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Introduction

In 1989, the Washington State Legislature passed the Resource Damage
Assessment Act (ESHB 1853). This innovative law directed the state's Department
of Ecology to develop a simplified approach for determining public resource dam
ages for oil spills into state waters in the form of a compensation schedule. The
need for a new approach for resource damage assessment for oil spills became
apparent after several moderately largespills in the period of a few years. For these
spills, resource experts were not satisfied that damages recovered represented
adequate compensation. An added problem was that thecost ofassessing resource
damages for some of these spills exceeded recoveries by an order of magnitude.
Given this relatively high cost of assessing resource damages, and the uncertainty
involved with recovering assessment costs and damages, state resource agencies
became understandably timid about aggressively pursuing damage assessment for
all but the most obvious resource injuries (i.e., oiled birds).

The Act directs that the compensation schedule be based on three factors,
characteristics ofthe oil that affect severity ofeffects on resources, sensitivity of the
resources affected by the spill, and actions taken by the party responsible for spilling
theoil. Damages calculated under the schedule are tobe noless than onedollar per
gallon of oil spilled, and no greater than fifty dollars per gallon of oil spilled. The
compensation schedule is to be applied in place of traditional damage assessment
methodologies when resource trustees determine the following: restoration or
enhancement of the injured resources is not technically feasible, damages are not
quantifiable at a reasonable cost using traditional damage assessment approaches,
and therestoration and enhancement projects proposed by the responsible party are
insufficient to adequately compensate the public for damages sustained as a result
of the spill. The compensation schedule has been developed by the Washington
Department of Ecology in conjunction with other state and federal resource
agencies, Indian tribes, affected industries and environmental organizations and will
soon be adopted as state regulations. Compensation schedule development has
required substantial coordination among these groups, and extensive compilation
and synthesis ofexisting resource information. This paperdescribes the process and
methodologies employed to constructthe Washington Compensation Schedule for oil
spills into marine and estuarine waters.

Developmentof the WashingtonOilSpill Compensation Schedule

The compensation schedule for marine and estuarine environments
consists of two main components, the resource vulnerability rankings and the oil
effects rankings. The resource vulnerability rankings collectively rate thesensitivity of
the receiving environment to spilled oil. Forpurposesof the compensation schedule,
resources are divided into the following seven categories: habitat, marine birds,
marine fisheries, shellfish, salmon, marine mammals and recreation. The oil effects
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rankings rate the propensity of « spilled oil to cause the following types of
environmental harm: acute toxicity, mechanical injury and to persist in the
environment.

The Resource Vulnerability Rankings

To incorporate specificity into the compensation schedule, the marine and
estuarine waters of Washington State were divided into 131 zones (excluding those
established tor the Columbia River Estuary). The majority of the zones were based
on those established through earlier research efforts. In general, the resource
vulnerability rankings rate the vulnerability of resources to spilled oil in a particular
zone during a particular season. The habitat and salmon vulnerability rankings are,
however, based on the proportion of habitat types exposed to spilled oil. The
resource vulnerability rankings weredeveloped using best available information and
expert advice. Each of the resource vulnerability rankings were developed in
consultation with an advisory committee. Advisory committee participation consisted
of resource experts from state and federal agencies, academic institutions,
consulting firms, Indian tribes and environmental organizations. Several of the
resource vulnerability rankings were derived from variations of a methodology
developed to rate marine bird vulnerability to oil spills (Wahl et al., 1981; Manuwal et
al., 1979). Two resource vulnerability rankings are based on type and proportion of
habitat affected by a spill. The recreation vulnerability ranking is based on the
attributes of recreational facilities within zones and seasonal participation in
recreational activities. Each of the resources vulnerability rankings is described in
more detail below.

Habitat Vulnerability Ranking. The habitat vulnerability ranking employs the
marine/estuarine habitat classification and ratings developed by Dethier (1991) for
the Washington Compensation Schedule. Habitats areclassified into 35 types based
on substrate type, depth and energy regime (Dethier, 1991). The habitat classifica
tion developed for the compensation schedule is a "scaled-down" version ofa more
detailed classificationthat the state is using for detailed mapping of state marine and
estuarine habitats (Dethier, 1990). Habitat types described in the compensation
schedule classification can be translated to Dethier's (1990) more detailed
classification scheme, as well as to the Cowardin et al. (1979) habitat classification.
For purposes of the compensation schedule, habitat is defined as including the
substrate and all flora and fauna not incorporated into the other compensation
schedule resourcevulnerability rankings. Each habitat type is rated on a 1-to-5 scale
for two factors, magnitude of resources at risk (hm) and sensitivity to the acute,
mechanical and persistence effects of spilled oil (hsAT, hsM„ and hs,*,,, respectively).
A rating of 5 represents the greatest magnitude of resources at risk or the most
sensitive condition, and a score of 1 represents the lowest magnitude of resources
at risk or the least vulnerable condition. The ratings for the two factors have then
been combined to derive an overall habitat vulnerability score to the acute toxicity,
mechanical injury and persistence effects of spilledoil, as follows:
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hv,= hm * hs,

where:

v, = habitat vulnerability to oil effect i;

hm = magnitude of the resources at risk;

hs, = habitat sensitivity to oil effect i; and

i = acute toxicity, mechanical injury or persistence.

The habitat vulnerability score for a spill isdetermined after a spill occurs to
accommodate the following special considerations. Areas with seagrass or kelp are
treated as separate habitat types and the habitat vulnerability scores (hvj for these
areas is multiplied by 1.5. When more than one habitat type isexposed to spilled oil,
the habitat vulnerability score for the spill is the weighted average of the habitat
vulnerability scores, where weighting is dependent on the size of the spill. For spills
of 1,000 gallons or greater, weighting is defined by percent coverage of the habitat
types within the area of spill exposure. For spills of less than 1,000 gallons,
weighting is defined by percent coverage of the habitat types within the zone(s)
exposed to spilled oil. Weighting differs depending on spill size in an attempt to
reduce administrative costs associated with determining damages for smaller spills.
Therefore, once the percent coverage of habitat types within any zone was
calculated, these values could be used to calculate damages for all subsequent
spills under 1,000 gallons where the compensation schedule isapplied.

