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To the Govemor, the Leg'islature and other readers:

This is the third State of the Sound Report. The report summarizes what
is known about the Sound, its resources, and the trends that threatm it.
When the Puget Sound Water Quality Authority was formed in 1985 to
develop a comprehensive strategy to protect the Sound and its resources,
we all knew we had a long road to travel. Now, five and a half years
after the first Puget Sound Water Quality Management Plan was adopted,
we are seeing signs of success.

From stream rehabilitation efforts that have enticed salmon back, to wa-
tershed management proiects that involve citizens in protecting the
Sound, the Puget Sound community has responded to the challenge of
stewardship. One year ago the Environmental hotection Agency ap
proved the plan as a Comprehensive Conservation and Managerrent Plan

-the first estuary plan in the nation to receive such approval. Many spe.
cific actions called for in the plan have been fully or partiaUy implement-
ed. For example, we now have standards for sedimerrt quality, more
pumpouts for boaters, water quality field agents in five Puget Sound
counties, improved local stormwater programs, effective and coordinated
cleanup prograrns in six of our urban bays, and capital projects to correct
serious problems created by combined sewer overflows. For three years
the Puget Sound Ambient Monitoring Program-a coordinated effort in-
volving six state agencie+-has collected data which will be exkemely
useful in understanding the changing condition of the Puget Sound eco'
system. Legislation approved n 1992 gives counties authority to create
shellfish protection districts, providing us an important tool to reverse the
trmd of shellfish bed closures. The Authori!y's Public lnvolvement and
Education Fund (PIE Fund) has seeded over 100 local, innovative projects
that have reached over one million residents of the state.

Consistent, adequate funding has been key to implementation of the
Puget Sound plan. In 1991 the Governor proposed and the legislature ap
proved a doubling of funds for state agencies to carry out the plan. In
1985 the legislature created the Centennial Clean Water Fund which has
been critical to the basin's local governmmts as they take actions to pro
tect the Sound. Our congressional delegation is seeking increased federal
funding for implementation of the plan.

As we noted in the second State of the Sound report, the Sound will be
slow to show the results of our efforts to protect it. The rapid growth of
the basin's population will compound all of the challenges which we face,
and we must anticipate that our attention to protecting the Sound will
yield both good news and bad news. For er<ample, while salmon are re.
tuming to some of the Sound's streams, harvesting of shellfish has been
reskicted in many areas.

We have made progress, but our irb is not done. We must maintain and
increase funding for actions outlined in the Puget Sound plan. We must
continue to emphasize prevention of pollution, a long-term commitment
to the Sound's protectiory active involvement of all of the citizens of the
Sound and the state in this effort, and innovative, effective and practical
actions to preserve this beautiful and bountifuI place for future genera-
tions.

Iune 1992

N
Executive Director
Puget Sound Water Quality Authority
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The region's rapidly growing population continues to push Puget
Sound's resources to the limit, presenting new challenges for all those in-
volved in its protection. T\e 1.992 State of the Sounil sets the stage for
some of the actions that will be necessary to protect and enhance the
Sound in the 90s and beyond.

The 1980s marked a turning point for Puget Sound. Early in the decade,
public attention focused on the health of Puget Sound as it continued to
show signs of deterioration. Resources and habitats once viewed as inex-
haustible in their bounty and unlimited in their ability to assimilate pollu-
tants were recognized for their vulnerability to such problems as
chemical contamination in fish tissue, bacterial pollution of shellfish, con-
tamination of bottom sediments, and widespread degradation of shore.
line areas.

ln 1985 the Iegislature established the Puget Sound Water Quality
Authority and charged the agenry with developing and overseeing the
implementation of a long-term comprehensive plan to protect and restore
Puget Sound. The Authority issued the Puget Sound Water Quality
Management Plan n 1987, followed by revisions in 1989 and 1991. While
the Authority is responsible for developing the plan and coordinating its
implementation, the activities and programs are carried out through a
concerted effort involving federal, state, local, and tribal governments,
and businesses, civic organizations, and citizens of the entire region.

Complementing these responsibilities, the legislature directed the
Authority to regularly prepare a State of the Sound report describing the
condition of Puget Sound and related activities to protect the resources
and habitats.

The 1992 State of the Sound is divided into four sections. The first two
chapters provide background information on the resources and values of
Puget Sound and the environmental effects of the basin's growing popu-
Iation. If you are familiar with this information, you may want to concen-
trate on the third chapter, which outlines the current health of the Sound,
or the fourth chapter, which describes the region's efforts to protect and
restore the Sound's nafural environment, focusing on implementation of
the Puget Sound plan. Much of the information in chapter three is sum-
marized from the 1997 Puget Sound Update, a separate publication of the
Authority which presents the latest findings of the Puget Sound Ambient
Monitoring Program.
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!l uget Sound offers a breadth of landscapes unique in the world-the
p r&f.y shores of the San fuan Islands', the fdrested slopes of the
I Olympic Mountains, Skagit VaUey's fertile floodplain, and rich, tidal
mudflats in the southern inlets. The health of the Sound depends on
these rich and diverse environments. We begin our discussion on the
state of Puget Sound with a brief look at its resources and values.

Nestled between the Cascade and Olympic Mountains in northwest
Washington, the Puget Sound basin covers more than 16,000 square miles
of land and water (Figure 1.1). The basin's surface area is roughly 80 per-
cent land and 20 percent water. At the heart of the basin lies Puget
Sound-an intricate network of bays, inlets, and waterways that extend
some 90 miles inland from the Strait of Juan de Fuca. The basin's rivers,
streams, and Bround and surface water flow into Puget Sound.

