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INTRODUCTION
Past disasters such as mercury poisoning in Minimata, and new problems such as
tributyltin impacts on shellfish have maintained public concern about problems caused
by chronic discharges of hazardous materials into marine waters (Clark, 1986; U.S.
Congress, 1987). However, hazardous chemical spills in coastal waters typically escape
public attention. Unlike petroleum and its derivatives, hazardous chemicals do not
blacken beaches with tar or soil the plumage of marine birds. Often, these spills leave
no unsightly sheen on the water. They may not involve large volumes or materials with
recognizable names. Therefore, while hazardous material spills can and have caused
severe damage to marine natural resources and human amenities, the continual pulse
of oil spills over the past few decades has garnered the attention of the public,
scientists, and water quality managers.
Public interest in the hazards of petroleum transportation was first elevated by
the dramatic wreck of the Torrey Canyon, which spilled nearly 37 million gallons of
crude oil off the southwest coast of Great Britain in 1967 (AOSC, 1990). In 1969, the
Santa Barbara offshore oil well blowout off California became a symbol of the threat
facing U.S. coasts from petroleum production, a threat that materialized on the Atlantic
coast in 1976, when the Argo Merchant split in two off the shores of Massachusetts
and released 1.5 million gallons of petroleum (NOAA, 1977). While a number of
significant oil spills followed, such as the massive 68 million gallon Amoco Cadiz spill in
1978 off the coast of France, and the 200-400 million gallon IXTOC I oil well blowout
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in the Gulf Mexico in 1980, widespread concern waned in the 1980's (AOSC, 1990).
However, the grounding of the Exxon Valdez in Prince William Sound, Alaska on
March 24, 1989, which resulted in the largest crude oil spill ever in United States
waters, has again brought oil spill issues to the forefront at local, state, and national
levels (AOSC, 1990). Subsequent spills in Delaware, New York, Texas, and off
Huntington Beach, California have sustained this renewed interest. In the last two
months, the shores of Galveston, Texas have twice been threatened by oil - first on
June 8 from the unburned fraction of 4.3 million gallons of crude oil spilled by the
Mega Borg (AP, 1990), and again on July 29 by a 500,000 gallon oil spill in Galveston
Bay (UPI, 1990).
While recent U.S. attention has been focused on domestic oil spills, a number of
serious hazardous chemical spills have occurred in other countries. For example, in
1986, over 30 tons of hazardous chemicals, including pesticides and mercury
compounds, spilled from a vessel into the Rhine River in Switzerland, affecting river
waters in France, West Germany, and the Netherlands before reaching the North Sea;
over a half million fish were killed (PSWQA, 1990a). Also in 1986, CIP Inc., a British
Columbia wood products firm, spilled 850 to 2,650 gallons of pentachlorophenol, a
carcinogenic wood preservative, into the Tahsis Inlet on the west coast of Vancouver
Island (Waldichuk, 1987). In 1988, the Panamanian vessel Cason ran aground off the
northwest coast of Spain, releasing an unknown amount of cargo, which included about
520 tons of toxic chemicals such as ethane and formaldehyde, into the air and water.
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The spill forced the provincial government to ban fishing in the productive area until
contamination levels were considered safe (Duff, 1988).
While not directly linked to marine spills, two relatively recent key events
heightened awareness in the United States of the hazards of toxic chemical releases.
Years of human exposure to leaking hazardous materials stored beneath the Love
Canal community in Niagara Falls, New York led to a rash of health problems and
eventual evacuation of area residents in the late 1970's (Allegri, 1986). Secondly, an
accident at the Union Carbide plant in Bhopal, India in December 1984 released a
large cloud of toxic methyl isocyanate, killing 2,800 residents and injuring 200,000 more
(Burk, 1988).
Nevertheless, oil spills have prompted most efforts to control all types of spills in
marine waters. In fact, spill management has followed a cycle tied closely to periodicity
of major oil casualties. The Prince William Sound spill has opened the most recent
"window of opportunity" (Kingdon, 1984), inviting many efforts in state and federal
government to impose more stringent legislation for transportation safety, contingency
planning, and spill liability. For example, during the 1990 session, the U.S. House and
Senate both approved legislation which among other things requires double hulls on
new vessels and significantly increases financial liability for spills (Hebert, 1990). In
1989, the Oregon legislature passed S.B. 1039, which requires development of spill
contingency plans for specified coastal and river waters. Many studies are being
undertaken internationally to reexamine the effectiveness of existing spill prevention
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strategies, but these focus primarily on catastrophic oil spills. For example, the United
States Coast Guard (USCG) 1989 Tanker Safety Study's critical analysis of the agency's
own requirements did not directly consider hazardous material transportation. The
USCG also released an Oil and Hazardous Chemical Contingency Plan in 1990; despite
its title, the plan focuses on the response to a "worst case spill" of 6.5 million barrels of
Alaskan crude oil in narrow Rosario Strait (A.P., 1990). The Alaska Oil Spill
Commission and States/British Columbia Task Force are other groups which have
omitted the relevant parallels of hazardous material spills in their reports on oil spill
management.
However, hazardous chemical spills have found their way under the growing
umbrella of water quality legislation and regulations. In some cases, strategies designed
to prevent oil spills, such as vessel traffic restrictions, provide equal protection from
hazardous chemical releases. Hazardous waste regulations, industrial discharge permits,
and fire safety ordinances contribute to the patchwork of tactics to prevent spills.
However, holes exist that could create conditions for a catastrophic hazardous chemical
spill in U.S. marine waters. The Exxon Valdez demonstrated the risks of leaving such
holes unplugged.
The Puget Sound Experience. The risk of hazardous material spills to large
waterbodies in the U.S. is exemplified in Washington's Puget Sound and its neighboring
waters (Figure 1). Hazardous chemical shipments traverse highways, railroads, and
waterways within the Puget Sound region to supply numerous industrial complexes.
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Rapidly growing population centers such as Seattle demand and generate large
quantities of hazardous materials. The rocky shores, restricted channels, foggy and
stormy weather conditions, swift currents, tidal fluctuations, and vessel traffic
convergence zones common to Puget Sound and adjacent waters increase the risk
associated with hazardous material transport (PSWQA, 1990a). In 1986, an accidental
chemical release from a ruptured storage tank in Tacoma's Hylebos waterway (see
Appendix A) sent a signal of the vulnerability of Puget Sound to hazardous material
spills.
As in other urbanized coastal areas, spill management in Puget Sound has
traditionally focused on petroleum products. This focus has been reinforced by a
number of oil spills in the Sound, particularly the 239,000 gallon oil spill by the Arco
Anchorage in 1985, and the 230,000 gallon oil spill by the barge Nestucca in 1988
(PSWQA, 1990a). In 1986, the Puget Sound Water Quality Authority (PSWQA)
prepared an issue paper entitled Response to oil spills on Puget Sound, which focused
on the Arco Anchorage spill (PSWQA, 1986). The PSWQA had been created the
previous year by the Washington legislature to develop strategies to reduce pollution
pressures in Puget Sound. The agency is charged with developing a periodic
comprehensive Puget Sound Water Quality Management Plan (Plan), but except for the
1986 issue paper, they initially excluded spill prevention and response as a Plan
program element. Public comment on both the 1987 and 1989 Plan drafts revealed
concerns about management of non-petroleum hazardous material spills in Puget Sound
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(PSWQA, 1990a). These concerns prompted the renaming of the "Oil Spill Response
Planning" program of the Plan to "Spill Prevention and Response," and expanding its
focus to incorporate hazardous material spill prevention issues. The 1989 Plan called
for the PSWQA to develop an issue paper on spill prevention methods. During the
summer of 1989, I worked as an Environmental Planner with PSWQA to fulfill the
Marine Resource Management internship requirement (Appendix B). During this
experience, I primarily worked with several other staff on the draft spills issue paper.
The final version, entitled Spill prevention - means of preventing spills of petroleum
and other hazardous substances in Puget Sound, was released in March, 1990.
Because of its broad scope, the PSWQA issue paper did not separate oil from
other hazardous materials in its discussion of spill prevention. Therefore, the purpose
of this internship report is to characterize the specific problems and prevention needs
associated with non-petroleum hazardous material spills in the Puget Sound basin. The
report describes the past and present uses and spills of non-petroleum hazardous
materials in Puget Sound, assesses the magnitude of spill risk, discusses unique needs of
hazardous spill prevention and response as compared to petroleum spills, and suggests
how these unique needs should be incorporated into future spill management policy for
Puget Sound.

Methods
Background material for the report derives from four main sources: interviews,
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local and national data bases, agency reports, and published literature. A significant
portion of the material used in preparing this report was drawn from research for the
PSWQA spills issue paper. This research included examination of Washington state
transportation data, USCG spill records, review of hazardous material technical and
policy reports, analysis of state and federal statutes and regulations, and interviews of
officials such as USCG officers and Seattle fire chiefs. Additional literature reviews
and interviews were accomplished to achieve the specific hazardous material focus of
this report.
Also, a spill incident log for the Washington Department of Ecology (WDOE)
Southwest Regional Office has been analyzed to determine trends in spill site, material
type, and seasonality. 1106 individual log entries from June 1987-June 1989 were
reviewed and categorized; the majority of these records dealt with petroleum materials
or non-spill incidents, such as reports of illegal dumping operations.