Marine Bird Vulnerability Ranking. The marine bird vulnerability ranking
directly incorporates the bird oil index (BOI) developed by Wahl etal. (1981). Marine
bird vulnerability to oil spills is rated for each season and compensation schedule
zone on a 1-to-5 scale, where 5 represents the most vulnerable condition and 1
represents the least vulnerable condition. Vulnerability scores are based on
population abundance and composition of 116 seablrd, shorebird, waterfowl and
raptor species in particular compensation schedule zones by season, as well as life
history characteristics and habitats of the species present. Wahl etal. (1981) did not
determine marine bird vulnerability to oil spills for all of Washington marine and
estuarine waters. Where BOI values were not available, marine bird vulnerability to
oil spills was determined from existing marine bird population information (Wahl and
Speich, 1984; Wahl and Speich, 1983) using the methods described in Wahl et al
(1981) and Manuwal et al. (1979). Marine bird population information was very
sparse for the Washington outer coast at the time of schedule development,
consequently vulnerability scores were based on expert judgement ofthemarine bird
advisory committee participants. The pre-calculated zonal bird vulnerability score for
the appropriate season is used in calculations of damages using the compensation
schedule except as follows: for spills in which threatened orendangered marine bird
species are documented to be exposed to oil, the marine bird vulnerability ranking
score is multiplied by 1.5.
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Marine Fisheries Vulnerability Ranking. The marine fisheries vulnerability
ranking is a modification of a vulnerability ranking developed for marine birds (Wahl
et al., 1981; Manuwal et al., 1979). The marine fish vulnerability ranking rates the
vulnerability of 61 marine fish species and species groups harvested commercially,
recreationally and for subsistence purposes to oil spills in each compensation
schedule zone by season. The following factors are rated to establish species
vulnerability to oil spills in a particular compensation schedule zone: presence and
usual abundance (P), current stock condition (SC), importance to commercial
fisheries (CI), importance to recreational fisheries (Rl), importance as a prey or
indicator species (PI), normal distributional range (PD), adult sensitivity (AS; as
measured by depth of occurrence), larval sensitivity (LS; as measured by presence
and depth of occurrence in a particular season), and egg sensitivity (ES; as
measured by presence and depth of occurrence in a particular season). Each factor
is rated on a 1-to-5 scale where a score of 5 represents the most vulnerable
condition, and a score of 1 represents the least vulnerable condition. The following
formula was developed by marine fisheries advisory committee participants to
calculate species/species group vulnerability for a spill in a particular season and
compensation schedule zone:

V, = P * SC * (CI+RI+PI) * (PD+AS.+ES.+LS.)
where:

V, s marine fish vulnerability for a particular species and region; and

s = season.

Vs was then summed for each harvested marine fish species present in a region to
derive the marine fish vulnerability score (MFVS) for a particular region and season.
The results were then converted to a 1-to-5 scale to derived the final marine fish

vulnerability score (MFVS) for each season and compensation schedule zone. The
appropriate pre-calculated MFVS score is applied to a spill to calculate damages
using the compensation schedule.

Shellfish Vulnerability Ranking. As with the marine fisheries vulnerability
ranking, the shellfish vulnerability ranking rates the vulnerability of harvested species
to oil spills and is based on a modified version of the marine bird vulnerability
ranking (Wahl et al., 1981; Manuwal et al., 1979). The shellfish vulnerability ranking
rates the vulnerability of 38 shellfish species and species groups harvested
commercially, recreationally and for subsistence purposes and takes into account
the following factors for the species present in a particular zone: five year average
annual harvest (H), adult/juvenile habitat (AJH), location and presence of larvae
(LH), location of eggs (LE), Washington population concentration (PC), length and
timing of spawning period (SP), species distribution (SD), population size in
Washington (PS), reproductive potential (RP), and age at sexual maturity (SM).
Each factor was rated on a 1-to-5 scale where a score of 5 represents the most
vulnerable condition, and a score of 1 represents the least vulnerable condition. The
following formula developed by the shellfish advisory committee was used to
calculate species/species group vulnerability for each season and compensation
schedule zone:
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V.= H*(.4AJH+.15LH,+.15LE.+.05PC+.05SP,+.05SD+.05PS+.05RP+.05SM)

where:

V, = shellfish vulnerability fora particular species and region; and

s = season.

Weighting of vulnerability factors was derived through consensus of the shellfish
advisory committee participants. V, was then summed for each of the harvested
shellfish species present in a compensation schedule zone to derive the shellfish
vulnerability score (SFVS) for a particular zone and season. The SFVS scores were
scaled to a 1-to-5 ranking to facilitate comparison with the other resource
vulnerability rankings. The appropriate pre-calculated SFVS for a particular season
and compensation schedulezone is applied to a spill to calculate damages usingthe
compensation schedule approach. For spills in which threatened or endangered
species included in the shellfish vulnerability ranking are documented to be oiled, the
shellfish vulnerability score is multiplied by 1.5.

Salmon Vulnerability Ranking. The salmon vulnerability ranking is a habitat-
based approach developed bysalmon advisory committee participants. The ranking
is based on seasonal habitat preference of juveniles during outmigration and adults
as they return to spawn, and whether spilled oil enters river mouths during the peak
migration of a species. Vulnerability of the following species/age-classes are rated:
Chinook (subyeariing), Chinook (yearling), Coho, Pink, Chum and Sockeye. Pink
salmon are only incorporated into the vulnerability ranking in years they are present
in state waters. Vulnerability ofeach species/age-class in each habitat type is rated
on a 1-to-5 scale where 5 represents the mostvulnerable condition and 1 represents
the least vulnerable condition. The vulnerability ofa particular species/age-class over
all habitat types exposed to a spill is determined by calculating the weighted
species/age-class vulnerability scorewhere weighting isdefined as percent-coverage
of the habitat type within the area of spill impact. Species vulnerability scores are
then averaged to derive the salmon vulnerability score for a spill (the vulnerability
scores for yearling and subyeariing Chinook are averaged to determine the Chinook
vulnerability score for a spill).

For spills in which threatened or endangered races and/or runs of salmon
are exposed to spilled oil, the salmon vulnerability score (SAVS) is multiplied by a
factor of 1.5. Because the salmon vulnerability ranking is based on habitat types
affected by a spill and other spill-specific information, SAVS is calculated at the time
of a spill.

Marine Mammal Vulnerability Ranking. The marine mammal vulnerability
ranking rates the vulnerability of 15 marine mammal species commonly found in or
migrating through Washington waters to oil spills. As with the marine fish and
shellfish vulnerability rankings, the approach used is based on a modification of the
marine bird vulnerability ranking (Wahl et al., 1981; Manuwal et al., 1979). The
marine mammal vulnerability ranking takes into consideration the following factors for
each species rated to account for vulnerability to oil spills: presence/abundance in a
region or subregion (P), physiological vulnerability to presence of oil (PV), primary
habitat (PH), vulnerability ofbreeding population (VB; where applicable), vulnerability
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of non-breeding population (NB; where applicable), likelihood of impact based on
feeding behavior (FH), Washington population status (WA), and population status in
the North Pacific (PS). Each factor is rated on a 1-to-5 scale where a score of 5
represents the most vulnerable condition, and a score of 1 represents the least
vulnerable condition. The following formula was developed by marine mammal
advisory committee participants to calculate vulnerability for each marine mammal
species present in a particular zone during a particular season:

V, = P*(PV*+PH2+VB,*+NB,+WA2+NP+FH+PS)
where:

V, = marine mammal vulnerability fora particular species and region;
and

s = season.

V, was then summed for each species present in a compensation schedule zone to
derive the marine mammal vulnerability score (MVS) for a particular region and
season. The MVS score was scaled to a 1-to-5 score to facilitate comparison with
the other resource vulnerability rankings. The appropriate pre-calculated MVS for a
particularseason and compensation schedule zone is applied to a spill to calculate
damages using the compensation scheduleapproach. MVS is multiplied by a factor
of 1.5 when spilled oil comes into contact with threatened or endangered marine
mammal species.