Puget Sound's striking terrain is largely the result of extensive glacial and
tectonic activity. Other geologic processes, including weathering, ero-
sion, and sedimentation, have further defined the region's landforms and
physical characteristics. The upland soil and dimate dictate much of the
character and ecology of Puget Sound. The region's soils are relatively
immature with shallow accumulations of organic material. Only along
the southern and western margins of the basin and in the lower reaches
of the river valleys are the soils more fertile. Plant cover is dominated by
dense coniferous forests interspersed with a variety of deciduous wood-
lands, wetlands. and grass and shrub prairies. The soil and plant cover
provide not only important and diverse habitat for wildlife, but also pro
tection against the region's precipitation and run-
off, naturally slowing, storing, and cleansing the
water as it drains to the Sound.

Puget Sound is an estuary-a semi-endosed
glacial fjord where water from the ocean is par-
tially mixed with fresh water that drains from the
surrounding land. Marine water flows from the
ocean to the Sound mainly through the Strait of
Juan de Fuca. Made up of a serieJof underwater
valleys and ridges, called basins and sills, Puget
Sound reaches a maximum depth of 930 feet just
north of Seattle. A shallow sill-about 195 feet
dee5at Admiralty Inlet separates the deeper
waters of the Strait of Iuan de Fuca from the
deeper waters of Puget Sound proper. Similarly,
sills in the area of the San Juan Islands separate
the Strait of Juan de Fuca from the Strait of
Georgia.

South of Admiralty Inlet, Puget Sound proper
consists of four interconnected basins (Burns,
1985) (Figure 1.2). The largest and deepest of
these, the Main Basin, consists of rwo sub-basins
and extends some 60 miles from Admiralty Inlet
to the Tacoma Narrows. The Main Basin contains
roughly 60 percent of the total volume of the four
Puget Sound basins. Around the Tacoma Nar-
rows/ a shallow sill separates the Main Basin from
the Southern Basin. Although it contains only a
small portion of the Sound's volume, the South-
ern Basin's numerous islands, shallow inlets, and
winding shoreline make it the most complex of
the four basins. To the north and east of the Main
Basin Out not separated by a sill) is the Whidbey
Basin. This basin lies to the east of Whidbey
Island and includes the waters of Possession
Sound, Port Susan, Saratoga Passage, and Skagit

Figure 1 I Puget Sound Bosin

I

t*.t-

L

Olympic
Mountoins\-)

(

(

(
)

Coscode

Mounloins



Figure 1.2 locolion Mop
Bay. The smallest of the four basins, in terms of area, is the Hood Canal
Basin on the western side of the Sound. This long, narrow channel

branches from the Main Basin south of Admir-
dty Inlet and extends about 80 miles south be.
tween the Olympic Mountains and the Kitsap
Peninsula.

Close to 2,250 miles of coastline (Hagen, 1958)
flank greater Puget Sound. The shoreline enni-
ronment is a complex mixture of beaches, bluffs,
deltas, mudflats, and wetlands. Forming a
bridge between land and ocean, they nurture
some of the most dynamic and productive habF
tats in the world.

The waters of Puget Sound move in a typical es-
tuarine pattern---€eaward at the surface and
landward at the lower depths. This circulation
pattern is influenced by a number of factors, in-
cluding the action of the tides, the configuration
of waterways, and the presence of fresh water.

Lighter fresh water from land enters the estuary
and tends to flow over the salty seawater. As
this happens, friction and furbulence cause
some of the seawater to mix with the fresh
water, creating a brackish (moderately salty)
layer at the surface. This surface layer, which
ranges from 30 to 190 feet deep in different pa.rts
of the Sound, flows seaward while denser ma-
rine water is drawn into the deeper layers of the
esfuary.

The two-layer circulation system is disturbed by
shallow sills which recirculate water from the
surface back into the depths of the basin. In par-
ticular, sills at the Tacoma Narrows and Admir-
alty Inlet have a tremendous influence on the

movement of water through the basin.

Puget Sound's large tidal range also affects the flow of water-the differ-
ence between fugh and low tide is close to 12 feet at Seattlg significantly
more than in other estuaries, such as Chesapeake Bay. This results in a
large amount of water moving in and out of the estuary with the tide.
When the tide rises, water is forced into the Southem Basin. On the
falling tide, water from the Southern Basin is forced northward as a
mixed, shallow water flow to become part of the seaward-moving surfac€
flow in the Main Basin. This circulation pattern acts as a pump to raise
deep water toward the surface at the south end of the Main Basin.
Mixing at the Admiralty Inlet sill draws seaward-moving surface water
down into the inwand-moving salty water from the Shait of Juan de Fuca
(Duxbury, 191, personal commurrication). Oceanographers estimate that
onequarter to one'half of the brackish surface water that flows toward
Admiralty Inlet is recirculated back into the Main Basin (Ebbesmeyer and
Barnes, 1980; Cokelet, et al., 1988).

In addition to the influence of sills and tidal action, water flow is compli-
cated by the islands, narrow passages, and changes in water depth that
characterize Puget Sound. In some of the shallow, semi-enclosed bays of
the Southern BasirL for example, water tends to move quite sluggishly. In
contrast, water is funneled at high speeds through some of the passages
connecting with the main system.

