lambert, and C.E. Brown
Environment Canada
Ottawa, Ontario, Canada

Non·Intrusive Identification of Unknown Toxic Industrial Chemicals
by Headspace SPME with Microwave Heating.

311Ken Li, Chun Yang, Mike Landriault, and Carl Brown
Environment Canada
Ottawa, Ontario, Canada

Chemical Science Support to the National CBRNE Response Team 327
P.G. Lambert, C.E. Brown, M.D. Goldthorp, K. Li,

B. Fieldhouse, B.P. Hollebone, C. Yang, and M, Landriault
Environment Canada
Ottawa, Ontario, Canada

Collaborative Research in Decontamination Science 341
Norman Yanofsky Konstantin Volchek
Centre for Security Science Environment Canada
Defence Research and Development Canada Ottawa; Ontario, Canada
Ottawa, Ontario, Canada

Remediation, Restoration, aod Rehabilitation
of Hazardous Materials Spills

Depollution, restauration et rehabilitation des deversements
de produits dangereux

Polymer-Bead Extraction ofOrganophosphorus Pesticides from Soil 353
Genevieve Thouin, Wenxing Kuang, and Dario Velicogna Vladimir Blinov and
Science Applications Intemational Corporation Konstantin Volchek
(SAlC), Canada EnVironment Canada

Ottawa, Ontario, Canada Ottawa, Ontario, Canada

In Situ Remediation Strategy Applied to Military Firing Positions
Contaminated with Energetic Materials

367Isabelle Poulin

Defence R&D Canada - Valcartier
Quebec City, Quebec, Canada

Gunnar Uranium Mine Remediation PROJECT 383
Joe Muldoon and Laurier L. Schramm
Saskatchewan Research Council
Saskatoon, Saskatchewan, Canada

vii

An Evaluation DCa Vegetative BiD-Reactive Landfill Cover Sy~~~: 405
as an Alternative for Muni~i~alLandfills ..
Patrick T. Phillips and David R. Kmdlg
BMT Designers & Planners, Inc.
Arlington, Virginia, United States

Remediation, Restoration, and Rehabilita~i?n~f Oil Spills
Depollution, restauration et rehabilitatIOn

des deversements d'hydrocarbures

Research on Heavy Oil Degradati?n by 429
F Th ophilic Bacterial Strains ..our erm ., L'
Mutai Bao, Qingguo Chen, Zeyue Liu, and Ylmmg I

Ocean University ofChina
Qingdao, Shandong Province, China

Laboratory Experiment on Bioremediation of Crude Oil 449
C rt· .b Microbial onso lum.................................. . S

y. Lixin Cao and Pelyan un '. .
Mutai Ba~ and.Lma Wll;"g North China Sea Environment~1~on~tortng
Ocean Umverslty ofChm.a. Center of State Oceanic AdmIDIstratlon
Qingdao, Shandong Provmce, Chma Qingdao, Shandong Province, China

. P t.·on and Prevention0'1 Spill Contingency Planmng, repara ,
Dever:ements d'hydrocarbures - Planificatio~ des mesures d'urgence,

preparation et prevention

Sensitivity Mapping Along the Canadian National Railway Corridor:

A Partnership between En~ironment Canada 463
and Canadian National RaIl~ay·..·....·....··M;i;:p·i;~~·R.:;;;~nd, Martin Deschenes,
Scott Nickerson and Jason Komaromi and Sonia Laforest
Environment Canada . Environment Canada
Vancouver, British Columbia, Canada Montreal, Quebec, Canada

A Spatial Risk Analysis ~ramework for Effective 475
PI g .0 '1 Sp'll Response annm ..

I I Ronald Pelot and Fang Xu
Joe LeClair Dalhousie University
Canadian Coast GU?rd Halifax, Nova Scolia, CanadaHalifax, Nova SCOtia, Canada

'1 Rat 505A I . of US Oil Spll age es .40-Year na YSlS
Dagmar Schmidt Etkin .
Environmental Research Consulting
Cortlandt Manor, New York, United States



viii

~:;~:;~:: :'~a~::~f::-Port Vessel Operational Lnbricant
D

g .agmar SChmidt Etkin 529
Environmental Research Consulting
Cortlandt Manor, New York, United States

•. . Oil Spill Modelling
Modehsatton des deversements d'hydrocarhures

z:.~::~g~OilSpill Dispersion Stability 555
Spill Science
Edmonton, Alberta, Canada

ASummary Review of Modelling Oil in Ie
AlI KltelIfa e 587
Environment Canada
Ottawa. Ontario, Canada