Recreation Vulnerability Ranking. The recreation vulnerability ranking rates
the vulnerability of marine-and estuarine-related recreationto oil spills. Vulnerability
for this ranking is based on number, size and attributes of public shore sites present
in compensation schedule zones and seasonal use levels. All of the public shore
sites bordering marine and estuarine waters of the state (excluding the Columbia
River Estuary) as described in Scott and Reuling (1966) were evaluated by
recreation advisory board participants over the following attributes: fish and wildlife
values, water contact sports, boating use and aesthetic character. Attribute scores
were summed and multiplied by shoreline length of the site to derive a site score.
Sites were then aggregated by compensation schedule zone and site scores were
summed to derive a zonal score. Proportion of recreational use in each season was
then calculated from five years of Washington State Parks use data. The zonal
score was then multiplied by the proportional use by season to derive a recreation
vulnerability score (RVS) for each subregion by season. This score was then scaled
to a 1-to-5 ranking to facilitate comparison with other resource vulnerability rankings.
The appropriate pre-calculated RVS is used to calculate damages when using the
compensation schedule.

The Oil Effects Rankings

The oileffects rankings rate the relative severityof spilledoils to cause the following
three environmental effects: acute toxicity, mechanical injury, and environmental
persistence. The rankings were developed by Leschine et al. (1991) and reviewed
by an oil effects advisory committee. Some small modifications have been made to
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Leschine et al.'s rankings based on comments received on the draft state
regulations during the public comment period. The three effects were rated for the
following crude oil and five oil products which comprise approximately 90 percentof
the volume of oil shipped through Washington coastal waters: Prudhoe Bay crude
oil, bunker C, no. 2 fuel oil, gasoline, kerosene and kerosene-type jet fuel. The
following sections describe the criteria used to develop the oil effects rankings.

Acute Toxicity Ranking. Leschine et al. (1990) found that relative
differences in acute toxicity effects among crude oils and petroleum products are
best described by content, absolute toxicity and solubility of constituent 1-, 2- and 3-
ring aromatic compounds. The following formula was developed to describe these
relationships:

Relative Acute Toxicity = SOL/PCT-W^+SOIVPCT-WTj+SOL/PCT-WTj

where:

SOL, = solubility in seawater of i-ring aromatic hydrocarbons;

PCT-WT, = percent-weight of i-ring aromatic hydrocarbons in crude
oil or refined product; and

1= 1,2.3.

Solubilities and percent-weight composition of 1-, 2- and3-ring aromatic hydrocarbon
compounds of the crude oil and oil products were determined from existing
information. Formula results were then scaled to a 0-to-5 ranking (where 0
represents the least harmful condition and 5 represents the most harmful condition).
Because formula results did not adequately represent the acute toxicity for Bunker
C, the acute toxicity ranking for this oil product was made equivalent to the ranking
derived for No. 2 Fuel Oil. This decision was based on empirical information derived
from oil toxicity studies by Anderson et al. (1974). The pre-calculated acute toxicity
ranking scores provided below in Table 1 are used in determinations of damages
when applying the compensation schedule.

Table 1. Relative acute toxicity rank for selected oils.

Crude OD orOil Product Relative Acute Toxicity Rank (OILAT)
Prudhoe Bay Crude Oil 0.9
Bunker C 2.3
No. 2 Fuel Oil 2.3
Gasoline 5.0
Kerosene 1.4
Jet Fuel 1.4

Mechanical Injury Ranking. Mechanical injury is primarily caused by the
ability of some oils and oil products to coat or smother flora and fauna. Leschine et
al. (1991) found that relative differences in an oil's propensity to cause mechanical
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injury are best described by differences in API gravity (another way to describe an
oil's specific gravity or density). Leschine et al. (1991) used the following general
relationship to describe an oil's propensity to cause mechanical injury: the lower an
oil's API gravity (i.e., the higher the specific gravity or density), the greater the oil's
propensity to cause mechanical injury. To rank mechanical injury on a relative scale,
API gravity was first converted to specific gravity using the following formula:

specific gravity = 141.5/(API° + 131.5).

Linear interpolation was then used to scale specific gravity to a 1-to-5 scale where a
score of 1 represents the least harmful condition, and a score of 5 represents the
most harmful condition. Table 2 provides the API gravity of the selected crude oil
and oil products, and the mechanical injury ranking score.

Table 2. API gravity and mechanical injury rank for selected oils.

Relative Mechanical

Crude Oil or Oil Product API Gravity
Prudhoe Bay Crude Oil 27.8

Bunker C 13.0

No. 2 Fuel Oil 31.6

Kerosene 41.5

Gasoline 62.4

Jet Fuel 35.8-56.7

Injury Rank
3.6

5.0

3.2

2.4

1.0

2.4

Persistence Ranking. Because limitations in the available data do not allow
comparisons to be made between an oil's propensity to persist in the environment
and specific classes of compounds comprising the oil, Leschine et al. (1991) used a
judgmental approach to relatively rank the oils' propensity to persist in the
environment. An oil's propensity to persist in the environment was classified into one
of the five categories listed in Table 3.

Table 3. Oil persistence categories.

Relative Expected
Oil Retention Time Persistence Ranking

Five to ten years or more 5

Two to five years 4

One to two years 3

One month to one year 2

Days to weeks 1

Persistence ranking scores were assigned to the selected oils based on
empirical information (Leschine et al., 1991). These scores are presented in Table 4.
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Table 4. Persistence scores for selected oils.

Crude OH or Relative

OU Product Persistence Rank

Prudhoe Bay Crude Oil 5

Bunker C 5

No. 2 Fuel Oil 2

Gasoline 1

Kerosene 1

Kerosene-Type Jet Fuel 1

Damages Determination

Damages are derived under the compensation schedule by applying a
formula which utilizes the resource vulnerability and oil effects rankings. The
resource vulnerability scores determined using the methods described above are first
combined into a single spill vulnerability score (SVS). Resource vulnerability scores
for a spill are simply added together to derive a SVS for acute toxicity, mechanical
injury and persistence as follows:

SVS, = HVS, + BVS + MFVS + SFVS + SAVS + MVS + RVS
where:

SVS, s spill vulnerability score for oil effect i;
HVS, = habitat vulnerability to oil's propensity to cause i;
BVS = marine bird vulnerability score;
MFVS = marine fisheries vulnerability score;
SFVS = shellfish vulnerability score;
SAVS = salmon vulnerability score;
MVS s marine mammal vulnerability score;
RVS = recreation vulnerability score; and
i = acute toxicity (AT), mechanical injury (Ml), or persistence (PER).