These estuarine circulation paftems also affect the millions of tons of sedi-
ment and other materials transported to or resusFnded in the Sound.
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However, unlike the waters that eventually move sea-
ward, most particles are permanently trapped in the basin.
Particles temporarilv suspended in the surface layer tend
to settle in the deeper layer faster than they can be carried
out to sea. Once in the lower layer they may move back
toward land and settle over a wide area, with the smallest
particles settling farthest from their source. In the Main
Basin, only a small fraction of the particles initially present
in the surface water are carried past Admiralty Inlet
(Baker, 1984).

ffi
The continual flow of fresh water into Puget Sound has a
tremendous influence on the character of the estuary. This
movement of water includes surface runoff, groundwater
discharge, and direct precipitation.

Seasonal and annual precipitation patterns vary dran'rati-
cally across the region due to the effects of the mountainous terrain on
marine air masses. Annual precipitation amounts range from 15 to 30
inches in the rainshadow areas between the northern Olympic Mountains
and the San Juan Islands, to more than 200 inches in the upper elevations
of the Olympics. About three-quarters of the precipitation falls during
the rainy season betrveen October and March. Surface runoff, in furn, is
also greatest at these times, particularly in December and fanuary.
Groundwater baseflow and meltwater from the snowpack and glaciers
augment surface flows during the spring and summer months.

The cycling of fresh water through the basin has created a drainage net-
work of more than 10,000 streams and rivers, each carrying sediments,
nutrients, and other materials to the Sound. Annually, about 39 million
acre-feet of fresh water flows from the rivers of the watershed. Of this
total, about 33 million acre-feet, or over 10 trillion gallons, flows into the
channels of Puget Sound proper (Williams, 1984).

Ten rivers account for nearly 85 percent of the basin's annual surface
water runoff: the Nooksack, Skagit, Snohomish, Stillaguamish, Cedar/
Lake Washington Canal, Duwamish/Green, Puyallup, Nisqually, Skoko-
mish, and Elwah rivers (Williams, 1984). Three of these rivers-the
Skagit, Snohomish, and Sfillaguamish----empty into the Whidbey Basin
between Skagit Bay and Possession Sound and account for nearly 60 per-
cent of the runoff into the four Puget Sound basins (Burns, 1985). With
portions of their watersheds located in Canada, the Nooksack and Skagit
rivers are influenced by land-use activities outside the Puget Sound plan-
ning area.

In discussinp; the region's freshwater resources, it is important to include
the Fraser River, which empties into the Strait of Georgia at Vancouver,
British Columbia. Although it is outside the formal Puget Sound plan-
ning area, the Fraser River is the dominant source of fresh water for the
regional estuarine system, providing up to 60 percent of the dilution for
the entire southern passage around Vancouver Island (Thomson, 1981).
The contribution of fresh water from the Fraser River is near'ly three times
larger than the volume of all rivers that flow into Puget Sound proper
(Burns, 1985; Kennett and McPhee, 1988).

Groundwater is another ma.jor source of fresh water affecting the character
of the Sound. Local studies reveal significant discharges of groundwater to
surface and marine waters. On a regional scale, estimates of gtoundwater
flow into Puget Sound are unavailabie, but the contribution is t"hought to be
sizeable. To better understand the character of the basin's freshwater re-
sources, the U.S. Geological Survey recently inihated a regional assessment
of the basin's groundwater system (Vaccaro, 7991, personal communica-
tion). Results of the study, conducted as part of the nation's Regional
Aquifer System Analvsis Program, will be available in a few years.
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Puoet Sound: A Wov of
fififor Nodhwest r?ibes

THE VATUES OF PUGET SOI'ND

In practical terms, it'c sonrotir.nes define the Sound s r. alue according to
the economic benefits oi its rva ter-dependent acti'r,ities, such as shipping,
boating, fishing, and shelliishing. But the value of Puget Sound also in-
cludes religious and cultr-rral values that are fundamcntal in the lives of

rnanv people in the region, particularlv the tribal cornmll-
nities. It irrcltrcles aesthetic values that arc oftcn l-righlv
personal and abstract, such as the beautv of a landscape.
And it includes enr,,ironmental values that are \.ital to thc
long-term health of thc rcgion-flood contrr:l, water
qualitv protection, anr.l nLltrient cvcling.

Follorvirrg is an overvier,r,, of some of thc Sound's more
pronrinerrt environmental antl economic values.

Hcbitots ond Environmentol Volues

The sorinos ond rivers thot flow to the Sound ore
the vJins"ond orteries of the londs we revere.
The woter is the blood. The Sound is the heoil
of my oeoole, ond oll the creotures thol exist
therd dre rirv'brethren. The fish con be horvest-

ed to feed 6ur children, but only if we oppreci-
ole them os oihs of Noiure ond'do not o'duse the
orivileoe. Fir o thousond oenerotions. lndion
beoole"houe been oble to Jeoend on lhese oilts
lor iuslenonce, civilizotion, ond culture.

Now. in the blink of on eve. the rivers of lhe
Sound ore poisoned.

Few people lodoy reolize hot the world wos
once'o oorodise.' Mv orondfothers could eosilv
oother ill forms o{ f*J ond noturol medicines'
ifiey needed to survive. Fish filled he rivers ond
beoches were rich with shellfish. There wos
hord work, bul here wos olso omple time for
every person to leorn from the elders of lheir
tribe, to personolly experience rhe wonders o[
noture.