Hazardous Material Definition
What constitutes a hazardous material? This term refers to a variety of
substances, often depending on definitions assigned under various state and federal laws
and regulations. While no uniform definition exists, U.S. hazardous material
management is primarily built upon terminology set forth under the Hazardous
Materials Transportation Act (HMTA; 49 U.S.C. 1801 et. seq.) and corresponding Title
49 of the Code of Federal Regulations (CFR). Under the HMTA, hazardous materials
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are "substances or materials that have been determined (by the Secretary of
Transportation) to be capable of posing an unreasonable risk to health, safety, and
property when transported in commerce." Currently, under 49 C.F.R. 172, the U.S.
Department of Transportation (USDOT) lists over 1,500 specific materials classified as
hazardous. Materials are clustered into 16 separate hazard classes (Table 1).
The USDOT system is limited in its ability to identify multiple hazard
characteristics of a material (for example a corrosive material which is also a poison),
which presents handling difficulties (Allegri, 1986). Variations of the USDOT definition
scheme have been devised under other federal statutes, including the Clean Water Act
(CWA), Toxic Substances Control Act (TSCA), Comprehensive Environmental
Response Compensation and Liability Act of 1980 (CERCLA), Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA), and Resource Conservation and Recovery
Act (RCRA).
A more complex method of hazardous material definition was established on an
international level by Annex II of MARPOL 1973, which addressed the need to set
requirements that would prevent accidental spills from chemical tankers (Figure 2).
This seven-step evaluation method establishes a hazard score for any hazardous
material, and this score is used to group the material within a certain category. For
exaLlple, material is considered highly toxic if it is lethal to 50 percent (LC 50) of a
test population at a concentration of less than 1 mg/I, and nonhazardous if its LC 50 is
greater than 1000 mg/1; toxicities are based on a 96 hour test. As an example,
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pentachlorophenol is rated as highly toxic, being a bioaccumulant, moderately
hazardous to humans by oral intake, highly hazardous to humans by skin or eye
contact, and extremely damaging to human amenities (IMO, 1989). Finally, based on
its rating, a particular material is classified under one of four Annex II pollution
categories (A-D, A being most hazardous), collectively known as the International Bulk
Chemical Code. Each category is linked to particular ship construction requirements
(IMO, 1989).
Hazardous materials which are discarded become hazardous
waste. This distinction is important with respect to laws such as RCRA, which defines
hazardous waste as a solid waste which may cause or increase levels of mortality or
serious illness, or poses a hazard to the environment or human health when improperly
managed. Waste products governed under RCRA are listed under 40 CFR 261, and
include spent solvents and oil emulsion wastes.
Hazardous materials can also be categorized based on their chemical behavior in
marine waters, and tend to fall into one of the following four categories: evaporators,
floaters, sinkers, and dissolvers (Allegri, 1986). Evaporators are volatile and less dense
than seawater; because of their hazardous vapors, evaporators pose a high risk to
human health and therefore require immediate response, Conversely, evaporators
present a low threat to aquatic organisms, although they may eventually contaminate
waters through atmospheric deposition (Allegri, 1986). Floaters are less dense than
seawater and non-volatile, and therefore are more likely to reach the coastline than
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other classes. Floaters chiefly threaten organisms in the upper layers of marine waters,
including the delicate surface microlayer (Allegri, 1986). Sinkers are more dense than
seawater, and relatively non-soluble. Eventually sinkers will reach bottom sediments,
and will cover the seabed with a thickness depending on the area of spill and seafloor
topography. Through this behavior, sinkers affect benthic communities through
sediment contamination or physical smothering (Allegri, 1986). Finally, dissolvers are
soluble in seawater, and generally disperse to non-toxic diluted concentrations quickly.
In confined waters, such as bays, dissolvers may remain above toxic thresholds (Allegri,
1986).
Hazardous Material Definition in Washington. On the state level, the
Washington Model Toxics Control Act (MTCA) defines hazardous materials as those
listed under CERCLA and FIFRA, as well as petroleum products, and most
significantly - any substance determined by the Director of WDOE to threaten human
health or the environment upon release. This last clause gives WDOE the flexibility to
impose classifications more restrictive than federal regulations. Through the
Washington State Hazardous Waste Act, WDOE designates wastes as "dangerous" or
"extremely hazardous" through a complex protocol that considers toxicity, persistence,
carcinogenic property, ignitability, corrosivity, and oxidizing potential. For example,
nicotine is designated as "extremely hazardous" because of its relatively high toxicity
(PSWQA, 1990a).
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Hazardous Material Spills
While chronic low level input of petroleum products into marine waters may
cause extensive natural resource damages over the long term, it is the immediate and
acute harm incurred by oil spills which makes such incidents unacceptable. An
analogous relation exists with hazardous materials. Many materials which fit into a
Title 49 hazard class enter U.S. marine waters daily through nonpoint sources, such as
urban runoff and atmospheric deposition, and point sources, such as government
permitted industrial discharges (PSWQA, 1988). However, unpredictable accidental
spills can significantly add to toxic loading, often creating emergency conditions.
A U.S Senate study revealed that non-oil hazardous materials most commonly
involved in accidental releases were, in order, paint, battery acid, cleaning compounds,
and organic solvents such as paint remover (Library of Congress, 1979). Most marine
transport spills of hazardous materials occur during cargo transfer, and though they
involve relatively small volumes, have a large potential for damage (Schultz,

1988).

Understanding the relative risk of hazardous material pollution by spill versus chronic
sources depends on accurate tracking of non-petroleum spills, an objective which has
not been fully achieved nationwide or in Puget Sound.
One source of hazardous material spill statistics is the National Response
Center, a division of the USDOT. The National Response Center (NRC) is a
computerized telephone response system operated by the USCG. It provides 24 hour
coverage for notifications of hazardous material releases, and serves as a clearing house

12
for any required response information. Responsible parties must notify the NRC of a
spill that involves a quantity in excess of an established "reportable quantity (RQ)."
EPA has determined reportable quantities for all hazardous materials listed under CFR
40 based on chemical and biological characteristics. For example, the reportable
quantity for hydrochloric acid is 5,000 pounds, but is only 1 pound for the pesticide
aldrin. A default RQ of 1 pound exists for all unspecified hazardous materials (DePol
and Cheremisinoff, 1984). A study of 1982-1984 NRC notifications indicated that 5000
incidents involved non-oil hazardous substances in the United States. Polychlorinated
biphenyl (PCB) spills, numbering 2,206 over the three year period, were the most
common type of spill reported. However, PCB releases, primarily reported by power
companies as a result of transformer failure or repairs, are declining as the chemical is
eliminated from use (Walter et al., 1986). Sulfuric acid spills ranked second in
abundance with 439 from 1982-1984; one-fourth of all sulfuric acid releases were linked
to transportation mishaps, and the remaining three-fourths were divided among
production and user facilities. Chlorine releases, all associated with large facilities such
as paper mills, totaled 352, the third most abundant class of reported spills. Fourth,
with a three-year total of 318, anhydrous ammonia spills were most commonly reported
by railroads, followed by agricultural and chemical companies. Fifth, 212 hydrochloric
acid spills from 1982-1984 were mainly products of transportation mishaps, except for
states hosting petroleum industries, where production facilities became the primary HO
spill source (Walter et al., 1986). It is important to note that the Office of
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Technology Assessment (OTA) estimates that only 50 percent of interstate truck
hazardous material incidents and 30 percent of rail incidents are reported to the NRC
(WUTC, 1986).
A 1986 Department of Commerce report described a recent increase in the
number of spills of hazardous materials and other substances, growing from less than
50 in 1975 to nearly 1450 (involving 3.8 million pounds of material) in 1984. (Figure 3;
U.S. Department of Commerce, 1986). Over one-third of the 1984 incidents involved
vessel traffic - primarily tank barges. However, an important point revealed by the
report was that source, size, and/or composition of the majority of hazardous chemical
spills in U.S. waters cannot be identified (U.S. Dept. of Commerce, 1986).
It is useful to characterize hazardous material spills in relation to petroleum
spills; in some aspects, they share a number of similarities. Both petroleum and nonpetroleum chemicals are transported in bulk over land and sea in similar types of
vehicles and vessels. Similarly, risks of accidental spills of either type of material have
been decreased through standards on vessel traffic, vessel structure, and crew
qualifications. Once in the water, oil and certain chemicals (e.g. floaters) are subject to
similar effects from physical conditions such as currents, wind, and air temperature.
While differing in extent, all spills pose potential human health threats, and can
damage marine plants and animals. Most significant, low recovery rates following spills
of oil and other hazardous materials (e.g. estimates of less than 10 percent for Valdez
spill) emphasize the importance of spill prevention for both classes (AOSC, 1990).
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However, certain hazardous chemicals have important that are ignored by
regulations designed primarily for petroleum spills. Petroleum tankers differ in design
from tankers are used to transport non-petroleum chemicals. Loading and off-loading
involves different procedures, and often occurs in different locations. Hazardous
chemical spills cause more localized and acute contamination problems. They pose
severe risks to public health which hamper or prevent cleanup abilities. In general,
commonly transported hazardous chemicals are more toxic than crude oil and its
derivatives (Allegri, 1986). Unlike petroleum, a broad range of classes of hazardous
chemicals exist, each with its own characteristic toxicity and behavior in seawater. The
common practice of mixed cargoes in chemical carriers can also lead to unpredictable
chemical reactions during a spill.
Spills in Puget Sound. There is no comprehensive spill-reporting system in
Washington state or Puget Sound analogous to the NRC. Compared to other states,
Washington ranked low in notifications of spills involving CERCLA materials during
1982-1985 (46, or 0.8 percent of the national figure). As a whole, E.P.A. Region X
(Alaska, Oregon, Washington, and Idaho) only accounted for 1.8% of all CERCLA
release spills. While these figures suggest greater problems in other parts of the
country, acute problems may exist within the industrial pockets surrounding Puget
Sound. Although USCG records are primarily focused on petroleum, a 1986 USCG
study calculated that major chemical spills in Puget Sound between 1984-1986 involved
63,500 gallons of caustic soda, over 55,000 gallons of sulfuric acid, and 720 gallons of
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solvents.
While WDOE does not keep comprehensive state-wide or Sound-wide records,
the Southwest Regional Office maintains a log of small hazardous material spill
notifications for the south and central Sound region (WDOE, 1989). 1106 notifications
which occurred between June 1987 and June 1989 were analyzed; the vast majority
reported non-spill water quality complaints such as illegal dumping or filling (Figure 4).
Hazardous material spills were infrequent relative to other reports, at most
comprising 29 percent of all notifications, with a mean of 11.8 percent (Figure 5). The
maximum of hazardous material spills reported in a month during the two year period
was 12, with an average of 3.96 (Figure 6); this compares to an average of 7.6
petroleum spills per month (Figure 7). Hazardous material spills typically involved
small amounts of common products such as sodium hydroxide, but included a broad
range of materials (WDOE, 1989). No clear seasonal pattern can be seen in Figure 6,
but there does appear to be a trend of increased spills between 1987-88 and 1988-89.
The number of hotline reports shown in Figure 4 also appears to increase, so the rise
in hazardous material spills, while possibly evidence of increased spill activity, may be
an artifact of increased hotline awareness and use.
Puget Sound is also vulnerable to chemical spills which enter the Straits of
Georgia to the north from British Columbian shores. As an example, nearly 2400
gallons of highly toxic wood preservative TCMTB ([2-hiocyanomethylthio]benzothiazole) spilled into the lower Fraser River in August, 1989 after a truck trailer flipped
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and spilled its contents down a storm drain. No major fish kills were noted, but the
local sockeye salmon fishery was closed for the day. While a spill of this size may not
have affected U.S. waters, the Fraser River is the dominant freshwater source into
waters north of Puget Sound (Waldichuk, 1989).

Risk Assessment
Analysis of past spill records can provide insight on the nature of spill risk in a
geographic area. A 1990 study by Cohen and Aylesworth assessed risk of oil tanker
casualty within route segments of Puget Sound and nearby passages, based on historical
accident data, and seasonal information on winds, visibility, currents, depths, and
shipping density, and given a relative numerical risk value (Figure 8). Based on these
calculations, predictions were developed for oil spill frequency in Puget Sound. As
described earlier, there is not an extensive or comprehensive record of hazardous
material spills in Puget Sound, which precludes a thorough risk assessment at this time.
While Cohen's and Aylesworth's figures do apply to regional relative risk for hazardous
material spills, it is difficult to assess probable quantities or frequencies. Nevertheless,
Ecology records do suggest that hazardous material spills are increasing, and small
incidents can be expected to occur repeatedly each month. Repeat accidents at
Pennwalt within several years (Appendix A) also suggest that large facility spills are not
a singular experience. In terms of causes behind hazardous material incidents, it is
estimated that up to 80 percent of spills derive from human error versus mechanical
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breakdown or natural disaster (PSWQA, 1990a; States/BC Task Force, 1990).