The spill vulnerability scores (SVS,), oil effect scores (OIL,), and number of gallons
spilled are then utilized in the following formula to derive damages:

Damages ($) = gallons spilled *0.1 * [(OILAT*SVSAT)+(OIIVSVSMI)+(OILpim*SVSpER)]

where:

gallons spilled = the number of gallons of oil spilled;
SVS, = spill vulnerability score for oil effect i;
OIL, = oil effect score for oil effect i;
i = acute toxicity (AT), mechanical injury (Ml), and persistence (PER)
effects of oil; and
0.1 = multiplier to adjust the damages calculated to the $1 - $50 per
gallon range.
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The multiplier is inserted-into the formula to adjust the dollar amount of
damages calculated to the one to fifty dollar per gallon of spilled oil range. The com
pensation schedule also allows for reduction of damages based on actions taken by
the party responsible for the spill. Actions resulting in a reduction in damages include
protection of specific resource features (seal and sea lion haulouts, public recreation
sites, marine fish spawning areas, salmon concentration areas, shellfish beds and
seabird breeding colonies), resource restoration, rehabilitation or enhancement, and
immediate containment and removal of oil from open water areas. The amount of
the reduction in damages varies depending on the circumstances of a spill but
cannot be reduced below one dollar per gallon of oil spilled.

Discussion

It is anticipated that adoption of the oil spill compensation schedule into
Washington State regulations will significantly improve the state's ability to recover
compensation for damages to public resources caused by oil spills. Not only will the
compensation schedule provide a mechanism to assess damages where such
assessment is not technically feasible, the schedule will also provide a mechanism
to assess damages where the cost of assessment is anticipated to exceed
damages. This is important notonlyfor the moderate to large size spills, but also the
smaller-sized spills which constitute the vast majority of Washington spills. No
damage assessments were conducted on nearly 1,000 spills that occurred during a
21-month period. There are two main reasons why damages are not assessed,
namely assessment costs are anticipated to greatly exceed damages that could be
recovered and no responsible party can be identified. With the compensation
schedule damage assessment is greatly simplified, substantially reducing cost of
assessing damages. The result will be that damages are assessed on a much
greater percentage of spills. Although the compensation schedule will not have an
impact on spills of substances otherthan oil, or for cases in which no responsible
party is identified, the schedule will undoubtedly improve the efficiency of the
damage assessment process where it is applicable. The coming monthswill provide
an opportunity to evaluate the success of the Washington Compensation Schedule.
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Abstract

PREVENTING OIL SPILLS: WHAT'S 'BEST?
Paul Heimowitz

Washington State Department of Ecology

In response to the many hard lessons learned from the Exxon Valdez oil
spill, the federal government and many states have initiated oil spill prevention and
response campaigns via new laws, regulations, and other activities. The Washington
legislature recently passed the 1991 Oil Spill Prevention and Response Act, a
comprehensive bill that recognized the benefits of prevention through requirements
for vessel and facility prevention plans, facility operations guidelines and other
measures. In drafting requirements for Industry, the legislature used such terms as
"best achievable protection" and "best achievable technology." The statutory
definitions of both phrases directly involve environmental, technological and
economic variables. Indirectly, shaping these terms in regulation will involve the
political variable of public comment, which plays an important role in Washington's
rulemaking process.

This paper examines the definition of "best" as it relates to prevention from
the perspective of each of these four variables. Environmental protection factors
include baseline exposure levels, past spills, worst-case scenarios, and natural
resource damage assessment. Technology factors involve existing capabilities,
current research and development efforts, safety, and engineering feasibility.
Economic variables include commercial availability, capital expenditures, operating
costs, and spill-related cost incentives. Finally, the political variable includes input
from outside interests, including industry, environmental organizations, tribes, and
local citizen concerns. The Washington Department of Ecology's efforts to
coordinate with existing regulatory programs, and to work with industry,
environmental groups and other interests through technical work groups, have
provided a framework in which to define the variables involved in "best achievable
protection." Ultimately, this effort will result in oil-handling operations and design
performance standards, as well as prevention plan review guidelines, that can set
effective expectations for facility oil spill prevention programs.

Introduction

Of the many truths emphasized by the aftermath of the Exxon Valdez
tragedy, one of the most clear was that in the event of a catastrophic oil spill, spill
response is not an adequate line of defense in protecting the environment and public
from the impacts of oil. This concept, while not a new one, has also been the
primary message of the many groups that have assembled in the past few years to
study spills. In its 1990 final report, the States/British Columbia Oil Spill Task Force
declared, "Since response efforts can not effectively reduce the impact of large oil
spills, prevention of spills must be the prime strategy in developing solutions to this
issue." Similarly, the primary recommendation from the Alaska Oil Spill
Commission's 1990 final report on the Exxon Valdez spill was that "prevention of oil
spills must be the fundamental policy of all parties in the maritime oil transportation
system." Following this philosophy, the Washington legislature passed the Oil Spill

123



Prevention and Response Act (OSPRA) in 1991. While this statute amended a
number of spill response-related laws, it established a broad array of requirements
intended to reduce the likelihood of spillsoccurring in state waters. The Washington
legislature clearly stated in the statute that: "The legislature finds that prevention is
the best method to protect the unique and special marineenvironments in this state.
The technology for containing andcleaning up a spill of oil orhazardous substances
is in the early stages of development. Preventing spills is more protective of the
environment and more cost effective when all the costs associated with responding
to a spill are considered."

In the 1991 OSPRA, the legislature charged the Washington Department of
Ecology with the regulatory responsibility of implementing these legislative spill
prevention and response provisions with respect toonshore and offshore oil-handling
facilities. The legislature created a new state agency, the Washington Office of
Marine Safety, to develop such programs for tank ships and other vessels (while the
scope of this paper does not include vessel spill prevention, much of the issues
discussed are applicable). At this point, no offshore facilities exist inWashington, so
the Department of Ecology is essentially focused on onshore facilities. An onshore
facility is defined by statute as one that transfers oil in bulk to or from tank vessels
or pipelines and is located on or near navigable waters ofthe state such that it could
be reasonably expected to cause substantial harm to the environment by an oil
discharge. The definition's lack of quantitative criteria, such as a minimum storage
volume, and its use of ambiguous terms such as "reasonably expected to cause
substantial harm" (a term federal agencies are currently analyzing with respect to its
usage in the Oil Pollution Act of 1990), complicates the ability to identify regulated
onshore facilities. However, the Department of Ecology has identified approximately
65 facilities in the state that appear to be covered by OSPRA requirements. While
this number is primarily restricted by the condition regarding tank vessel/pipeline
transfer, diverse facility types are covered, ranging from large refineries with major
marine terminals and multi-million-gallon tanks to small distributors in the San Juan
Islands that have only a few personnel involved in oil-handling operations. Among
many new requirements under OSPRA, regulated onshore facilities must develop
prevention plans that document those measures taken bythe facility to provide "best
achievable protection" from oil spills. Plans must be submitted to the Department of
Ecology by Jan. 1, 1993, at which point they will be reviewed for adequacy. The
primary statutory criterion for adequacy is that the plans provide "best achievable
protection" from damages caused by the discharge of oil into Washington state
waters. It is in the development of prevention plan standards by rule, and moreso
during the review of prevention plans, that Department of Ecology staff mustanswer
the question "what's best?"

The main guidance given bytheWashington legislature to solve this puzzle
takes the form of the definition of "best achievable protection," which is:

The highest level of protection that can be achieved through the use of thebest
achievable technology and those staffing levels, training procedures, and
operational methods that provide the greatest degree of protection available.
The director's (of the Department of Ecology) determination of best achievable
detection shall be guided by the critical need to protect the state's natural
resources and waters, while considering the additional protection provided by
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the measures, the technological achievability of the measures; and the cost of
the measures.