But we must live in this modern world qnd do
whot we con lo keep it liveoble. We must hove
suslenonce. We musl olso respect our oncestry.
We hove leorned from lodoy's civilizotion, bul
there is olso much fiot oll oeoole con leorn f rom
the wisdom of the ooes. lndlo'n ond non-lndion
olike musl liscn to th-e lessons possed olonq
throuoh the oenerolions. lessons thot keot tfiis
lond End itsiesources heolthy ond pure'from
time immemoriol-

The no-nlndion opprooch to Noture hos been dif-
ierenl trom ours in monv wovs, He seoorotes
nimself from his environment throuqh the remorol
of forests ond the oourino of concrlte. But the

connection is still there, o-nd he must open his

eves lo it. Toke onlv whot vou need. Use oll
thol vou loke. Let ille riche! thol vou eniov be
thos6 thot noture intends. Teoch your chilSren
fie beoutv o[ lhe swimmino fish ond the wonder-
ino beor 6efore vou buv th"em the fishino rod or
thE huntino rifle.' PursuJ inner hoooinesl before
he superfi"ciol. Core for Noture,'fbr withoul her
your children will not survive.

We must oll work tooether in order lo sustoin our
life here

Billfrcnkh., Choirmon,
Norilrwest lndron Frsheries Comrnrssion

'f he l)uset Souncl ecosystem is a diverse collectior.r of ma-
rine, freshrvater, and terrcstri.rl habitats. The local ma-
rinc environment alonc supports over 221) sprecies of fish,
26 species of marine mammals, 100 species of seabirds,
shcrre birds and r,vatcrfowl, and manv more invertebrate
and plant species (Washington State Department of
Wilcllife, .1991; 

Puget Sound Water Quality Authoritv
(Authoritr,), 199.1 ). Althrrtrgh sometimes vierved as sepa'
ratt' r.vork1s, the habitats of the Sound and the surround
ing lvatershetls are closely linked b,v thc movcmcnt of
life, water, anrl energv through the region.

The vast foocl rveb rvithin these habitats links the sun,ival
oi the sm.rlle-.t plants and animals to that of the largest.
Losir-ig anl'or.rt of the life iorms in the w,eb could also af-
fect r,,r:r or.vn well-being.

The trpen watcr habitats of Puget Sor-urc'l are affected by
nutnents, sunlight, currents, fresh lvatr.r, sediments, .-rnd

rt,r'athcr. l)r:c in part to these numeroLrs and ever chang-
rng factors, open rvater habitats sustain a variety of or-
ganisrns. '[ lLese inclutle small, free-floating plants and
animals ca llecl Lrht.toplankton and zooplankton, as well
as free-sn,imning fish, manrmals, and seabirds.

Open u,ater habitats are an importani part of the ecosys-
tem's highlv prodr-rctive foocl web. The Main Basin is not
onlr, one t'rl the most procluctive areas of the Sound, it has
one of the highest phvtoplankton procluction rates of all
deepr r.,,,ater esttLaries in the world (Strickland, l9E3).
Phytoplankton are an important building block of the re-
gion's foorl u,eb. Much of the phytoplankton growth
takes place in the upper 60 fcct of the w,ater column be-
tween spring and fall rvl.ren sunligl.rt is plsn1ii.,1. Stability
of thc r,r,atcr column and availabilitv of nutrients to the
rrpper l;r't'r .rr\' ,rlso nccoss.rrv for this gr,rrr th. OIt(e Pri-
man, production begins, thc entire iood web prospers.
Zooplanktcxr, l^,'hich include larvae from shrimp, clams,
snails, cralr, barnacles, spon8es, starfish, worms, sea cu-
cumbers, sa nd dollars, smelt, cod, and sole, increase in
numbers as thev ieed on the phvtoplankton. Zoo-plank-
ton movc into the rich surface Iayer in search of food,
warmcr watcr, and strorrger currents (Stricklancl, 1983).
The zoolrlankton, in turn, become a rich supply of food
for the largcr fish, birds, and mammals of the Souncl as
rvater circulates food or,'er the entire dcpth of the Main
tsasrn.
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Benthic Hobitots
The Sound's boftom, or benthic, habitats are another vital
link in the productive ecosystem. The composition of
these communities varies considerably depending on the
texture and character of bottom material. water depth,
and exposure to the rising and falling tides. The distribu-
tion of sediments is determined largely by the size and
source of the sediments, topography of the underwater
basins, and currents and tidal action of the estuary. Sand,
cobbles, and rocks are commonly found in areas with
swiftly moving water. Finer sediments such as silt and
clay tend to settle in areas of the Sound with weaker cur-
rents.

Soft-bottom habitats of silt and clay are generally very
productive habitats-home to a variety of organisms that
live on the surface and burrow into the sediments. The
fallout of decayed organic material (detritus) from the
overlying vvaters is an important source of food for these
communities. Clams, worms, shrimp, sea cucumbers, sea
urchins, hydrocorals, and brachiopods are common to
soft-bottom areas, as are popular sport fish such as floun-
der and sole.

Hard-bottom habitats of gravel, cobbles, and rocks are
found in areas with tteater wave exposure and water
movement, such as the western shore of Whidbey Island
and the sills at Admiralty Inlet and the Tacoma Narrows.
Rocky bottom surfaces, or substrates, provide a firm base
to which many animals and plants, in shallow water, can
attach. Some organisms find food and shelter within the
Iess stable sand and gravel bottoms. Organisms corlmon
to the coarse.sediment areas include worrrs, shrimp, chi-
tory scallops, starfish, rockfish, Iingcod, sea urchins, cope-.
pods, octopuses, cockles, clams, and geoducks.