Ecological Impacts of Hazardous Material Spills
Because hazardous material spills involve materials ranging from the innocuous
to extremely toxic, it is difficult to characterize biological impacts. However, unlike
petroleum spills, hazardous material spill mortalities are not typically linked to loss of
external protection from moisture and temperature (i.e. impacts to bird feathers and
mammal fur) or suffocation (although some "sinkers" can lead to significant biochemical
oxygen demand in benthic communities) (IMO, 1989). Instead, the material produces a
toxic effect upon contact with skin or internal organs. Once released into the aquatic
environment, hazardous materials can affect animals through adsorption by external
membranes, ingestion of contaminated fluids directly or indirectly through the food
chain, or other routes. Death may be caused by burns, neurological impairment, and
physiological failures. The same material which may not lethal under small chronic
exposure may cause death in animals which can not adapt to the sudden increase in
concentration (Zajic and Himmelman, 1978). For example, while stormwater runoff
slowly contaminates many urban estuaries, a spill of tetraethyl lead, a widely used
gasoline additive, could release lead to the marine environment at a level that
significantly inhibits hemoglobin synthesis. The biological uptake of spills can be altered
by dispersion, water currents, chemical transformations, and other physical and chemical
processes (Figure 9). Natural processes may transform the toxicity of chemicals. For
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example, insoluble mercury salts can be transformed by benthic organisms into soluble
methyl mercury compounds which are extremely toxic to animals (Zajic and
Himmelman, 1978).
Because some hazardous chemicals are highly toxic, large spills are not necessary
to produce significant mortality in marine life. A concentration of 1 ppm of the
pesticide lindane is fatal to fry of various marine fish (Ramade, 1987). 0.1 ppm of
PCB after a 48 hour exposure to the prawn Penaeus duorarum causes 100% sample
mortality. One part per billion of Arochlor (PCB) exposure to the common oyster
Crassostraea virginica can reduce shell growth by 20 percent; note that for the straighthinge larvae of the same oyster species, the 48 hour LC 50 for tributyltin was 0.6 ppb
(Hall, 1988).
Significant hazardous material spills do not necessarily result in acute
environmental damage. However, it is likely that such spills are important factors in
chronic exposure of marine organisms to hazardous substances. Also, the Pennwalt
sodium chromate spills referenced in Appendix A illustrate the potential dangers to
human health from spills of carcinogenic material despite apparent absence of acute
environmental impacts.
While traditional toxicology has focused on single chemical compounds,
combinations of two or more chemicals (a common situation in hazardous materials
transportation or storage) may lead to unexpected synergistic effects (Hwang and
Oswald, 1982.). For example, nickel cyanide becomes 1000 times more toxic to fish in
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the presence of an acid which lowers the pH from 8 to 6.5 (Zajic and Himmelman,
1978).
Impacts to Puget Sound Ecosystems. Because of the complex pathways which

carry toxicants into Puget Sound, it is almost impossible to link chronic biotic impacts
to hazardous material spills. Harmful hazardous chemical concentrations in marine
sediments, shellfish, finfish, birds, and mammals have recently been quantified in the
first report of the Puget Sound Ambient Monitoring Program, a long-term local, state,
and federal cooperative effort to measure indicators of pollution in Puget Sound
(PSWQA, 1990b). While acute levels in finfish tumors and fin erosion occur in urban
bays which are sites of hazardous material spills, stormwater, municipal and industrial
discharges also contribute to toxic loadings. Hardy et al. (1986) noted that while a
variety of metal and organic contaminants exist within the microlayer in Puget Sound,
their sources are not fully known.

Hazardous Material Use and Production in Puget Sound

Without the use and production of hazardous materials, there would be no spill
problem. The Chemical Manufacturer's Association calculates that more than 250
million tons of material, the majority classified as hazardous, are produced in the
United States annually (Abbott et al., 1984).
Chlorine and caustic soda predominate non-oil hazardous substances
transported in the central Puget Sound region (Smith, 1989). While oil facilities are
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limited to five refineries and several other distributors in Puget Sound, hazardous
chemicals are used and stored in numerous Puget Sound locations. Therefore, while oil
spills are primarily linked to transport risks, chemical spill management must focus
equally on facilities and transporters.

The pulp and paper industry is a primary user

and producer of hazardous substances in the Puget Sound region, including ammonia,
chlorine, sulfuric acid, methyl alcohol, and caustic soda; major plants are located in
Steilacoom, Tacoma, Everett, Port Angeles, and Bellingham (PSCOG, 1981). Demand
also arises from paint companies, water and sewage treatment plants, farms, metal
industries and foundries, shipbuilding yards, and aircraft manufacturers (principally
Boeing plants).
Tacoma, Seattle, Kent, and Everett, the major industrial centers in the Puget
Sound region, are the main points of origin or destination for hazardous material
shipments. The Tacoma tideflats region is the site of several chemical production
companies - primarily Occidental Chemical and Pennwalt - which export large
quantities of chlorine, caustic soda, sodium chlorate, anhydrous ammonia, sulfur dioxide,
and hydrochloric and sulfuric acids. Kent also hosts several chemical production
facilities and is the site of major pesticide handling operations (PSCOG, 1981).
Military bases in the Puget Sound Area handle large amounts of hazardous materials,
and include McChord Air Force Base, Fort Lewis Army Base, Bangor Trident
Submarine Base, Naval Station Puget Sound in Seattle, Naval Supply Center in
Manchester, Naval Undersea Warfare Engineering in Keyport and Indian Island, Naval
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Air Station on Whidbey Island, and the Puget Sound Naval Shipyard in Bremerton
(PSWQA, 1990a).
Beyond raw chemical production, the generation of liquid industrial hazardous
wastes must be considered as potential sources of facility spills. The following
industries, all present within the Puget Sound basin, typically produce the following
wastes:
Industry

Toxic Components in Waste

Pesticides

Chlorinated hydrocarbons

Caustics

Dissolved chlorine; some mercury

Sodium chlorate

Chlorine, chlorine dioxide, and chromium

Glass

Fluorides

Petroleum

Phenols, sulfides, heavy metals

General chemicals

Phenols, cyanides, phosphorus, and
heavy metals

Iron and steel

Phenols, chromium, zinc, tin, fluorides

Pulp and paper

Phenols, mercury, chlorine, dioxins

Metal finishing

Cyanide, chromium, heavy metals

Automotive

Lead, chromate, phenols, heavy metals
adapted from Zajic and Himmelman, 1978.

While these wastes primarily enter Puget Sound as treated end-of-pipe effluent, they
may be accidently released in large quantities.
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Hazardous Material Transportation
Large scale transportation systems exist to support the above uses. In 1980,
over 250,000 hazardous material shipments moved through the United States daily.
This figure is expected to double by the early 1990's (DePol and Cheremisinoff, 1984).
Rail and water transport are the two most common media of moving bulk hazardous
materials.
Waterborne Traffic - U.S. The Corps of Engineers (Corps) estimated that in
1982, 549 million tons of hazardous commodities traversed U.S. waters. Because of slow
speeds and fewer trips, the water mode is statistically the safest form of hazardous
material transport. However because of volume capacity, damages in the event of a
spill damages can be great (U.S. Congress, 1986). Barges and freighters are used to
transport trailers of packaged hazardous materials, which mainly pose risk when lost
overboard. Tankers and tanker barges transport the majority of liquid hazardous
materials, with cargoes that average 20-60 times the volume of standard rail shipments
(U.S. Congress, 1986). Specialized tank ships carry particular products in unique tanks,
such as liquefied natural gas. However, today's chemical tankships must maintain
flexibility to accommodate a wide range of hazardous liquid cargoes in a fixed set of
cargo tanks, and be able to run concurrent loading and unloading operations. One
tanker characteristic which results from these needs is a complex set of cargo tanks and
sizes, each with a separate pump, pipe, and vent system to protect against crosscontamination. Chemical parcel tankers, typically 20,000 dwt, may carry up to 40
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different chemical cargos in 1000 cubic meter volumes. The large numbers of small
capacity tanks featured by chemical tankers eliminates much risk of electrostatic
ignition, a source of oil tanker explosions (Schultz, 1988). Secondly, chemical tankers
must have a mixture of portable, fixed, and other types of cargo handling systems to
allow simultaneous loading, discharge, and cleaning of tanks. Furthermore, tanks are
accessed frequently for cleaning and inspections. Finally, chemical tanker crews are
engaged in a more complex set of cargo-related tasks than comparable oil tanker
crews. As a side note, while not applicable to oil tankers, the often diverse cargo of
chemical tankers allows a logical loading principle: the more hazardous materials are
stowed in inner tanks to prevent releases (Schultz, 1988).
Waterborne Traffic - Puget Sound. A Corps calculation shows that 1.7 million
tons of hazardous materials, excluding petroleum products, passed through Puget Sound
ports in 1986. The Port of Seattle alone handles approximately 4.5 million tons of
hazardous materials annually (27 percent of total port tonnage), although 95 percent of
this figure consists of petroleum and related products (U.S. Congress, 1986; PSCOG,
1981). Seattle's non-petroleum hazardous materials include frequent shipments of
chlorine, carbolic acid, class C explosives, and blasting agents. More infrequent are
Class A explosives, caustic soda, and ant-knock compound. Being primarily a container
port with strict regulation, individual shipment size is relatively low in Seattle (PSCOG,
1981). Hazardous materials comprise one third of total port tonnage for the Port of
Tacoma, with 76 percent of that figure composed of petroleum and its derivatives
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(PSCOG, 1981). Barge shipments of chlorine, caustic soda, and sodium chlorate from
Tacoma and into Everett are the major non-petroleum hazardous chemical transported
on water throughout the region (PSCOG, 1981). In comparison, 10.2 billion gallons of
petroleum were transported through Puget Sound during 1988; over 75 percent of that
volume was carried by tankers (Chadbourne and Leschine, 1989).
Rail Traffic - U.S. Railroads transport over 80 million tons of hazardous
substances each year in the United States, according to estimates by the Association of
American Railroads.
Rail Traffic - Puget Sound. In the Puget Sound region, rail traffic is
concentrated on the north/south rail corridor from Portland to British Columbia, where
anhydrous ammonia, methanol, chlorine, and caustic soda predominate non-petroleum
shipments (PSCOG, 1981); the two latter substances comprise 19 percent and 18
percent respectively of statewide shipments (WUTC, 1986).
Truck Traffic - U.S. The Federal Emergency Management Agency (FEMA)
estimates that 10 percent of all truck traffic carries hazardous materials.
Truck Traffic - Puget Sound. While gasoline and fuel oils comprise most
hazardous truck shipments, corrosive liquids such as sodium hydroxide and sulfuric acid
represent over 16 percent of hazardous cargoes in Washington state. Corrosives
predominate Puget Sound truck traffic as well - primarily caustic soda, and sulfuric,
hydrochloric, phosphoric, and nitric acids (PSCOG, 1981). The largest volumes of
hazardous materials are transported along the Interstate 5 corridor between Tacoma
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and Everett, followed by Interstates 90 and 405. Several communities in the region
have designated truck routes; others, such as Seattle, have codified routing
requirements for trucks carrying certain classes of hazardous substances (PSCOG,
1981).
Air Traffic. Finally, air transport plays a minor role in the movement of
hazardous materials. While over 10,000 hazardous material shipments passed through
the Sea-Tac airport during the summer of 1980, less than 3 percent of all hazardous
material shipments move by air. In fact, jets and planes generally pose more of a
threat from potential releases of the fuel carried than from their hazardous cargo
(PSCOG, 1981). It should be noted that air, truck, and rail traffic often converge with
port operations due to Puget Sound's role as an international seaport.