A key term in this definition is "best achievable technology," which is
defined in statute as:

The technology that provides the greatest degree of protection, taking into
consideration processes that are being developed, or could feasibly be
developed, given overall reasonable expenditures on research and
development, and processes that are currently in use. In determining what is
best achievable technology, the director (of the Department of Ecology) shall
consider the effectiveness, engineeringfeasibility, and commercial availability of
the technology.

The "best achievable protection" concept is not unique to Washington,
appearing in other oil spill legislation such as California's Lempert-Keene-Seastrand
Oil Spill Prevention Act. The definitions of "best achievable protection" and the
related "best achievable technology" together involve a number of factors that break
down into three categories: environmental variables, technological variables and
economic variables. Indirectly, shaping these terms in regulation will involve the
political variable of public comment, which plays an important role in Washington's
rulemaking process. The following sections discuss each of these variables in more
detail.

Environmental Variables

Defining "best achievable protection" requires consideration of past and
worst-case spills, baseline environmental exposure to oil, and environmental im
pacts—in other words, "what are the risks?" This question involves examining the
probability of a spill's occurring, and then the potential impacts of that spill on the
environment. Washington law, similar to federal law, focuses on the threat of a
worst-case spill, which from an onshore facility is the "largest foreseeable spill in
adverse weatherconditions." Based on past spills and otherexisting regulations, the
Departmentof Ecology has refined the definition by rule to involve the volume of the
facility's largest aboveground tank. However, recent facility spills in Washington,
such as Texaco's February 1991 spill inAnacortes, have involved significantly lesser
volumes than the largest tank capacity and yet resulted in significant natural
resource damages. Therefore, while Washington's rules may focus foremost on
protection from catastrophic spill risks, they need to address smaller spills as well. In
order to identify the ranges of oil spill risks present at a facility, the Department of
Ecology will require prevention plans to include a detailed risk analysis prepared
under the supervision of a licensed professional engineer. This risk analysis must
analyze the oil transfer, production and storage systems in the facility, including
tanks, pipes and associated equipment, to identify potential risks of structural failure,
operation errors and other key spill causes. In addition, the facility must identify and
evaluate the causes of past spills, particularly those greater than 25 barrels. The
many types of regulated facilities dictate the need to examine these risks case by
case, rather than applying a blanket list of common spill risks to each facility.
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Environmental sensitivity Is the second part of the equation; for a given
level of spill risk, expectations for protection strategieswill depend on the impacts of
that spill to the environment. A prevention measure designed to reduce a particular
spill risk at facilities will yield a greater benefit in areas where impacts will be to
highly valuable environmental resources (e.g., salmon spawning areas) thanareas of
less environmental value (e.g., previously damaged urban bays). Therefore, it is
important to develop thorough baseline information on vulnerable natural resources
that may be affected by a discharge associated with identified facility risks. Knowing
existing environmental sensitivity is necessary as well, particularly if past or ongoing
oil damage from non-facility spill sources (e.g., stormwater runoff) limits the
protection a facility's individual oil spill prevention measures can provide. The
Department of Ecology has developed a series of maps that identify environmentally
sensitive areas for a large portion of Washington's waters and coastlines. Under its
Preassessment Screening and Oil Spill Compensation Schedule Rule (WAC 173-
183), the Department of Ecology has ranked these areas on a 1 to 5 scale for
damage assessment purposes, with 5 being highest in vulnerability due to habitat
and other values. Efforts continue to add to this information base, which will be a
key tool in evaluating best achievable protection.

Technological Variables

Washington's definition ofbest achievable technology is interesting because
it requires the Department of Ecology to look notonly at existing capabilities or even
technology under development, but technology that could feasibly be developed.
Nevertheless, the first step in this challenging exercise is to focus on facilities'
existing prevention measures. While technology invokes images of circuitry and
machinery, it captures operational techniques and other "non-hardware" aspects
within its context in "best achievable protection." Facilities often have unique risks
that have spawned different approaches to spill prevention. The range of regulated
facility types in Washington adds to this variety. For example, while a major refinery
may have installed a state-of-the-art electronic monitoring system to measure
pipeline leaks, a small-terminal operator might be able to accomplish the same end
by visual means. For this reason, the Department of Ecology has recognized the
importance of visiting diverse facilities to identify these differences. Still, there are
common practices that apply to most oil handling facilities; these are often
delineated in industry guidelines by organizations such as the American Petroleum
Institute. Reviewing these standards, as well as trade journals and other information
sources, can provide insight into technology that has already proven useful in some
arenas.

While existing measures often represent the best practices available, they
also may represent a status quo that has not evolved due to a lack of incentive for
improvement. Therefore, it is necessary to tap into research and development ideas
and projects that may not have made it off the drafting room floor and onto the
facility site. Research conference proceedings, journal articles and other sources
provide limited glimpses into new technology. The Department of Ecology is also
pursuing this information through its formation of a technical subcommittee
composed of industry and non-industry representatives with specific engineering
expertise in storage tank design, transfer operations and other areas where spill
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prevention is emphasized. One of the subcommittee's roles is to provide insight on
new practices or technology which could reduce spill risks but are not currently in
place in Washington facilities. For a similar function, the Department of Ecology has
contracted with an engineering consulting firm based in western Canada to provide
information on new and emerging oil spill prevention technology. The Department of
Ecology is directing a significant part of the subcommittee's and consultant's focus
toward pipeline leak detection and control; a technology that has not been
intensively used at many onshore facilities in Washington. In fact, a contracted
report on the potential application of leak detection and control methods for facility
transfer pipelines is under development. Ultimately, the increasing costs of spills, as
well as technological advances inother fields, will most likely promote expanded spill
prevention capabilities in the future. The Department of Ecology and other regulatory
agencies will need to keep one eye on these changes and allow their requirements
to evolve with the technology itself.

In addition to keeping one eye on developing technology, Washington's
OSPRA requires the Department of Ecology to keep a critical eye on feasibility as
well. The consulting and subcommittee teams described above have an additional
role to provide feedback on the limitations of new technology, based on the realities
they have dealt with in running operations at an oil-handling facility. New accident-
prevention concepts that work for one industry may not apply to the transfer or
storage of oil. This evaluation is particularly important given the range of facility
types involved in Washington. Safety is another basic consideration of feasibility; a
new device that can improve corrosion detection capabilities is not providing "best
achievable protection" if its use causes a significant risk to worker health. Overall,
feasibility often overlaps with the economic aspect of defining "best achievable
protection," as many oil spill prevention measures can be applied given enough
expenditures on engineering.