Neorshore Hobitots
Nearshore habitats cover the tidal and shallow subtidal
areas of the shoreline. The availability of sunlight and the
presence of vegetation help distinguish these 

*areas 
from

the deeper benthic habitats. Although virtually all areas
of the shoreline support some form of plant life, the
nearshore habitats are sometimes dassified according to
the prevalence of vegetation. Throughout the basin, un-
vegetated habitats such as beaches cover about seven times more area
than vegetated nearshore habitats such as salt marshes and eelgrass beds
(Boule', et al., 1983).

The Sound's intertidal gravel, sand, and mudflats support many of the re.
gion's prized shelllish and wildlile populations. Amphipods, worns,
shrimp, snails, and clams are cornmon to these areas, providing valuable
food for diving ducks, juvenile salmon, raccoons, and numerous other
mammals, birds, and fish. These habitats also provide valuable spawning
grounds for many species of marine fish. Oysters are found in both the
wanner, hard-bottom areas and attached to hard surfaces atop softer sed-
iments, especially other oyster shells. Seaweeds such as green sea lettuce,
brown rockweed, red algae, and brown kelp are also found in hard-boF
tom areas. The plants attach to the bottom by a holdfast that secures
them against wave action and currents; they provide valuable habitat for
many species of fish, induding salmon and herring.

Eelgrass beds flourish in fine.sedimmt segments of the lower tidal region.
These flowering, perennial plants establish dense beds of roots, rhizomes,
and leaves that stabilize bottom sediments and athact large numbers and
varieties of plants and animals. While some animals feed directly on the
plants, many others feed on either the detritus that accumul,ates around
the beds or the microalgae, seawds, organic coatings, bacteria, and mi-

E
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crofauna that colonize on the leaves. Herring and snails add to the plant
coverings by depositing eggs on the blades. Eelgrass beds and other wet-
land habitats, including the Nisqually and Skagit flats, Padilla Bay. and
Dungeness Spit, are important feeding grounds for bird populations
along the Pacific flyway (Evans-Hamilton, 1987).

Salt marshes are found in the upper intertidal region of the shore such as
the delta areas of the Skagit, Snohomish, and Nisqually rivers. These
highly productive habitats are governed largely by salinity, substrate tex-
ture, and the frequency and duration of inundation (Authority, 1990).
Marsh vegetation includes salt-tolerant grasses, sedges, and other non-
woody plants. The marshes provide food and shelter for crab, shrimp, ju-
venile satnon, birds, and many upland animals (Thom, 1987). They also
provide critical spawning habitat for many species of fish and shellfish.

Freshwoler ond Riporion Hobitots
Lakes, rivers, and freshwater wetlands are collectively referred to as
freshwater habitats. Freshwater wetlands, like their esfuarine counter-
parts, are transitional environments between water and land. They in-
clude lacustrine wetlands (shallow, vegetated areas associated with
lakes), riverine wetlands (in river channels), and palustrine wetlands
(other areas that are continuously or periodically wet such as bogs,
swamps, and wet meadows). Wetlands serve a varietlr of functions, rang-
ing from fish and wildlife habitat to flood and erosion control.

Freshwater habitats are strongly dependent on the health of adjacent ri-
parian habitats. Located along the banks of rivers, lakes, and wetlands,
riparian habitats are highly productive habitats that provide animals with
food, water, and cover, as L\rell as travel and escape corridors. For these
reasons, the abundance of wildlife found in riparian zones and wetlands
is greater than in any other terreskial habitat. In western Washington
well over 80 percent of all wildlife species rely on wetland and riparian
habitats (Oakley, et al., 1985; Authority, 190). In addition, riparian habi-

tats can help control erosion and pollution, stabi-
lize streambanks, and moderate stream

temperatures.

Economic Volues
Puget Sound plays an integal role in the
region's successful and growing economy.

Among the economic activities that are de-
pendent on Puget Sound are shipping and

transportation, fishing and shellfishing, recreation-
al boating, and tourism.

Shipping ond Tronsportotion
Access to navigable water has allowed for the convenient

and affordable movement of people and goods across the
Sound and around the world. Marine shipping is a major in-

dustry in the region. The crowd of ferries, cargo ships, and other
types of vessels on the waterways of the Sound provides clear evi-

dence of this.

In 1988, the total weitht of waterborne commerce in the Puget Sound
region exceeded 90 billion short tons (U.S. Army Corps of Engineers,
1990). The region's foreign waterborne trade increased from about 31
million short tons in 1980 to almost 35 million short tons in 1990.
More significantly, the total value of traded goods increased by almost
$40 billion dollars during the same period, climbing to nearly $57 bil-
lion in 1990 (Port of Seattle, 1991) (Figure 1.3).

Seattle and Tacoma are clearly the region's leading ports. tn fact, the
two ports combined are second only to Los Angeles/Long Beach in
container traffic for all U.S. ports (Hannus, 1991, personal communica-
tion). They are also the most diversified of the region's ports. Key
commodities passing through the region's ports range from wood
products and grains to cars and petroleum. Certain commodities tend
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to dominate other areas of the Sound-petroleum at the refineries in
Anacortes Harbor, logs and related wood products in Olympia, Port
Angeles, and Everett.

Puget Sound ports estimated in 1989 that the shipping industry Provided
nearly 2,000 jobs at the marine terminals and another 71,000 related jobs
in Puget Sound (Washington Public Ports Association, 1989). In a sepa-
rate study, the Port of Tacoma estimated that in 1988 its activities alone
supported nearly 70,000 jobs statewide. (Port of Tacoma, 1990).