Hazardous Material Storage
Storage sites are needed for many hazardous materials used in the Puget Sound
basin, and hazardous chemical storage occurs both above and below-ground. While
underground storage tanks (UST) mainly contain petroleum products, they are also
used for chlorine and other bulk hazardous materials. Without effective maintenance,
USTs become vulnerable to spills and leakage over time. WDOE estimates that nearly
one fourth of the approximately 18,000 USTs in Puget Sound counties are over 20
years old - four years beyond the average safe life expectancy of a UST. Inland spills
from UST's can contaminate groundwater, which then can be carried into Puget Sound
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(WDOE, 1987). Above-ground storage tanks (AST) are more commonly used to store
hazardous materials. According to U.S. General Accounting Office (GAO) estimates,
between 2000 and 3000 AST oil spills occur annually nationwide (GAO, 1989). WDOE
estimates that 10,000 ASTs exist statewide (WDOE, 1989). The Pennwalt case study in
Appendix A illustrates many risks involved in AST usage.

Hazardous Material Regulation
Hazardous material regulation is based on a complex framework which
incorporates storage, permitted discharges, transportation control, and land and water
casualty response. Therefore, a wide variety of jurisdictions are involved, ranging from
those traditionally involved in oil spill response to those involved in railway traffic.
International hazardous material management has primarily focused on
international identification standards (IMO, 1989). Because of the breadth of chemical
properties involved, effective spill prevention and response strategies depend on a
uniform approach to labeling hazardous materials. A uniform system of placards have
been developed through federal and international requirements and definitions (Figure
10; Allegri, 1986).
The history of federal regulation of hazardous materials in the United States
dates back to a statute passed in 1866 which regulated shipments of explosives and
flammable materials such as nitroglycerin. Currently, use and discharges of these and
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other hazardous materials are controlled on the federal level under the Clean Water
Act (CWA), Toxic Substances Control Act (TSCA), Hazardous Material Transportation
Act (HMTA), Comprehensive Environmental Response Compensation and Liability Act
of 1980 (CERCLA), Emergency Planning and Community Right-to-Know Act of 1986,
Superfund Amendment and Reauthorization Act (SARA), and Resource Conservation
and Recovery Act (RCRA). In turn, legislation has spawned specific regulations under
a host of agencies, primarily the Environmental Protection Agency (EPA) and USCG.
Although many federal regulations are response-oriented, the EPA can directly
require spill prevention planning under National Pollution Discharge Elimination
System (NPDES) permits. NPDES-permitted oil facilities with oil storage capacities
above a specified volume are required to maintain Spill Prevention, Control, and
Countermeasure (SPCC) plans which must meet specific EPA guidelines. These plans
provide information on equipment and procedures which will reduce spill risks, such as
overfill alarms on tanks, or personnel training (PSWQA, 1990a). However, SPCC
regulations do not apply to non-petroleum hazardous material facilities, which must be
treated by individual permit requirements.
Hazardous Material Regulation - Puget Sound. Regulation of hazardous
material transportation in Washington State falls under a fragmented system, with a
number of state statutes involving hazardous materials. WDOE regulates the
transportation of non-radioactive hazardous waste, while the Radiation Control Office
of the Washington State Department of Health inspects radioactive shipments and
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responds to radioactive material releases. However, the Washington State Patrol
(WSP) also inspects radioactive shipments entering the state at Spokane and Plymouth.
WSP also inspects vehicles carrying hazardous materials at ports-of-entry and weigh
stations. The Washington Department of Agriculture regulates the transport of all
pesticides and fertilizers. Oddly enough, the Washington Department of Transportation
lacks regulatory powers regarding hazardous materials (WUTC, 1986). This system
provides opportunities for both overlap and gaps. The Building Code Council also
treats spill prevention and containment practices through state fire codes, which are
implemented by local fire districts. An amended version of Uniform Fire Code 80,
recently adopted by Washington, stipulates personnel training, storage, labeling, and
containment specifications (PSWQA, 1990a). Hazardous material spills are addressed
primarily by the state's Hazardous Waste Act and Clean Water Act, administered by
WDOE. In addition, during the 1990 regular session, the state legislature passed
House Bill 2494 which addresses contingency planning, spill response, and bird and
wildlife rescue. Under the new statute, specified facilities and vessels must develop
contingency plans for containment and cleanup of oil spills and the protection of
vulnerable natural resources. Not only does this provision exclude non-oil hazardous
material spills, but it focuses on response rather than prevention (a subsequent section
which outlines criteria for WDOE contingency plan guidelines does suggest that plans
should discuss hazardous material spills). Another provision of 2494 requires
development of an annually updated statewide master oil and hazardous substance spill
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contingency plan by July 1, 1991. The plan will include maps of environmentally
sensitive areas particularly at risk from hazardous chemical and oil spills, and
identification of action needed to prevent future spills. This latter requirement ties into
section 11 of 2494, which requires the Department of Wildlife to recommend plans for
long-term monitoring of impacts from spills in general, including chronic effects.
Another section of the statute establishes a Washington wildlife rescue coalition, which
coordinate animal rescue and rehabilitation efforts during spills of oil and hazardous
materials. Section 15 requires WDOE to establish policies for disposal of oil and
hazardous substances recovered from spills, but only considers oil spills for policy
development on dispersant use. Overall, while SHB 2494 expanded the state's ability
to respond to oil spills, it generally overlooked hazardous material spills and prevention
in general. WDOE is currently preparing rules under the Washington Administrative
Code to implement the new statute. The 1989 Puget Sound Water Quality
Management Plan spills program has oversight on state and local spill management
responsibilities in the Puget Sound basin (PSWQA, 1989).
Finally, local entities such as the Seattle Fire Department govern particular
aspects of hazardous material use and storage. These jurisdictions implement spill
prevention codes on a local level, and are often the first to respond to chemical spills
(PSWQA, 1990a). Furthermore, local government ordinances are the primary avenue
for regulation of hazardous material truck transport (PSCOG, 1981).
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Hazardous Material Spill Response
In general, our current ability to prevent hazardous material spills is similar to

the oil spill management regime prior to the 1968 Torrey Canyon oil spill. Despite
many past trial and error experiences, the incremental approach to non-oil hazardous
material prevention is slow to close gaps. As a consequence, hazardous material spills
are likely to continue, requiring devotion of some energy to response.

The first step in spill response is detection. Oil spill detection is a visual process
- even small amounts of oil form hydrophobic slicks visible to the human eye.
However, most hazardous chemical spills are visually transparent, and therefore difficult
to trace. In some cases (primarily for floater spills), Infrared Line Scanners (IRLS)
and Side-Looking Airborne Radar (SLAR) do have the ability to detect transparent
slicks, and can be important tools in determining the extent of a hazardous material
spill.
Second, personnel responding to a spill attempt to gain information on the
material involved in order to assess health risks and remediating options. Many trade
books are available which list chemicals by trade and technical names, applicable
regulatory authorities, and a brief description of fate and preferred response strategies.
Subscriptions to computerized systems such as the Chemical Hazard Response
Information System (CHRIS) operated by the USCG, and CHEMTREC, a toll-free
hotline operated by the Chemical Manufacturer's Association, are also available
(WDOE, 1988).
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Even when spills are detected, odds against containment are great. Petroleum
spill percentage recovery is typically below 20 percent (AOSC, 1990); hazardous
material spills reduce that percentage because of two complications. First, noxious
fumes and other human health risks present at the spill site can limit access by
responders. Second, except for floater-type materials, hazardous materials do not
remain at the sea surface like oil, eliminating the effectiveness of traditional booming
and skimming devices. In some cases, harmful effects from the spilled chemical can be
negated by applications of a counteractive substance. For example, hydrochloric and
other acid spills are typically neutralized with alkaline compounds.
Artificially-induced bioremediation has been used as one strategy in oil spill
response, including cleanup operations for recent spills in Prince William Sound and
Galveston Bay (AP, 1990). This procedure, which entails both enhancing native
bacteria oil degradation by application of fertilizers, as well as application of
genetically-engineered bacteria, has been tested on ground spills of acrylonitrile and
other non-oil hazardous substances. However, the time period necessary for bacteria to
establish sufficient numbers and degrade the synthetic material is usually inadequate in
the face of immediate public health threats inherent in most hazardous material spills
(Walter and Dobbs, 1980).
The USCG has responsibility for hazardous material spill response in U.S.
navigable waters. The Department of Defense has assumed the responsibility to
function as the On-Scene Coordinator (OSC) for all non-oil hazardous material spills
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which occur within its facilities. E.P.A. has primary responsibility for spills that occur
on land and in non-navigable waters, though in Washington state it has delegated this
role to WDOE.
Spill Response - Puget Sound. WDOE has four statutory responsibilities
regarding hazardous material spill response: to respond to each incident in order to
identify the cause and responsible party,; to ensure adequate cleanup occurs; to initiate
enforcement action; and evaluate environmental damages (WDOE, 1988). WDOE
serves as the lead state agency for management of non-radioactive hazardous material
spills; radiation incidents are managed by the Washington Department of Health.
Other roles in hazardous material spill response are shared by:
WA Dept. of Agriculture
Technical assistance, Testing
WA Dept. of Emergency Management
Communications, Comprehensive Emergency Management Plan, Drills.
WA Depts. of Fisheries, Wildlife
Damage assessment aid
WA State Patrol
Incident Command Agency for state highways
WA Dept. of Transportation
Assist during spills on state highways.
WA Utilities and Transportation Commission
Investigate rail accidents.
All spills in the state are reported to the Division of Emergency
Management of the Department of Community Development.
Local agency involvement in Washington's hazardous spill response scheme
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varies, but generally can be expected to provide fire and police service during
emergency response efforts where threat exists to life or property. Private spill
response exists through obligations of the responsible party to contain its spills, and the
use of contractors (WDOE, 1988).
WDOE maintains a small inventory of spill cleanup equipment, but typically
defers cleanup to private contractors. WDOE responders have access to several
computerized databases. In addition to common tools and safety items, and a small
library of manuals, spill response vehicles (full-size vans) are equipped with boom and
plugging materials. In addition, the central safety store at Woodland Square maintain a
variety of loan equipment, including an array of chemical detection systems such as an
Interscan HCN cyanide meter (WDOE, 1988).
SARA (42 U.S.C. 9601 et seq.) requires states and local governments to
establish hazardous material emergency response plans through local emergency
planning committees (LEPC). Currently, there are 39 local emergency planning
committees statewide; 18 of the jurisdictions in the Puget Sound basin have established
LEPC plans which include interjurisdictional "Haz Mat" teams (PSWQA, 1990a).
The need for adequate contingency plans, evidenced by the heavily criticized
Exxon Valdez cleanup, applies equally to hazardous material spills. At a minimum,
contingency plans describe the response command system, provide a call down list of
responders, define appropriate response actions, and highlight geographic areas of
unique vulnerability or value (WDOE, 1988). WDOE has prepared a statewide
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contingency plan; however, site-specific contingency plans are necessary for effective
response. Under the Emergency Planning and Community Right-to-Know Act of 1986,
local emergency planning committees must prepare emergency plans for releases of
hazardous substances. Industry facilities prepare site plans under requirements of
SPCC regulations and discharge permits (National Response Team, 1987).
Contingency plans are ineffective if they only work on paper; drills are an
important form of quality assurance. On February 28 and March 1, 1990, the USCG
held a spill response drill in Puget Sound. The scenario involved a collision between a
oil tanker and a barge containing sulphur, chlorine, anhydrous ammonia, compressed
gas, and a corrosive liquid. The on-paper response focused mainly on a 150,000 barrel
oil spill from the tanker, and no mention of a specific hazardous material response
team effort was made (USCG, 1990a).