Economic Variables

While much can be done to prevent oil spills at a less expensive price than
that incurred when a spill occurs, spill-prevention technology and practices can in
volve significant capital expenditures and operating costs. There is a range of
perspectives as to how economic variables should be factored into setting expec
tations for facility spill-prevention measures. Straight environmental economics might
define "best achievable protection" as the point at which the marginal costs of
preventing an oil spill equal the marginal cost of having a spill (Randall, 1987).
Campaigns for "zero pollution tolerance" or "jobs first" might argue to shift that
balance. However, simply for the need to develop spill-prevention priorities that
involve the biggest "bang for the buck," it is important to compare the economic
value of spill-prevention costs and benefits. On the cost end, capital expenditures
will be likely where new equipment must be installed, such as tank overfill alarms.
The capital costs may be less for new construction than for upgrades to existing
features ofthefacility (e.g., redesign oftank farm berms). Most ofthese large capital
expenses will be amortized over the lifespan of the measure. The Department of
Ecology will need to be aware of implicit costs associated with a capital improvement
(e.g., lost opportunities, lost revenues from operations down-time forced by
installation). Secondly, prevention measures will involve long-term operations costs.
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These costs may range from payment for extra hours by facility personnel
performing additional inspections to decreased daily production (i.e., decreased
revenues) because of switching to a more conservative oil-transfer practice. On the
other side of the coin, a spill-prevention measure can be associated with savings
from prevented spills. Estimating this savings depends first on the ability to quantify
how much a particular measure has reduced the risk of an oil spill (e.g., a tank liner
will minimize the chance of a spill of x gallons by y percent); that factor then can be
multiplied by the cost of the avoided spill. The direct and indirect costs of a prevent
ed spill both must be addressed. Direct costs of oil spills—oil removal, disposal,
damage to commercial species—are typically straightforward and the traditional
focus of oil spill assessments. Indirect costs involve non-market issues, such as
damage to wildlife, habitat, recreational resources and quality of life; these costs can
be estimated by a suite of methods (e.g., contingent valuation); each with their own
challenges. The Department of Ecology's Preassessment Screening and Oil Spill
Compensation Schedule Rule assigns regions of the state with damage
compensation values that include non-market values; this information will be useful
in determining the cost-benefit ratios for prevention measures at particular facilities.

A final economic aspect of the statutory definition of "best achievable
protection" is commercial availability. While technological analysis of a spill-preven
tion measure may demonstrate that it is feasible, a particular facility may find
difficulty in obtaining access to the measure if it lacks the resources to develop the
measure independently, or if proprietary rights are involved. This can be a two-way
street; a collective interest in a particular technology by industry could drive that
technology to become commercially available on the market.

Political Variables

The political variable of best achievable protection is certainly not contained
in the statutory definition, but it needs to be recognized as a force that shapes the
expectations for best achievable protection that emerge from the Department of
Ecology's consideration of the environmental, technological and economic variables.
This political variable mainly involves the influence from outside interests, including
industry, environmental organizations, tribes and local citizens, on developing
regulations—in this case, on the definition of best achievable protection. In a
vacuum, a regulatory agency may weigh in economic, technological, and
environmental factors to the development of standards, and come up with one
approach. However, in a political world, a very differentstandard may emerge based
on different interpretations of how these variables interrelate, as well as on different
priorities regarding which should predominate. Often compromise plays a large role
in setting standards; middle grounds may prevail, particularly within a range of
options for numerical standards. The Departmentof Ecology attempts to account for
this variable as much as possible through its public involvement strategies. In
addition to public workshops and hearings designed to solicit external input, the
Department of Ecology has established a prevention work group composed of
representatives from regulated facilities, environmental and citizen groups, tribes and
other interest groups. This group is playing a key role in providing review and input
while the Department of Ecology crafts the definition of best achievable protection.
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Coordination with other state and federal agencies is a related external
influence on defining best achievable protection. While oil spill prevention is a new
arena for most states, it has been the subject of many federal regulations for years
(e.g., U.S. Environmental Protection Agency's Spill Prevention,Countermeasure and
Control regulations under Title 40. U.S. Code of Federal Regulations, Part 112). In
some cases, federal regulations may actually preempt states from developing their
own standards. For example, the federal Pipeline Safety Act contains language that
keeps pipeline safety requirements for interstate pipelines primarily in the federal
domain. For areas where federal preemption is not at issue, the state must consider
the problems of defining best achievable protection that could conflict with federal
standards or is groundlessly inconsistent with other states' programs. The
Department of Ecology has benefitted greatly regarding this challenge through its
involvement with the States/British Columbia Oil Spill Task Force, composed of the
environmental agency representatives from California, Oregon, Washington, Alaska
and British Columbia. One of the task force's primary missions is to promote
consistency among the West Coast jurisdictions and withfederal authorities.

Implementation Strategies

The above discussion addresses the variables that needed to be
considered when defining best achievable protection. Separate from that issue lies
the question of regulatory methods which the Department of Ecology may use to
approach defining "what's best?" particularly for the review of facility spill-prevention
plans. Three primary implementation strategies are planned. First, in addition to the
prevention plan rule mentioned earlier, the Department of Ecology is required by
OSPRA to develop an associated rule that sets operation standards for facilities.
These standards will involve quantitative performance requirements and will be the
Department of Ecology's most concrete and formal approach to defining best
achievable protection. For example, in the realm of leak-detection from transfer
pipelines (a deficiency exposed by recent Washington spills), the operations rule
may require a regulated facility to possess a system of detecting leaks of a certain
volume orpercentage of flow within a specific time. As a performance standard, this
requirement would allow flexibility and creative opportunities to achieve this goal
through the most appropriate means. However, the rule would provide facility staff
and Departmentof Ecology prevention plan reviewerswith a well-defined benchmark
to gauge whether the facility is providing best achievable protection with respect to
leak detection. The administrative burden of having to revise the rule requirements
to reflect changes in best achievable technology orother variables presents one key
drawback to this approach.

While facility prevention plans must comprehensively address all applicable
oil spill risks, the Department of Ecology most likely will not adopt specific perfor
mance standards by rule for certain prevention measures due to information
limitations orcomplexities caused by the variety of regulated facilities. For example,
it may be difficult to define exact performance standards by rule for methods to
prevent vandalism. In such cases, the next layer of defining best achievable
protection rests in development of Department of Ecology guidelines, primarily
through some form of handbook. These guidelines would elaborate on the rule and
provide technical information (e.g., strengths and weaknesses of facility lighting
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systems and other security measures). These guidelines would set direction for
Department of Ecology prevention plan reviewers but would also be available to
regulated facilities. This approach has been successfully used by the Department of
Ecology for oil spill contingency plan review and otherpurposes, as well as by other
states; it is more adaptable to change than a rule, but therefore is also more
susceptible to ambiguity.

Finally, a certain amount of Department of Ecology decisions on what is
best achievable protection involve direct interpretation of the rule provisions by a
prevention plan reviewer using his or her best professional judgement. This
discretion is necessary given the complex nature of oil spill prevention at facilities
and the diversity of facilities involved. However, it requires constant attention among
plan review staff to catch inconsistencies and keepaware of developments on the oil
spill prevention horizon.