The waterways are also vital transportation links among the coastal com-
munities of the Sound. In 1990 more than 21 million people kaveled the
Sound on the state's ferry system, compared to roughly 17 million pas-
sengers in 1984 (Washington State Department of Transportation, 1991).
The number of vehicles carried by ferries in 1990 exceeded 9.1 million, an
increase of approximately 22 percent since 1984,

Fisheries ond Aquoculture
The fish and shellfish of Puget Sound are important symbols of the re'
gion's heritage. Salmon, clanrs, oysters, and other sea life are also valu-
able economic resources in the state's fishing and aquaculture industries.
In 1990 the total commercial value (ex-vessel or farm-gate value) of the
Sound's fisheries was $73.5 million (Figure 1.5) (Washington State
Department of Fisheries (Fisheries), 191a). The five-year average from
1986 to 1990 was slightly higher at $7.5 million. The retail value of these
catches was substantially higher-perhaps three times-than the report-
ed commercial values. Salmon and shellfish continue to anchor the re-
gion's fishing and aquaculture industries, followed by a variety of other
species including herring, cod, trout,
perch, sole, and flounder, as well as algae,
sea urchin roe, and sea cucumbers.

Recreational fishing has an added im-
pact on the Sound's economy, the suc-
cess of which rests largely on the health

l.te .tffi.rcATcH Vir0aFISHERY WElGllI Nsddrdrl ISolmon 33,767,0361bs. $43,740,822

of the fish and shellfish. In 1988 the Olrer
Puget Sound region accounted for well Anodromous 2,414,473 lbs. $ 5,911,936

over 50 percent of the state's recreational
salmon catch, including over 306,000
salmon from marine waters and another
90,000 salmon from the rivers of the wa-
tershed (Fisheries, 1991b). In the same
year, Hood Canal yielded a recreational
shrimp catch of over 142,000 pounds and
the 1986 recreational oyster harvest was
58,000 pounds. Recreational clam dig-
gers collected about 3.3 million pounds
of hardshell clams from around the
Sound in 1988 (Fisheries , 1991D.

Tourism

Shellfish 20,232,010|bs, $21,910,1e1 t

IOIlJl 61,982,589|bs. $73,t99,652

Boirlish 1,609,268 lbs. $ 703,799

Groundfish 3,959,802|bs. $ I,229,604

The variety of the region's natural environments makes Puget Sound an
athactive travel destination. Whether it's kayaking in the San Juans or
strolling along the Seattle waterfront, the basin teems with vacation and
day-trip opportunities. During the 1980s, statewide revenues from
toudsm doubled and related employment increased by about 50 percent.
Estimates for 1989 indicate that tourism and travel in Washington gener-
ated between M.2 and $5 billion in revenue, and supported between
80,000 and 90,000 jobs in the state. The Puget Sound region accounted for
nearly 80 percent of these statewide revenues and 75 percent of the jobs
(Washington State Department of Trade and Economic Development,
1990a and 1990b).

Rerreotionol Booting
Thousands of residents and tourists enjoy the waters and shores of the
Sound in a variety of boating activities. In 1990 Washington residents
owned nearly 655,000 boats, kayaks, canoes, rowboats, sailboards, and

tiaure L5 1990 Commerciol Cokh- 
Volue o[ Puoet Sound
Fisheries "
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other watercraft, the vast majority of which were located in the Puget
Sound region (Stokes, 1991). Almost 80 percent of the state's 350 marinas
and over 85 percent of the state's 39100 moorage slips are located along
the shores of Puget Sound (Goodwin, 1991). In 1989 the recreational boat-
ing industry had an estimated impact of $2.14 billion on the state-s econo-
my, including nearly $1.5 billion in direct output and over $560 million in
wages, rents, profits, and taxes. This industry employed an estimated
21,000 people statewide in manufacturing, retail and wholesale trade, and
boating services (Stokes, 1991). At least 80 percent of this activity can be
attributed to the Puget Sound region (Authority, 1988; Schlomann, 1991).

ffi
This chapter's descriptions of the resources and values of Puget Sound
border on the ideal----clean watert lush habitats, productive food webs,
and extensive use of the valuable resources. But the information serves
only as a backdrop for the sobering challenges that today face the region.
How does the region's growing population affect the quality of Puget
Sound? Does the way in which we use the land and resources hurt the
environment? The ensuing chapters address these and other questions,
looking first at the reasons behind the threats to Puget Sound, then as-
sessing the health of Puget Sound and its resources, and finally outlining
some of the ongoing efforts to manage and protect these resources.
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r! he Puget Sound region is witnessing tremendous change, Rural set-

I tiogr are being overwhelmed by housing and commercial develop
I ments. Forests and meadows are being replaced by roads, homes,

office buildings, and shopping malls. These changes are taking a toll on
the health of the region's most vital resource-Puget Sound.

It is ironic that the very resources that fostered the region's prosperity are
now suffering the consequences of its success. Groundfish and salmon
fisheries, shellfish beds, and wetland resources have been damaged by as-
pects of this growth such as sewage, induskial wastewater, stormwater
runoff, marinas, and logging. The situation in the Puget Sound basin has
been compared to the problems in Los Angeles during the era when smog
developed. Puget Sound is entering its own era of underwater smog.

To understand the challenges facing the Sound, we need to understand
how our land uses and personal actions affect the health of the estuary-
how isolated and seemingly insignificant activities impact the resources
of Puget Sound. This chapter first touches on the pressing issues of
growth and land use in the Puget Sound basin, and then examines the
ways that people affect the habitats and resources of the Sound.