Hazardous Material Spill Prevention
The odds are against significant containment of hazardous material spills or
reduction of spill impacts. Therefore, as recognized in reports by the Alaska Oil Spill
Commission, Puget Sound Water Quality Authority, and many others, prevention is key.
A number of existing statutes and regulations assume a prevention stance, such as
training requirements. However, the command-and-control system has not succeeded in
minimizing hazardous spill risk, and will be addressed in the subsequent section on
"Opportunities for Improvement." Rather than attempt to examine the multitude of
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potential regulations which could reduce the risk of hazardous material spills which
affect Puget Sound, the discussion will now turn toward the development of spill
prevention programs by hazardous material handlers.
An EPA study required under Section 305b of Title III of SARA found that
best management practices by industry were key in preventing hazardous material spills
(Davies, 1988). The study focused on 21 representative chemicals of the 366
substances classified as "extremely hazardous. Nine representatives were selected to fit
the following characteristics: large production volumes, broadly accepted hazard
potential, involvement in past accidents, and generally accepted handling procedures
and controls. These nine were: ammonia, chlorine, hydrocyanic acid, hydrogen fluoride,
hydrogen sulfide, methyl isocyanate, phosgene, sulfur dioxide, and sulfur trioxide.
Another twelve chemicals were randomly selected to encompass a range of physical and
chemical characteristics, and consisted of: acrylonitrile, benzenearsonic acid,
benzotrichloride, chloroacetic acid, furan, hydrazine, metchlorethamine, methiocarb,
methyl bromide, sodium azide, tetraethyltin, and trichloracetyl chloride (Davies, 1988).
The study involved literature reviews, site visits, and survey sent to 522 facilities that
handled one or more of the studied chemicals. The study first found that prevention
of accidental releases requires an approach that integrates technology and management
practices. Prevention of chemical accidents must constantly be on the mind of
managers and workers. Secondly, the study determined that "best management
practices" are difficult to assign through regulation, as they depend on specifics of
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chemical, process, and site. Third, awareness of hazards and prevention methods
appears greater in large chemical producers than in smaller producers, users, or
distributors. Finally, the study pointed out several areas needing more research. For
example, technology which can detect and yet withstand the presence of strong
corrosives such as hydrofluoric acid is still undeveloped (Davies, 1988). Overall, the
EPA report recommends assigning primary accident prevention responsibility to
industry, with state government in an oversight role and federal government acting as a
catalyst and filling in holes.
Natural resource economics suggest that hazardous material handlers will
continue to allow the current level of spill risks if the cost of a spill, multiplied by both
the chance of a spill and the chance of assuming responsibility, totals less than the cost
of spill prevention. In other words, post-spill financial losses become a factor of the
production function. If this approach occurs, an externality is introduced to the
economy (Randall, 1987). One road to eliminating this problem is to invoke strict
liability. The Washington MTCA compels strict, several, and joint liability for all
response, cleanup, and natural resource damage compensation costs resulting from a
hazardous material release. Owners and operators of a facilities and transportation
involved in a release face unlimited liability unless proof exists that the discharge
resulted by a natural event, war, or omission or act by a third party (PSWQA, 1990a).
However, state unlimited liability provisions may be preempted by the federal
Limitation of Liability Act, which states that a vessel owner's liability for cleanup costs
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and damages is limited to the owner's interest in the vessel and the cargo remaining on
board. Under the federal Supremacy Clause, state law must yield when in conflict with
federal law (PSWQA, 1990a).
Penalties are the second half of the economic equation which can promote spill
prevention. Two types of penalties are addressed by spill legislation: civil penalties,
which require proof of responsibility, and criminal penalties, which require proof of
intent. While criminal penalties offer more severe repercussions, prosecutors often
choose civil fines because they involve a lesser burden of proof (PSWQA, 1990a).
Penalty maximums exist within most regulations to reduce the likelihood of forced
bankruptcy, which does not benefit either party. Under Section 311 of the Clean
Water Act (33 U.S.C. 1251 et seq.), the Secretary of Transportation may impose a civil
fine of $50,000 per spill, or up to $250,000 if the release resulted from willful
negligence or misconduct. Up to $125,000 per day per violation may be assessed to
violators of Section 309 of the Clean Water Act; however, spill violators cannot face
prosecution under both sections. Criminal fines may also be imposed, as well as jail
sentences.
Court injunctions, a unique form of penalty, may be an untapped source of spill
prevention. In addition to assessing civil fines for illegal discharges of hazardous
materials, the court can, upon conviction, issue an injunction against a violator which
requires specific deterrent actions such as a tank testing program. In addition, the
court can assign a monitor which assures compliance with the injunction. As an
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extreme, the court may establish a receiving organization to control the operations of
the violator's organization until the violator is judged fit to resume control - a
mechanism commonly used for bankruptcy proceedings. Through injunctions, a state
court may succeed in specific prevention prescriptions that would be judged inconsistent
with federal requirements if assigned on a general level by as state agency (AOSC,
1990). Furthermore, while violation of a state regulation often results in civil penalties,
violation of the injunction order is considered contempt and bears criminal
consequences (AOSC, 1990).
Where pressures from the marketplace or regulatory agencies have been
compelling, the hazardous chemical production and transport industry have developed
effective internal spill prevention programs. The DuPont Corporation acid plant in
Linden, New Jersey has adopted a "zero tolerance" discharge policy, focused on the
principle that all spills are preventable (Owen, 1988); steps to implement the plant's
policy include strengthening primary collection and upgrading pipelines. The Olin
Corporation, which handles hazardous materials, has also developed a successful
hazardous chemical spill prevention policy. Their program focuses on minimizing use
of hazardous chemicals, and progresses through a "fault tree" to uncover and mitigate
potential hazards in their production process (McGrath, 1988).
The Monsanto Company in St. Louis, Missouri utilizes a series of models to
prevent leaks and spills of hazardous materials. For example, the Diers model permits
simulations of system overflow conditions, which are used to design catch basins, dikes,
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and other structures which control losses (Schroy, 1988). Monsanto Company
developed a program called RECAP (Retailer Environmental Assistance Program),
which provides capital assistance to install containment systems and loading pads for
distributors that purchase their Lasso herbicide in bulk (Boyen, 1988).
Arthur Burk (1988) of DuPont suggests 12 safety management elements which
can eliminate occurrences of catastrophic spills: 1) safety information on production
process; 2) production process hazards analysis; 3) management of technological
changes; 4) operating procedures; 5) incident investigation; 6) auditing; 7) equipment
tests and inspections; 8) pre-startup safety review; 9) management of facility change;
10) quality assurance; 11) emergency response and control plans, and; 12) personnel
training. Regarding the latter, Burk (1988) proposes five key features of a hazardous
material training program: conceptual training, field training, hands-on trials,
qualification testing, and refresher training.
Primarily concerned with worker safety, unions have also undertaken hazardous
spill prevention efforts. The AFL-CIO, in conjunction with the Workplace Health
Fund, has developed the Center for Emergency Response Planning (CERP) designed
to help workers learn about and prevent toxic material spills. CERP services include
training seminars, computer-based hazard assessment, and access to technical data
bases (Brown, 1988).
The ultimate form of hazardous material spill prevention, namely reduction of
use, is also gaining acceptance within industry (Hendershot, 1988). For example, many
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solvent based coatings and adhesives can be replaced with water-based materials, which
eliminates hazards associated with toxic solvents. Sodium hypochlorite or ozone can
replace the more hazardous chlorine for water treatment systems (Hendershot, 1988).
Hazardous material inventories may also be reduced by in-situ generation, which
minimizes the need for storage of large quantities. For example, a DuPont method for
in-situ generation of methyl isocyanate allows users of the product to reduce inventories
to about 10 pounds (Hendershot, 1988).
Finally, companies which have implemented a hazardous material reduction or
spill prevention program can capitalize on such ventures through environmental
marketing. A good illustration of this strategy occurred in April 1990, when H.J. Heinz
Co. that its Starkist brand canned tuna would not involve fishing practices considered
harmful to dolphins, and incorporated a "dolphin-safe" logo into its advertising strategy.
This announcement was soon followed by comparable declarations from competing tuna
distributors (Newsweek, 1990). Similarly, many companies have begun marketing their
products with "environmentally friendly" or "green" labelling in response to consumer
demand. This concept conceivably should work for chemical products and other
merchandise produced by hazardous material handlers; marketing could advertise low
relative spill frequencies, or emphasize implementation of certain non-required
prevention practices. One company's investment in spill prevention becomes not only a
powerful form of advertising, but can spawn similar actions among competitors through
market peer pressure.
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Opportunities for Improvement
Previous sections have revealed a number of gaps in the management of
hazardous material transport and use in Puget Sound, and the types of spills which
have slipped through those gaps. Without modifications in current systems, it is
reasonable to assume that future hazardous material spills will become more frequent
in Puget Sound as industrial and population pressures increase.
A number of improvements in marine transportation, which would reduce the
risk of marine casualties, would likewise aid in prevention of hazardous material spills.
Many have been identified as necessary on a national scale. For example, an April
1990 internal report by the U.S.C.G. Tanker Safety Study Group recommended a
number of changes to existing gaps in maritime safety programs, including increasing
minimum vessel staffing standards, and devoting greater staff and information system
resources to tanker inspections (USCG, 1990b). The Alaska Oil Spill Commission and
States/B.C. Oil Spill Task Force have suggested other broad-scale measures, including
increased qualification requirements for pilots and other licensed mariners, and
mandatory spill response equipment onboard all hazardous material marine carriers
(AOSC, 1990; States/B.C. Task Force, 1990).
Risk reduction needs for other modes of hazardous material transportation
involve similar repairs to regulations on transit routing, inspections, and response
readiness. More rigorous qualification requirements, linked to frequent and
comprehensive training, are needed to tackle the human error prevalent during
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hazardous materials handling and storage at facilities.
Industry initiatives to prevent hazardous material spills are unreliable within the
atmosphere of weak penalty assessment that pervades hazardous material spill
enforcement. Plea-bargaining occurs in prosecution of spill violations as it does in other
litigation. For example, in return for dismissal of four misdemeanor counts against
three company officials, the Pennwalt Corporation pleaded guilty to four counts of
Clean Water Act violations, and one count of CERCLA violation, agreeing to pay
$500,000 in fines and contribute $600,000 into a Coast Guard spill prevention and
response fund (Miletich and Schnellinger, 1989).
Opportunities in Puget Sound. Specific vessel traffic problems in Puget Sound
dictate the need for regional strategies. In fact, the Commander of the USCG 13th
District in Seattle has in fact announced that the following measures are under
consideration for proposed rule-making:

o

Extending pilotage requirements west from Port Angeles to

the mouth of the Strait of Juan de Fuca at Cape Flattery.
o

Requiring two officers on the bridge of tank vessels

(including a pilot) within Puget Sound.
o

Requiring all tankers transiting Puget Sound to possess

emergency tow plans.
o

Setting speed limits within Puget Sound waters.
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o

Requiring all barges operating within Puget Sound to possess

emergency tow lines.

Another way to reduce vessel traffic risk in Puget Sound would be to expand the
USCG Puget Sound Vessel Traffic System to encompass all areas and vessels which
possess the capacity for a significant hazardous material spill. The existing system,
while covering nearly 2,500 square miles of water, including Rosario Strait and the
Straits of Juan de Fuca, does not extend south of Vashon Island, leaving chemical
barge traffic to and from Tacoma vulnerable (PSWQA, 1990a). Other small blind
spots, and exemption from mandatory participation for small fishing and recreational
boats present a collision risk to cargo ships carrying hazardous materials. Electronic
Chart Display Information Systems (ECDIS), linked through satellite coverage to the
Puget Sound VTS, can be installed on vessels to provide instantaneous navigation and
hazard information (PSWQA, 1990a).
Finally, seasonal vessel movement restrictions are also needed to relieve traffic
lane congestion by commercial fishing vessels. Although the USCG currently can
establish Temporary Special Traffic Lanes (TSTL) in certain areas of Puget Sound,
fishing boats may still set nets in ferry and cargo ship lanes as long as nets are
removed 15 minutes prior to passage of a deep-draft vessel. In 1989 alone, 140
citations were issued to fishing vessels which violated that stipulation (PSWQA, 1990a).
The enforcement of hazardous material regulations have yielded to overloaded
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courts and lack of enforcement staff. For example, the USCG Operations Office in
Seattle operate only three to four routine three-hour onwater law enforcement patrols
each week to cover thousands of miles of shoreline in Puget Sound. During the
patrols, officers watch for navigation and equipment violations and other infractions.
Few violations are seen during patrols, possibly attributed to increased obedience of
regulations while the patrol is present. This "visual deterrence" is commonly accepted
in other law enforcement fields, such as highway patrols. Cuts in onwater patrols in
Puget Sound have followed cuts in the USCG budget. In 1988, the USCG halted
Puget Sound onwater patrols for two months when fuel money ran dry at the end of
the fiscal year. Instead, the USCG has had to depend on the cooperation of vessel
operators to follow Rules-of-the-Road (Ramsey, 1989). In contrast, the Canadian
Royal Mounted Police operate seven 50-foot boats in the waters of British Columbia
to provide full-time patrols (Ferguson, 1989). Again, visual deterrence is a primary
goal. Wenk points to a lower frequency of human error as a cause of maritime
accidents in British Columbia than in the United States (Wenk et. al., 1982). Only
0.5% of 20,000 container handlers, and 4.8% of 104,000 shipping facilities were
inspected nationwide by the D.O.T.'s Office of Hazardous Material Transportation
(OHMT) or Federal Railroad Administration (FRA) (WUTC, 1986).
The Future of Hazardous Material Spill Management in Puget Sound The Role of the Puget Sound Water Quality Authority.
The population of the Puget Sound basin is expected to grow by nearly 40
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percent by the year 2010 (PSWQA, 1990c). Increased transport and production may
contribute to hazardous material spill risk factors. While the future of water quality in
Puget Sound as a whole will depend on many political and social factors, the future of
the Puget Sound Water Quality Authority and Puget Sound Plan will be an important
indicator.
Based on a 1991 sunset provision written into the original PSWQA Act, the 1991
Puget Sound Water Quality Management Plan was to be the final management plan for
the Sound, as well as the official federal Comprehensive Conservation Management
Plan for the Puget Sound National Estuary Program. However, legislation passed in
1990 (SHB 2482) amended the original PSWQA act, and allowed the Authority to
continue under a new format. The amendment increased the planning cycle from two
years to four, expanded the Authority from 6 members to 11, and most significantly,
appoints the Director of WDOE as the task force chair. The PSWQA director is still
appointed by the governor, but no longer serves on the Authority board. The
amendment also moves the PSWQA staff to Olympia, which along with the other
changes, sparked a number of resignations. The 1991 plan will still serve as the
Comprehensive Conservation and Management Plan (CCMP) for the Puget Sound
National Estuary, and thus acquires federal significance under the Clean Water Act;
However, the statute failed to clarify the mandatory nature of the Puget Sound Plan.
A revised plan is required in the new statute in 1995, at which point the Authority will
again undergo a termination review. One key criticism of the amendment's provisions
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centers on the interconnection with WDOE through the task force chair. While the
Authority serves an oversight role, its independence is diminished.
In the 1989 Plan, hazardous material spills were considered a part of the
"Unfinished Agenda," which were programs which the PSWQA considered important
but of less priority in terms allocating resources. The 1991 Puget Sound Plan has
incorporated hazardous material spills into a full-fledged spills plan program. The 1991
spills program contains several elements which will may reduce the risk of hazardous
material spills in Puget Sound if implemented (PSWQA, 1990c). SP-2 requires WDOE
to complete revisions and make periodic updates to the state master contingency plan,
as well as cooperate in regular response drills per recommendation by the States/B.C.
Task Force. SP-5 adopts by reference the joint and Washington-specific States/B.C.
Task Force recommendations, with subsequent implementation by WDOE and other
appropriate state agencies beginning by August, 1991. SP-7 requires the Department of
Community Development, Fire Protective Services Division to develop (by December
1991) and implement a program to train local fire departments, businesses, and
industries in the provisions of recently amended Article 80 of the Uniform Fire Code,
which specifies hazardous material storage requirements. SP-8 establishes a work group
to identify gaps in local, state, and federal regulations which permit hazardous material
handlers and transporters to operate without spill prevention programs, focusing on
inland chronic on-water spills. The group would convene by February 1, 1991, and
complete a final report by October 1, 1991. SP-9, while mainly affecting spills of fuel
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and other oils, attempts to reduce all spills which may arise from traffic conflicts in
navigation lanes during fishing seasons. This element requires fishing representatives,
tribes, the Coast Guard, and Washington Departments of Fisheries and Transportation
to participate in initial negotiations through the Puget Sound User's Forum by July
1991. SP-10 directs PSWQA to contract a study on the need for speed limits, weather
restrictions, and other safety measures in Puget Sound. The study would be completed
by December 1992, with recommendations forwarded to the Washington Pilotage
Commission and USCG by January 1993. Finally, SP-11 directs Washington Sea Grant
to begin development of spill prevention education program for commercial fishermen
by July 1991, focusing on chronic small discharges such as hydraulic fluid leaks
(PSWQA, 1990c). This program would include education on the aquatic damages
caused by chronic hazardous material spills, demonstrations of new technology and
alternative products, and discussion of onshore disposal needs and opportunities.
Facility spills similar to the 1985 Pennwalt incident (Appendix A) are also
addressed by element P-9 in the Municipal and Industrial Discharge program. This
element requires WDOE to require spill control plans for all facilities with NPDES
permits. More importantly, WDOE would require that the spill plan demonstrate
secondary containment areas for all hazardous substance storage sites, with no-drainage
or controlled drainage outlets (PSWQA, 1990c).
Within the spills program, the PSWQA has ranked catastrophic oil spill as top
priority. Moreover, a priority-setting process required by the 1990 amendments may
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shift attention from the spills program to shellfish sanitation or other critical water
quality programs. In fact, Environment 2010, a program run through the governor's
office to set priorities for Washington's environmental agenda over the next two
decades, did not consider spills in general as a top issue (air pollution ranked foremost;
PSWQA, 1990c).

Conclusions
The hazardous material spill question for Puget Sound breaks down to three
main issues - how bad is the problem now, will it become worse, and what should be
done? This paper has focused on these issues indirectly through a discussion of past
spills, existing uses and management regimes, and prevention options. The following
conclusions can be made:

o Puget Sound hosts a number of hazardous material transportation, production, and
storage activities which have been, and will continue to be sources of hazardous
material spills.

o No comprehensive hazardous material spill reporting and monitoring systems exists
for the Puget Sound basin. Therefore, there is not enough data to support regional
and general risk assessment.
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o Facilities and on-water traffic present the greatest risk of catastrophic hazardous
material spills in Puget Sound; highway accidents may contribute many small doses of
hazardous materials into Puget Sound.

o Some areas of Puget Sound, such as the heavy damaged Hylebos Waterway, have
received considerable impact from hazardous material spills.

o Human health aspects of hazardous material spills may inhibit response, but may be
less important than environmental risks on a cumulative timescale.

o

As with oil spills, hazardous material spill response is ineffective overall.

Environmental and human health damages can only be avoided by prevention.

o Hazardous material management in Puget Sound - now split between regulators of
oil, hazardous wastes, and transportation -is not organized efficiently.

o

Without incentives, industry self-regulation does not minimize the risk of

hazardous material spills in Puget Sound.

o Because of their sheer volume, petroleum spills warrant a higher priority than
hazardous material spills, although hazardous material spills have greater potential for
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severe environmental damages.

o The hazardous material spill issue must be elevated to a level that stimulates
prevention activities prior to the occurrence of a spill of tragic proportion, as in the
case of the Exxon Valdez. For example, currently, no school curricula in the state
specifically addresses spill prevention, and due to budget restrictions, production of spill
curricula is unlikely in the near future (PSWQA, 1990a). Public education and
awareness campaigns are a vital tool for this need, and has proven successful in Puget
Sound from preventing a similar situation with nonpoint source pollution.

o Currently, hazardous spills have not severely degraded Puget Sound. However, until
March 1989, the Prince William Sound had not been severely degraded by oil spills.