Conclusions

Although Washington's spill-prevention legislation and its focus on "best
achievable protection" and "best achievable technology" are new, the challenge of
defining what's best in the field of environmental regulation has always existed.
Performance standards have been used to establish expectations for"what's best" in
many arenas, from wastewater treatment requirements to air release allowances;
andtheir application appears well suited for the sake of oil spill prevention as well. In
setting its expectations for facility oil-spill-prevention programs, the Washington
Department of Ecology will need to integrate environmental, technological and
economic factors, shaped in part by external political forces. Where this process
results in underlying expectations for all facilities, regulatory performance standards
will be adopted; less pervasive conclusions will need to be applied case by case
through general guidelines and bestprofessional judgement. Evaluating oil spill risks
requires a systems approach; a patchwork of regulatory band-aids developed in
response to specific problems in particular spills rather than by looking at the entire
facility oil-handling system will not provide best achievable protection when new
problems arise. The Washington Department of Ecology's effort to apply the
statutory concept ofbestachievable protection will generate a comprehensive set of
decisions regarding how to balance the costs of oil spill risks inherent in oil
consumption with the extent of industry strategies required to reduce these risks.
Ideally, Washington's decisions regarding what's best for safeguarding its resources
from facility oil spills can mesh with expectations of other state, federal and
international authorities and provide a consistent blanket of overall protection.
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OIL SPILL INSIDE THE LAGOON OF VENICE: A SIMULATION
A. Bergamasco, M. Marcelli, G. Mattietti, G. Umgiesser

ISMES; ISDGM-CNR, Italy

Introduction

This presentation is one part of an ISMES research program commissioned
by the Ministry of Environment on the risk of technological disaster in the main
Italian ports and along the main routes of tankers. Within this general program our
staff has focused its work on the study of an oil and/or chemical spill in the Adriatic
Sea. The situation of this sea and its coastline has been analyzed, and some areas,
which have both high environmental "sensibility" and high accident potential, have
been investigated.

The first results for the Lagoon of Venice, one of the most representative
areas from an environmental, artistic and industrial point of view, are presented in
Figure 1. The whole lagoon system is dominantly water-based or water-related.
Much of the lagoon outside the navigation channels is extremely shallow and the
water movements are highly variable.

Geography and Hydrology

The Lagoon of Venice is located in the northern end of the Adriatic sea. It
is about 50 km long, and its width varies between 10 km and 15 km. About 75
percent of its area is very shallow water, no deeper than 2 m. Between these
shallow regions run narrow, deep channels whose depths reach from 20 m to a
maximum of 50 m close to the inlets. In the eastern and northern parts exist wide
areas of intertidal flats (Barene and Velme) that govern the dynamics of the region.

The three inlets, Chioggia, Malamocco and Lido, have a maximum width of
1 km and connect the lagoon to the open sea. The maximal astronomical tide at
these inlets amounts to an amplitude of 50 cm. Extreme meteorological situations in
which the city of Venice is flooded by the high water have not been taken into
account.

Humans and the Venetian Environment

Thanks to its artistic treasures, unique features and location, Venice is one
of the most famous cities of the world. In addition, Venice-Porto Marghera is an
industrial center and a very important port (Table 1). Petroleum products for the
petrochemical industries of Porto Marghera, raw material inputs to refineries and
other chemicals are transported by big tankers crossing the lagoon to the port. In
1989, a total of 12 billion tons were transported through the port (AA. VV., 1989).
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Table 1. Weights (in thousands of tons) of dry goods and petroleum products
shipped through Porto Marghera in 1989. [Source: Proweditorato al porto di
Venezia]

Solid Fuels 2,611

Minerals 1,180
Chemicals 2,227
Phosphates and fertilizers 1,601
Other goods 1,958
Crude mineral oils 4,865
Mineral oil derivatives 6,573

Many studies on the impact of the industrial zone and port on the
environment have been carried out, but an exhaustive risk analysis of technological
accidents is still underway, as well as application of an appropriate and advanced
monitoring technology (Bruzzi and Marcelli, 1990). Protection and prevention plans
are necessary for the safeguard of the lagoon environment. Less known than the
historic city of Venice, it is one of the most beautiful wetlands of Europe for its
landscapes and richness of flora and fauna.

The Ramstadt Convention ranked the Lagoon of Venice No. 1 for its
value—especially for its recovering migratory birds—along with the mouths of the
Danube, Guadalquivir and Rhone rivers.

A Simulated Oil SpDI In the Lagoon

An accident was simulated along the main route of tankers into the channel
of the Malamocco Inlet. In the simulation, one "particle" of oil is released every five
seconds for four days (69,120 particles). Because this is not yet a true model of an
oilspill's behavior, the amountof oil represented by one particle is arbitrary.

The simulation was done for two meteorological conditions: the
northeastern "Bora" wind and southeastern wind "Scirocco." For both, a typical
constant wind speed of 6 m/sec is used.

Circulation in the lagoon is controlled by the tide. The tide used at the inlet
is a typical monochromatic M2 with an amplitude of 40 cm and a period of 12 hours.
It carries about 90 percent of the signal and arrives in Venice in about an hour with
no appreciable damping.

A two-dimensional model was used to study the problem. The
hydrodynamic evolution of the basin was described using a finite elements model,
and the spatial distribution of the "particles" in the field of motion was described by a
Lagrangian model. The coupling of these models allows representation of dissolved
or suspended matter that is transported in the field of motion.

The Finite Elements Method: Spatial Description

A finite elements method takes into account variations in horizontal
parameters, such as coastline, bathymetry and physical phenomena, and in the
vertical direction the number of levels that determines the degree of resolution of the
model. Because not all the domain requires the same detail, it is possible to
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describe certain zones in the model more accurately than others. The use of this
method allows for an accurate description of a front, i.e., a zone with a steep
gradient. The finite differences method in this case would encounter the problem of
choosing a grid fine enough to model the channels but coarse enough to keep the
number of points reasonably small.

The domain of interest has been divided into triangles (elements) that may
vary in form and size. In these elements all the parameters and unknowns are
defined with the help of form functions that vary linearly over each element. A grid
containing about 1,000 nodes and 6,500 elements has been set up (Figure 2) using
digitalized bathymetry.

The Equations

The equations used are the continuity equations, the primitive momentum
equations in conservative form with the Boussinesq approximation, the transport
diffusion equations for salinity and temperature and the equation of state. A detailed
discussion on the strategies applied for the solution can be found in Umgiesser and
Bergamasco (1991).

Some important considerations are to be made in this case. In shallow
water, the bottom friction term is several magnitudes greater than a horizontal eddy
coefficient, so no turbulent viscosity is considered. The Coriolis term is ignored be
cause the dimensions of the basin are small. Only one vertical level has been
considered, because the water is well mixed due to tides, and no stratification
occurs.

Consequently the transport process due to the baroclinic phenomena has
been neglected, supposing the density is constant. As mentioned above the forcing
term is the wind.

Results and Conclusions

A FORTRAN program runs the described numerical model on VAX/Digital.
Finite elements have been chosen to cope with the "shallow water" theory. The
following consideration have been made for the two runs:

Bora wind simulation. The diffusion of the spilled matter is slow but
constant and dominates the advection. In this case, the spill will reach a large zone
of fiat lands important to wildlife and, within two days, some cultivated areas and fish
farms. Figure 3 shows an example of a 4-day run.