Fate of Oil-SPM Aggregates in the St L E
AI ' KIt I'~ • awrence stuary

I e Iil:l. and Carl Brown 609
Environment Canada
Ottawa, Ontario, Ca,nada

The Effecis of Waves and Currents on the Tr "
(OMAs) and their Potential Risks to B thO Oanspo~ of Otl-Mmeral-Aggregates
Ha"b N' ZIt •. en Ie rgamsmsI 0 IU, engkal LI. Kenneth Lee 623
~d Paul Kepkay , Jo~eph Mullin

FIsheries and Oceans Canada Minerals Management Service
Dartmouth, Nova Scotia, Canada U.S. Department of Interior

Herndon, Virginia, United States

GUidance. for. Dispersant Decision-Making: Potential for I t
on AqualIc BIota.................. mpac s
DbahF It .

e ~r ~enc McCay and Eileen Graham 635
Applied SCience Associates, Inc.
South Kingstown, Rhode Island, United States

How Large Does a Wave Basin N d t B .
for Oil Spill Research? It De e dee 0 e to Slmnlate an Ocean
Ron Goodman p n s....................................... 665

: Innovative Ventures (IVL)Ltd.' .

Cochrane, Alberta, Canada

Fingerprinting of Oil Hydrocarbons and,Biogenic Organic Compounds
in Canadian "Background" Soil and Plant Samples

(Phase I of the PERD Project: "Distinguishing and Quantifying Petrogenic and
Biogenic Hydrocarbons in Contaminated and Background Soi/s")

Zhendi Wang·, Z. Yang, C. Yang, B. Hollebone,
C.E. Brown, M. Landriault, and J. Sun

Emergencies Science and Technology Section (ESTS), EOALRSD
Science and Technology Branch, Environment Canada

. Ottawa, Ontario, Canada
zhendi.wang@ec.gc.ca

S.M.Mudge
School ofOcean Science, Bangor University, Bangor, UK

F. Kelly-Hooper and George D. Dixon
University of Waterloo, Waterloo, Ontario

Abstract
The ultimate objective ofthis PERD (program of Energy Research and

Development) project, "Distinguishing and QuantifYing Petrogenic and Biogenic
Hydrocarbons in Contaminated and Background Soils" is to correct the
misconception that all detectable hydrocarbons should be regulated as toxic
petrolenm hydrocarbons (PHCs). This can only be accomplished through
improvements to the existing CCME (Canadian Council ofMinisters ofthe
Environment) PHC protocols and Tier I Soil Quality Levels. Our goal is to provide
the scientific rationale tbat would be necessary for creating this significant degree of
change.

In the summer of 2008, a total of34 background soil and 34 plant samples
were collected by the Geological Survey ofCanada along the Trans-Canada Trail as
part of the Tri-national soil chemistry survey program. The samples were collected
from the following three provinces: (1) Alberta (AB) - 15 sites; (2) British Columbia
(Be) - 10 sites; and (3) Newfoundland (NF) - 9 sites. The Newfoundland samples
were collected primarily from peatland habitats that were heavily vegetated by
mosses. Most of the Alberta and B.C. samples were collected from siltylsandy fields
and forests that were dominated by grasses and shrubs.

Twenty representative samples among these samples were extracted by ALS
Laboratory in accordance with the CCME Method and analyzed in the ESTS Oil
Research Lab during 2009. A reliable GC-MS method in combination with the
derivatization technique developed in this lab was used for identification,
characterization, and quantification of various biogenic organic compounds (HOCs),
including sterols, fatty acids, and alcohols, and others in these background samples.
Both PHCs and BOCs in these samples were quantitatively detennined and the
quantitation data will be used for assessment of the contamination sites and toxicity
risks associated with the CCME Fraction 3 hydrocarbons. The characterization results
indicate the following.
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Photographs 
On April 20, 2010 the semi-submersible offshore oil drilling rig, the Deepwater 
Horizon, experienced a deep-sea blowout. The resulting fire could not be 
extinguished and on April 22 the rig sank into the Gulf of Mexico.  
(photo: US Coast Guard) 
 
On July 26, 2010, an estimated 819, 000 gallons of crude oil spilled from the 
ruptured Enbridge pipeline into Michigan’s Talmadge Creek and flowed into the 
Kalamzoo River. 
(photo: Environment Canada) 
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Photographies  
Le 20 avril 2010, la plate-forme pétrolière extracôtière semi-submersible, Deepwater 
Horizon , a connu une rupture en eaux profondes. L’incendie qui en a résulté n’a pu 
être éteint et le 22 avril, l’appareil de forage a coulé dans le golfe du Mexique. 
(photo : US Coast Guard) 
Le 26 juillet 2010, une quantité de pétrole brut évaluée à 819 000 gallons a fui du 
pipeline rompu d’Enbridge dans le Michigan’s Talmadge Creek et a pénétré dans la 
rivière Kalamazoo. (photo : Environnement Canada)
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