Over the past few years, the Puget Sound region has experienced exhaor-
dinary growth in its population, economy, and related development.
These changes have awakened the Puget Sound community to both the
perils of growth and the challenges of growth management. The region
has experienced rapid growth at other times in its history, but for a num-
ber of reasons, today's changes are affecting the character of the region in
new and threatening ways. One reason is that while the growth percent-
ages may not be unprecedented, the absolute increases in popuLation and
land-use activities are. Artother is that the growth is occurring in all areas
of the basin, not just the central Puget Sound region. And a third reason
is our perception of the changes. As we continue to witness the side.ef-
fects of growth, we face difficult questions about our ability and willing-
ness to protect the region's quality of life and natural resources.

ln the opinion of many, the region's growing and sprawling populafion
poses the single greatest threat to the health of Puget Sound. The basin's
current population is about 3.4 million people, threequarters of which
live in King, Pierce, and Snohomish counties. Between 1980 and 190, the
basin's population grew by almost 520,000 people, an increase of 23 per-
cent. A number of areas experienced substantially higher growth rates,
particularly Snohomish (38 percent), Island (37 percent), Thurston (30
percent), Kitsap (29 percent), San fuan (28 percent), and ]efferson (28 per-
cent) counties (Figure 2.1). Population forecasts for the next 20 years
foretell continuing changes for the Puget Sound region. The basin's pop
ulation is expected to increase by another 1.1 million people by the year
2010. Roughly two-thirds of this growth is expected to occur along the
urban corridor of Pierce, King, and Snohomish counties. In Ki.g County
alone, the population is growing by over 23,000 people each year. A pop
ulation the size of Bremerton is added to the 12-county region every eight
months.

In discussing the effects of growth, population increases are only part of
the pichre. For example, between 1970 and 1990, the population of cen-
tral Puget Sound (Pierce, King, Snohomish, and Kitsap counties) in-
creased by 38 percent. Drr.ing the same period, Iand consumed by new
developments rose 87 percent Guget Sound Council of Governmerrts, 190).
These relationships are supported by earlier figures in the 1986 State of
the Sound report which estimated that a 20 percent surge in population
between 1987 and 2000 would be accompanie d by a 62 percent increase in
urban and suburban Iand uses, and a 73 percent increase in rural residen-
tial land uses. As stated by one observer, "the stress on the region's envi-
ronment stems from the way we have grown, not simply from growth
itself" (King, 1991).
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lVhere rlevelopmerlt ()ccurs is anotlrer critical point. More and rnore, land
uses are encroaching upon thc nrost sensitive ol the basin's remaining
habitats. Grorvth pressures are .rlso sending development furthcr up-
stream irr most are,rs trf the basin. And .,vatcrfront lromes are fretlr.rently
built trn rnarginal soils that carrnot filter out pollutants verv rvell, ar.iding
to u,ater qualitv problems. This pattern of dcvclopnrent negativelv af-
fects entire rvatershecl-.,

Taking into account the inherent impr3g15 of intensifving Iand uscs, the fu-
ture tloes not bode *'ell tor the resourccs of Puget Sound. Considering
the manv sources ot pollution that alrt-adv affect the basin ancl the habitat
losses that continue i() occur each elar,, rt'hat rvill be the cr:nditir-rn oI Plrget
Sound lvhen another ()ne, tr^. o, or three million peoplc livc in thc basin?

TTIE.GOSI OT GROUIH

Ecosystems such as thosc ir-r Puget Sour.rd are clvnamic-continuously
ancl natr,rrally changing in form and character. But these ecosvstenls can-
not .,vithstancl the tvpes of changes that are occurrinq as a result oI un-
managed growth and cievelopmcnt.

The complexity ol ()rrr rvater qualitv problems retlects the cliversity of our
land uscs and liiestr.les, our r.nisuse ol natural resources, and the shcer
numbt-r of peoplo n()\.\. 1ivir1g il tht- b.rsin. Actions taken by inc{ivicluals
orr their private prtrperty often affcct public rcsourccs or the plivate prop-
ertv of others. lilling .r w,etland may clestroy habitat nccessary for the re-
production of salnron or cause a r-reighlror's propertv to flood. l'aving a
parking lot may ht,lp cause stormrvatL.r to scolrr the life out of a creek or
to flootl a homeorvn,:r dorvnhill. Simple actions, evcn on our own private

People onc
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PUGET SOUND POPUTATIONS, I98O - 2OIO
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r990
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Pierte 485tr43 586,203 2lo/o 673,800 762,590

King 1,259,749 1,507,319 l9/. 1,739,516 1,957,5%

PUGEI SOUND
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lVhether it s lalr.n care in Ptryallup, land cle.iring in S('.lLrim, manufactur-
ing in Bellingham, or driving along Interstate 5, r'irtu.rllv.rll our.rctn'itres
can posc a significant thrcat to Puget Sound. Some .lctions cause irnrnerli-
ate problems, others affect w,ater clualitv only whcrr crimbined rvith other
activities over arl extcnclerl preriocl of time.