Scirocco wind simulation. In this case, the advective term overrides the
diffusive term. The propagation of the spilledmatter will follow the rhythm of the tide
as it drifts toward Venice. The industrial zone will be reached soon, and, after the
third day the oil will enter Venice from the Grand Canal. Figure 4 shows an example
for a 4-day run.

Further refinements to this model are planned. A detailed risk analysis is
also planned for another important oil terminal, Trieste, and the northern Adriatic
Sea. Other steps are yet to be completed, including the introduction of the Coriolis
term, the density field and vertical layering.
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At this stage the number of particles leaving the lagoon from the
Malamocco Inlet has not been considered, but with expansion of the simulation to
the Adriatic Sea, the model will also follow the behavior of the spilled matter outside
the lagoon, because the number of particles gives information on the concentration
of the spilled matter.

Moreover, the great importance of advection in the process is confirmed by
the large number of particles reaching the channels.
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PORTO MARGHERA

Rgure 1. The Lagoon of Venice.

— Lagoon boundaries

ES Industrial zone

ra 'Valli da Pesca" (Fish-farm)

™ Backfilled areas

Ship channels (main routes)

# "Oil spill" simulation source.

137



Rgure 2.The grid1 used for the computer simulation
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A STUDENTS OIL SPILL PREPAREDNESS EDUCATION PROGRAM
Darryle Waldron

Clean Seas

Simon A. Poulter

Fugro-McClelland (West) Inc.

Abstract

Following the Exxon Valdez incident, the Clean Seas oil spill cooperative
received numerous requests from local educational institutions for additional infor
mation on oil spill response procedures. In response, Clean Seas undertook the
development of an educational package which could be sent to schools. This
package was designed to provide more information on Clean Seas, the causes of
and how to prevent oil spills, and how the equipment usedto recover oil is designed
to work.

Introduction

The intense media coverage of the Exxon Valdez oil spill in Prince William
Sound greatly increased public awareness and concerns regarding the potential
environmental impacts associated with large marine oil spills. As a result, Clean
Seas, a Southern California-based oil spill cooperative, received a large number of
inquiries regarding the organization and itscapabilities to respond to a similar event.
Such inquiries were from government agencies, local media (newspapers and
television), public interest groups and educational facilities.

Although active education and information exchange programs with gov
ernment and private groups were in place, Clean Seas did not find itself well
equipped to handle inquiries from educational groups. Tomeetthis specialized need,
Clean Seas initiated the development of the Student's Education Program. The goal
of this new program was to develop a package of interactive materials that could be
sent to a school or interested group that demonstrates the principles of oil spill
cleanup and how Clean Seas is organized to respond to an oil spill in its area of
responsibility.

Program Components

The Student's Education Program for Oil Spill Preparedness was designed
to provide information on:

The Clean Seas oil spillcooperative organization;

The potential causes and risk of oil spills in the marine environment;

The techniques available to contain and clean up oil spills; and

The equipment and resource information available to Clean Seas.
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The program was designed with the idea of maximum flexibility. This allows
each teacher to customize a classroom presentation at the level he or she feels is
appropriate for the students. The program requires that the teacher familiarize
themselves with the materials presented in the teacher's handbook. However, if
additional assistance or instruction is required, Clean Seas is available to provide a
demonstration at the school or a tour of Clean Seas facilities.

The Clean Seas Student's Education Program for Oil Spill Preparedness
consists of the following items:

Teacher's handbook
20-minute videotape, entitled "Sentinels of the Sea"
Materials for a wall display
Classroom demonstration materials

Student's workbook

Teacher's Handbook. The teacher's handbook was designed to provide a
somewhat detailed look at the Clean Seas organization and the types of information
and resources used to prepare for and respond to an oil spill. The material is not
intended to be used directly by the students; however, the teacher can select the
topic and the level of detail desired. The handbook includes descriptive text and
graphics which cover the following topics:

Clean Seas background and resources
Risk and historical causes of oil spills in the marine environment
Response techniques
Shoreline sensitivity and response considerations

Sentinels of the Sea. The videotape titled 'Sentinels of the Sea" lasts ap
proximately 20 minutes anddiscusses the role ofClean Seas in protecting the South
Central California marine environment from a possible oil spill. The videotape
provides a pictorial overview ofthe types ofequipment used byClean Seas, as well
as a closer look at some of the oil and gas facilities located in the Santa Barbara
Channel.

Wall Display. To aid children's understanding of oil and gas operations in
the local area and where Clean Seas equipment is positioned, a wall display is pro
vided. The materials include a map of the Clean Seas area of responsibility (this
map depicts the locations of platforms and Clean Seas equipment storage loca
tions); photographs ofmajor pieces ofClean Seas response equipment; and several
tables and graphics describing oil spill sources and causes.

These materials may be displayed in any format. It is suggested that the
map be on display during the showing ofthevideotape and during anydiscussion to
help showthe locations of the facilities or equipment being discussed.

Classroom Demonstration. The demonstration handbook discusses the
principles ofcontainment boom, skimmers andsorbent materials and includes simple
classroom demonstrations of this equipment. These demonstration materials include
a scale model of a containment boom, several simple skimming devices, sorbent
materials and a dispersing agent. Consisting of a plastic demonstration tank and
reusable plastic tools, the classroom demonstration is designed to show the wide
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range of options available to remove oil from the water's surface. Again, the
demonstrations can be customized to the level of detail the teacher wishes. It is
recommended that these demonstrations be conducted by the teacher.

Student's Workbook. The last item included in the Student's Education Pro
gram for Oil Spill Preparedness is a workbook designed for the students to take
home. This workbook asks simple questions related to the material presented in the
videotape, wall display and classroom demonstration. Pictures are provided to
remind the children of what they have seen and which can be colored if the children
wish.

Program Development and Implementation

Once the initial materials were assembled, the program was reviewed by
several independent teachers, including the Channel Islands National Marine
Sanctuary's Los Marineros program coordinator. Response to the program was
extremely favorable due to its timing with current events. Some questions were
raised as to the complexity of some of the materials, but only minor revisions were
made in the original draft. It is Clean Seas' intention to make additional revisions as
new materials become available and when there is a better understanding of the
program needs and grade levelof individuals using this program.

Once the materials were completed, 10 copies of the program were pre
pared and packed intoself-contained shipping packages. These packaged programs
could then be mailed or shipped directly to the school requesting the program.
These programs were distributed to local schoolswhich had made previous inquiries
regarding Clean Seas. During the American Trader oil spill off Huntington Beach,
Calif., additional programs were prepared and sent to a number of schools
requesting more information.

Conclusion

Since itscreation, the Clean Seas Student's Education Program forOil Spill
Preparedness has been requested byover20 educational institutions, including local
schools, Sea World, the Monterey Bay Aquarium, and the California State Parks
system. The program continues to be improved and expanded as new information
becomes available.

Clean Seas hopes that this program will provide students with some new
insights intoone aspect of the complex issues of environmental safety. If you have
any questions regarding this program, please contact Clean Seas, 1180 Eugenia
Place, Suite 204, Carpinteria, Calif. 93013, (805) 684-3838, fax, (805) 684-2650.
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