Based on these findings and recognition of opportunities for improvement, the
following recommendations for state action are offered:

Recommendation 1: WDOE should develop a comprehensive hazardous material spill
data recording program in coordination with the USCG, EPA, Washington DOT, the
WUTC, and other appropriate groups. Ecology should issue an annual report on
hazardous material spills, including regional risk assessment, to the Puget Sound Water
Quality Authority.
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Recommendation 2: PSWQA, WDOE, USCG, and EPA should jointly fund a pilot
project to raise public awareness of hazardous material spills in Puget Sound and the
actions which local citizens can take to reduce risk at a specific site from a specific
source. If successful, this project should be repeated throughout the Puget Sound
basin, and include development of school curricula.

Recommendation 3: The Washington legislature should amend the Oil Spill Response
Act of 1990 to include hazardous materials in addition to petroleum products, and
amend the Model Toxics Control Act to include hazardous material product in addition
to hazardous material waste. The Department of Ecology should make appropriate
changes to the Dangerous Waste regulations.

Recommendation 4: WDOE should significantly increase their efforts to enforce
hazardous material handling regulations, and aim for 90 percent inspection coverage.
The Washington Attorney General's Office should prosecute 100 percent of hazardous
material spill violations.

Recommendation 5: To finance increased agency enforcement and education staff
needs, and to increase insurance company interests in promoting customer safety,
WDOE should substantially increase penalty levels. In addition, a per ton fee should
be assessed on hazardous material transporters and producers at a level which best
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approximates existing externalities.

Recommendation 6: The Spill Prevention program of the Puget Sound Water Quality
Authority Plan should be implemented, and therefore funded, in full.

Recommendation 7: State agency budgets for spill management should first and
foremost be applied to prevention programs. Hazardous material response efforts
should be limited to maintaining equipment, staff, and coordination efforts as necessary
to protect human safety and shield sensitive resources.

Recommendation 8: The Department of Labor and Industries in consultation with the
Department of Ecology, should certify hazardous material spill prevention and response
training programs, and require dockworkers, industry employees, and other individuals
directly involved in handling, transporting, or storing hazardous materials to complete
such programs.

Recommendation 9: The USCG should codify its six proposed vessel traffic risk
reduction proposals, and continue expansion of the Puget Sound Vessel Traffic Service.

Recommendation 10: The WDOT should review existing commercial truck traffic
routes, and construct barriers against spillage to waterways along roadway segments
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which pass over waterways or conduits leading to waterways (e.g. stormdrains).

Recommendation 11: WDOE should require and review annual spill prevention plans
for all facilities and transport businesses, permitted and non-permitted, which handle
hazardous materials. Plans should, at a minimum, detail training programs, methods to
reduce storage and handling mishaps, and safety review/self inspection programs.

How can the success of these and other spill prevention measures in Puget
Sound be evaluated? While the absence of spills is an obvious indicator, it is also
unrealistic. However, implementation of these and other recommendations should
reduce the frequency and severity of hazardous chemical spills over the long term, and
spills which do occur should not derive from targeted causes. Measurement of these
changes requires detailed knowledge of past and present details of spill incidents, which
underscores the importance of an adequate online tracking system.
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APPENDIX A
CASE STUDY - PENNWALT HYLEBOS WATERWAY SPILLS

The chain of events that surrounded accidental spills of toxic sodium
chlorate/sodium chromate solutions by the Pennwalt Corporation Tacoma plant first in
1985 and again in 1988 provides an example of shortfalls in the management of
hazardous materials in the Puget Sound region. Pennwalt Corporation, Inc., a Fortune
500 company headquartered in Philadelphia, Pennsylvania, primarily manufactures
pharmaceuticals, specialty equipment, and industrial chemicals. The Tacoma plant
manufactures chlorine, caustic soda, hydrochloric acid, and of particular interest to the
case study - sodium chlorate solution (U.S. vs. Pennwalt, 1989).
Sodium chlorate, a highly corrosive material, is primarily used in the northwest
as a bleaching agent in pulp and paper mills, and is manufactured through the
electrolysis of salt brine. The manufacturing process requires the addition of sodium
dichromate, a toxic compound containing the carcinogenic hexavalent chromium.
Sodium dichromate is listed as a hazardous substance by EPA in regulations under the
Clean Water Act and CERCLA. Based on Pennwalt's daily testing records, sodium
chlorate produced at the Tacoma plant typically contains 5 grams of sodium dichromate
per liter. Information on sodium dichromate concentrations is regularly distributed to
the plant manager (U.S. vs. Pennwalt, 1989).
Pennwalt began manufacturing sodium chlorate in Tacoma in 1977. At that
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time, the company installed two 180,000 gallon carbon steel tanks (Tanks 111 and 112)
for storing sodium chlorate. The tanks measured 24 feet high and 36 feet in diameter.
A third storage tank (113) was built in 1978. The tanks were originally lined with an
epoxy coating to protect the steel walls from the extremely corrosive effect of sodium
chlorate (U.S. vs. Pennwalt, 1989). By 1980, the original epoxy tank liners began to
deteriorate. Pits and blisters in the lining allowed sodium chlorate solution to contact
the tank walls, which then began to corrode rapidly. Also by 1980, production
capacity had doubled without a corresponding increase in storage capacity, which
reduced the plant's ability to take a tank out of service for repairs (U.S. vs. Pennwalt,
1989).
By 1981, company documents reported several leaks in the tanks' walls. In
December of that year, a memo addressed to Franklin Shannahan, president of
Pennwalt's Inorganic Chemical Division (which includes the Tacoma plant), reported
the sodium chlorate storage tanks would soon need replacement if a solution to their
deterioration was not found. This memo was copied to Tacoma plant manager Orval
High and his direct supervisor Edward Golinski, manufacturing manager for the
Inorganic Chemical Division. Additional memos sent between 1982 and 1984 by the
foreman of the chlorate department and plant engineers continued to describe the
rapidly deteriorating condition of the tanks, and frequently reported small leaks (U.S.
vs. Pennwalt, 1989).
During spring of 1983, Tacoma plant staff used sandblasting equipment to
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remove the failing epoxy tank liners. Tanks 111, 112, and 113 were then put back in
service without any surface liner. For a minimum of six subsequent months, hot
sodium chlorate was stored in direct contact with the tanks' steel walls. In 1984, 100
mm thick open-topped PVC liner bags were installed in the tanks. These bags were
mainly a leak prevention measure, and did not increase tank structural integrity.
During tank patching operations in the summer of 1984, Pennwalt employees reported
the presence of hundreds of holes in the tank walls (Whitely, 1989). An employee
standing inside one of the tanks during an inspection observed daylight entering
through the walls (U.S. vs. Pennwalt, 1989).
On January 2, 1985, at approximately 7:50 p.m., tank 111
collapsed. The tank was full at the time, and apparently ruptured along a highly
corroded region of tank wall, spilling virtually all its 154,000 gallons of contents onto
the ground. The force of the release knocked neighboring Tank 110 from its
foundation, causing it to collide with and damage nearby Tank 112. Tank 110
contained approximately 10,000 gallons of sodium chlorate solution, and released most
of its contents after the accident. With no containment berm surrounding the storage
tanks, product from Tank 110 and 111 freely spilled over the plant yard, and entered
the plant storm sewer system through conventional drains and a French drain system
(perforated drain pipes buried in permeable gravel). At least 75,000 gallons of the
sodium chlorate solution passed untreated through the stormdrain system, spilling via
an outfall pipe into the Hylebos Waterway, an extension of Puget Sound's
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Commencement Bay and considered a navigable waterway of the United States as
defined in U.S.C. Title 33 (U.S. vs. Pennwalt, 1989). Plant manager Orval High was
notified at home shortly after the spill. From 9 p.m. until 10 p.m., High and another
Pennwalt employee attempted to determine the proper notification protocol. Finally, at
10 p.m., High called watch officer James Porter of the Seattle USCG Marine
Environmental Protection Office. High stated that a 20,000 gallon release of nonhazardous sodium chlorate was released into Hylebos waterway; no mention was made
of sodium chromate. Based on High's description of the spill amount and nonhazardous nature, the Coast Guard did not respond to the spill. It should be noted
that sodium chromate spills can be mitigated by application of trivalent iron and
sodium bicarbonate, which allows precipitation of ferric chromate (Dawson et al., 1970).
High held a similar conversation with Thomas Eaton of WDOE shortly after 10 p.m.;
again, no mention was made of chromium or a volume greater than 20,000 gallons
(U.S. vs. Pennwalt, 1989).
On January 2 and 3, plant employees were directed to wash (with water) roads
and other plant surfaces affected by the spill. No effort was made to block storm
drains during this operation, allowing contaminated wastewater to also enter the
Hylebos waterway. Later employee testimony revealed this practice as standard postspill cleanup procedure at the facility (Miletich and Schnellinger, 1989; U.S. vs.
Pennwalt, 1989).
After a discussion with another WDOE employee on January 3, Thomas Eaton
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learned that the sodium chlorate solution produced by Pennwalt contained sodium
dichromate. Eaton verified this information with High, and then visited the spill site.
During the site visit, WDOE staff emphasized the requirement to notify the National
Response Center of the incident. At 5 p.m. that afternoon, Pennwalt employee
Andrew Paszkowski called the NRC and reported that 75,000 gallons of sodium
chlorate solution was released, containing a total of 500 pounds of sodium dichromate.
The reportable quantity of sodium dichromate under CERCLA is 1000 pounds.
However, based on the 5g/1 concentration figure used by Pennwalt, a 75,000 gallon spill
of sodium chlorate would contain over 3000 pounds of sodium dichromate (over 1000
pounds of actual chromium). WDOE soil samples revealed significant levels of
hexavalent chromium. Environmental damage assessment surveys did not reveal fish
kills or other conspicuous mortalities; it does not appear that sampling for sublethal
contamination was performed (U.S. vs. Pennwalt, 1989).
Tanks 110-112 were repaired, but no attempt was made to
improve containment strategies. In fact, in 1988, a human error caused another
Pennwalt plant discharge of chemicals into the Hylebos via the same stormdrain system
in effect in 1985 (Whitely, 1989). On January 15, the Tacoma plant sodium chlorate
lines were drained during a routine bi-weekly maintenance shutdown. When the
subsequent shift initiated start-up, a improperly positioned valve allowed sodium
chlorate to drain from a tank, overfill a shallow containment area, and empty through
the French drains into the Hylebos. During this event, there was no startup checklist
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to assure valves were correctly positioned, nor did any plant policy require
communication between shift operators (U.S. vs. Pennwalt, 1989).
Based on investigations into the 1985 and 1988 incidents, the U.S. EPA brought
charges against Pennwalt. On May 19, 1988, the Pennwalt Corporation, including
several employees, were indicted by a grand jury on six counts surrounding the 1985
and 1988 spills. While the other counts were misdemeanor offenses, because count two
was a felony, the trial was held in a U.S. District Court presided by Judge Jack Tanner
(U.S. vs. Pennwalt, 1989).
The first count charged Pennwalt Inc., High, Shannahan, Golinski, and Robert
Custer - Pennwalt corporate Vice-President for Chemicals, with the negligent discharge
of sodium chlorate/dichromate solution from a point source without first having
obtained a permit under the National Pollutant Discharge Elimination System, in
violation of three sections under the Clean Water Act. Count 2 charged Pennwalt Inc.
and High with knowingly and willfully concealing facts and making fraudulent
statements to the USCG regarding the amount and nature of material spilled. Count 3
charged Pennwalt Inc. and High with failure to notify the USCG that a release of
sodium dichromate in excess of the 1000 pound reportable quantity had occurred.
Count 4 and 5 charged Pennwalt and High with willfully and negligently washing
sodium chlorate down the plant drain system during spill cleanup on January 2 and
January 3, discharging the solution into the Hylebos without a NPDES permit. Finally,
Count 6 charged Pennwalt with negligent discharge of sodium chlorate into the Hylebos
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without a permit on January 15, 1988. Because field investigations revealed no
significant environmental damages from the spill, cost recovery did not enter the
litigation (Miletich, 1989). Several weeks of testimony ensued; among several
arguments, attorneys representing Pennwalt Inc. claimed that the USCG and WDOE
officials involved should have been aware that sodium chlorate solutions typically
contained a fraction of sodium dichromate (U.S. vs. Pennwalt, 1989).
With agreement by the prosecution, Pennwalt submitted a guilty plea with
reduced charges. The corporation was convicted of violation of Title 33 under counts
1, 4, 5, and 6; and violation of Title 42 USC Section 9603 under Count 3. As part of
the plea agreement, Count 2, and criminal charges against Custer, Golinski, and
Shannahan were dismissed. High pleaded guilty to misdemeanor counts 1 and 3, facing
a maximum one year in prison and $100,00 fine; he was later sentenced to two years
probation (Eskenazi, 1989). Pennwalt Inc. was fined $100,000 for each count for a
total of $500,000. In addition, Pennwalt was required to establish a $600,000 trust fund
within 10 days of judgement to help finance improvements in the USCG Vessel Traffic
System for Puget Sound. Finally, Pennwalt pledged to investigate storage facilities at
all of its plants (Miletich and Schnellinger, 1989). On two subsequent occasions, Judge
Tanner refused to accept a guilty plea from an executive officer representing the
corporation, demanding that the chief executive officer appear to claim responsibility.
Finally, on August 9, 1989, CEO Edwin E. Tuttle entered the guilty plea, and the case
was closed (U.S. vs. Pennwalt, 1989).
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Tuttle stated in an interview after the case that Pennwalt has spent $5 million in
safety improvements. For example, a new caustic storage tank farm was built in a
location without direct exposure to the waterway. New sodium chlorate tanks were
installed, in an area with primary containment. An upgraded sewer system was
installed which uses computerized monitoring sensors to automatically divert water that
does not meet environmental standards into holding tanks. Finally, Pennwalt was
testing a new process to make sodium chlorate without sodium chromate, although no
capital resources had been devoted (Eskenazi, 1989).
Beyond the overall presence of hazardous material mismanagement, the
Pennwalt sodium chlorate incidents revealed a number of specific faults which may
permeate all hazardous chemical production and transport operations:

o

Drain facilities are improperly designed. Openings are located near storage
sites, and materials are channeled directly into Puget Sound waterways without
emergency bypasses or treatment.

o

Primary containment basins and enclosures are insufficient to contain spills;
secondary containment is rarely used.

o

Chemical production processes are in use which require toxic additives such as
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sodium chromate; on a larger scale, paper mills and other industries demand
such products for their industrial processes.

o

Storage facilities are poorly maintained; repair practices are retroactive bandages
versus proactive restoration.

o

Plant foremen and managers are not adequately trained in spill response
notification requirements.

o

Plant foremen and managers are not adequately trained in accurate spill
assessment, or are given incentives to report misleading information to response
authorities.

o

Adequate spill cleanup protocols do not exist.

o

Shift changes and periodic maintenance shutdowns lack attention by management
as increased risk periods.

o

Strict proof requirements and limited enforcement allow responsible parties to
avoid full convictions for spill violations.
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APPENDIX B
INTERNSHIP SUMMARY
The Environmental Planner I position exists to assist research and plan
development needs of senior environmental planners within the Puget Sound Water
Quality Authority. During my three-month assignment, I became involved in a variety
of short-term and long-term projects which involved research, writing, editing, data
compilation, and other responsibilities. Through these activities, I worked directly with
the following elements of the 1989 Puget Sound Water Quality Plan: spill prevention,
wetlands, sediment contamination, fish and wildlife habitat, and pesticide contamination.
The following section describes my internship experience in terms of this matrix of
duties and issues.
Spills Issue Paper: researched material through literature review, interviews, and
analysis of statutes and regulations. Wrote several sections of issue paper, and helped
in edit of others. Gained background in maritime transportation, oil spill technology,
and legal analysis.
Habitat Issue Paper: researched material on Puget Sound habitat geomorphology and
on several habitat management programs.
Pesticides Issue Paper: conducted interviews on pesticides use in Puget Sound and
wrote corresponding text.
Wetlands Field Work: Assisted Snohomish County Watershed planners in wetlands
mapping of Portage Creek. Gained background in aerial photograph interpretation and
wetland delineation.
Sediments Conference: Via assistance in preparing proceedings of Sediment
Contamination conference, gained background in sediment ecology and contamination
issues.
Research/Monitoring Committee: Attended several meetings of steering committees for
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Research and Monitoring; gained background in shellfish monitoring, Puget Sound
research issues.
NPDES Permits: Summarized existing permits under Authority staff review, and
worked on permit tracking system.
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TABLE 1: USDOT HAZARDOUS MATERIAL CLASSIFICATION
Class

Definition

Example

1.

Oxidizers

Yield 02 readily to stimulate combustion of organic matter

Chromic acid

2.

Organic Peroxides

Organic compound containing bivalent -o-o- structure

Benzoyl peroxide

3.

Corrosives

Liquid or solid that damages human skin or metal on contact

Caustic soda

4.

Irritating Materials

Substances which give off harmful fumes upon contact with air/fire

Tear gas

5.

Poison A

Extremely dangerous gas/liquid; very small amounts are dangerous

Phosgene

6.

Poison B

Poison other than Poison A class, known to be toxic to humans

Cyanide

7.

Flammable Liquids

Liquid with flash point < 100° F

Gasoline

8.

Combustible Liquids

Liquid with flash point > 100° F and < 200° F

Fuel Oil

9.

Flammable Solids

Non-explosive solid which can ignite or cause fires

Charcoal

10. Flammable Gases

Compressed gas that meets flammability requirements

Hydrogen

11. Nonflammable Gases

Compressed gas other than flammable gas

Chlorine

12. Etiologic Agents

Viable microorganism or its toxin which may cause disease

Polio virus

13. Radioactive Material

Material which emits ionizing radiation > 0.002 yCi/g

Uranium hexafluoride

14. Explosives

Any chemical mixture/device used primarily for explosions

Fireworks

15. Blasting Agents

Material designed for blasting, but insensitive to ignition
during transport

Blasting caps

16. Other Regulated Materials

Any material which does not fit other definitions; Five classes:

a. ORM-A

Irritating material with noxious, toxic, or similar properties

Chloroform

b. ORM-B

Material which can damage vessel/vehicle if leaked

Ferric chloride

c. ORM-C

Material excluded from ORM-A or B, but unsuitable for transfer
without proper preparation

Cotton

d. ORM-D

Consumer commodity subject to regulation but with low hazard

Nail polish

e. ORM-E

Consumer commodity excluded from other hazard classes, but
subject to DOT requirements

PCB's

49 C.F.R. 172.
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IIARPOL ANNEX II HAZARDOUS MATERIAL CLASSIFICATION

FIGURE 2:
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FIGURE 3: NUMBER OF HAZARDOUS MATERIAL/OTHER SUBSTANCE
INCIDENTS REPORTED TO USCG - UNITED STATES WATERS;
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FIGURE 4: NUMBER OF INCIDENTS REPORTED TO WDOE SOUTHWEST
REGIONAL OFFICE SPILL HOTLINE; JUNE 1987-JUNE 1989

SWRO Hotline Incident Reports — June 1987—June 1989
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The SWRO Hotline received an average of 46 calls per month,
with a maximum of 90 in August 1988. Hazardous material spill
reports represented a minority of hotline calls, which were
primarily reports of non-spill water quality violations.

FIGURE 5:

PROPORTION OF HAZARDOUS MATERIAL SPILLS REPORTED
TO WDOE SOUTHWEST REGIONAL OFFICE SPILL HOTLINE;
JUNE 1987-JUNE 1989

Hazardous material spills: June 1987–June 1989
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Hazardous material spill incidents encompassed a broad range
of materials, including relatively innocuous materials such
as latex paint to highly hazardous materials such as chlorine
and nitric acid. Quantities ranged from 1 gallon mishaps to
thousand pound releases from highway accidents. On average,
hazardous material spills represented 11.8 percent of hotline
calls, with a maximum of 29 percent.

FIGURE 6: NUMBER OF HAZARDOUS MATERIAL SPILLS REPORTED
TO WDOE SOUTHWEST REGIONAL OFFICE SPILL HOTLINE;
JUNE 1987-JUNE 1989

Hazardous material spills: 1987-88 vs. 1988-89.
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While no seasonal trend is apparent, the number of hazardous
material spills reported each month did increase overall
between 1987-88 and 1988-89 figures. An average of
approximately 4 hazardous material spill calls were received
each month, with a maximum of 12 in June, 1989.

FIGURE 7: NUMBER OF PETROLEUM SUBSTANCE SPILLS REPORTED
TO •DOE SOUTHWEST REGIONAL OFFICE SPILL HOTLINE:.
JUNE 1987-JUNE 1989

Petroleum product spills: June 1987—June 1989

An average of 7.6 petroleum spill reports were received
through the hotline monthly, with a maximum of 20 in August,
1988.

FIGURE 8: ANNUAL NAVIGATION RISK VALUES FOR PUGET SOUND
BARGE AND TANKER TRAFFIC ROUTE BEGNENT8
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Risk values are relative, and reflect a combination of winter
and summer risk values. The highest risk value, 57.1, was
assigned to navigation within harbors and refinery transfer
sites.
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FIGURE 9: ENVIRONMENTAL FATE OF HAZARDOUS MATERIAL SPILLS
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FIGURE 10: INTERNATIONAL MARINE POLLUTION PLACARD

A variety of international symbols have been developed to
identify hazardous materials. The above symbol was adopted
by the International Maritime Organization as a general label
for known marine pollutants.
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