Contomin*rior,,1 Woter ond Sediment:

Contaminants are substances that are not naturalll' pre-
scnt in the environnrent or that are present in suth urrusu-
ally high concentr.r tiLrns that they damage resources and
habitats. As a societr.. lve produce, use, and dispost- of a
tremendous varietv ol.n.rttriaI .-rrrd svnthetic matcrials that
can potentiallv affect rvater cprality. They include org.rnic
materials (ranging trom natural organic matter to nr(rnu-
factr-rred chemic.-rls). inorganic chemicals (such as metals
and nutrients), biological contaminants (bacteri.r ,r r-rd

viruses), and sediments. The effect contaminants h.rve orr
the environment depgnd5 on a number of complicatetl, in-
teractive factors. These include the phvsical ancl cliernical
properties of cach cr,ntaminant, holv and rvhere it is trans-
portecl, and rvhether the contaminant changes iorm n,hcn
exposed to natural .l(.ments and other pollutants (Connell
anc.l Miller, 19114).

Corrtaminants nrakc tl'reir way to the Sound along a num-
ber of pathlvays, ranging from erosion to atmospheric cle-
position. But clearh' the most significant carrier is rvater.
As r,vater cvcles thrr)ugh the ecosystem, it flushes a n'ide
mix of contaminants from the basin-fertilizers and pesti-
cides from larvns arr.l farms, oils and fluids from rlratls
ancl parking lots, soils and nutrients from fielcls ancl [.rrilc]-
inB sites, incltrstrial discharges, and human r^,'astr' ,rnd
household chemical: irom servers and septic systrrnls.

Contaminants gent'rally enter the Sound either dissoh,ed
in water or attacht-tl to scdiments or particles carrred by
water. The more s()lublc a contaminant is, the longer it
will remain in the u'ater column and the better chance it
has to eventually lear.e the Sountl. Contaminants th.rt eas
ily bond to particles, on the other hand, tend to settle out
of the rvater columrl relatively quickly. Where thev scttle
depends on their si,:e and density, as well as the strcngth
and c-lirection of the '-urrents.

Why ore Shellfish Beds

Cmlinuing to Close?

Since 1980, polluilon hos resulted in the down-
orode of l6 iommerciol shelllish beds oround
Fuoet Sound to reskicl horvestino. ln severol
coies, the beds were totolly clo#d to commer-
ciol horvestino. Recreotionbl beoches ore olso
bing threoteied with pollution, especiolly in
urboi oreos of the Sou'nd. Two mdior stdte
oorks on Hood Conol-Dosewollios ond Bel-
[oir-*.r. closed to shellfish horvLstino bv the
stote Porks ond Recreolion Commission"drie to
fecol conlominolion.

&er the post decode, fte rob of ciosures ond
downorodes hos occeleroted. Eorlv on. most

closurEs were coused by point sourle pollution,
such os molfunclioning oi inodequole municipol
or induskiol keotment olonls. But in recent
veors. mosl closures hdve been coused bv non-

6oi nt'oollufi on sources. includ i no fo i lino 6n-site

ieptic'systems, runoff from oqric"u lturol Yonds,
sewoge dischorges from wotircroft. ond
stormwoler.

Nonooint source Dollution is diff icult to idenlifu
. ond even more difficuh to correcl becouse it 'i 

originoles from such dispersed ond voried
: soulces. Ihe sources con vory dromoticolly

from one wotershed to the neit. Closures in the

Because manv conlanrinants attach readil',. hr partrclcs,
contamination in bothrm sediments is far more conccntrat-
ed than it is in the rvater column. Once consiclerecl sinks
or burial places for contaminants, bottom secliments are
nolr, considered inrirrirt.rnt sourccs of recontamination in
thc rvatcr column ancl food web as chemicals are rtleased
from the sediments long after settling to the bottom.
H.ighly contaminateri areas, or hot spots, are fourrll rrrostly
in the Sound's urban bays. This is the result of past inclus-
trial activity, concen trated populations and land uses, corl-
tributions of polltrtit-rn and sediments from tributarv
ri'u'ers, ancl poor cirL:ulation patterns that trap particles iu-
sicle the bavs.

C)nce settled, a cont,rminant's effect on the environmcnt
depends on a number of f actors-continual change: irr
chemical inputs; chernical interactions betrveen cru t.rmi
nants, seawater, and trther substances; and internal ch;rnges
that occur as plants.rncl animals accumulate or translr)rnl

soulhern holf of the Dosewollips flots, for exom-
ple, hove been oilributed to oler 400 horbor
ieols thol defecote directlv on the shellfish beds.
At North Boy, o number of old septic systems
dischoroino direcdv ond indirectlv lo the beds
hore co"usid thot o'reo to be dowhoroded. ln
most olher locotions here ore o nrirber of
sources thol confibub to the problem. At
Burley Logoon, for inslonce, runoff from non-
commerciol forms ond foilino seotic svsfems
hove been identified os the ieosons fJr the clo
sure.

Nonpoint source pollution hos been oround o
lonq'lime. Bul. in monv resoects. the oroblems
we"see bdoy ore o pr6duciof giowth: pollution
sources ore inlensifuino wilh increoses in ooou-
lotion densities. lf imoiooerlv ,onoo"d orout th
continues olono shordlin6s oid in sh"etlfisfi

wotersheds, wE con expecl odd;tionol down-
grodes or closures.

-Gory Plews,
Woshington Deporlmenl 6f Heolk
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the substances.

Because of their potential toxicity, synthetic organics and heavy metals
are chemicals of particular concern in the Sound's bottom sediments.
Synthetic organics, such as polychlorinated biphenyls (PCBo) and
organochlorine pesticides (DDT for example), are compounds created by
humans. These substances are readily absorbed by organisms, accumu-
late in their tissues, and cause mutations, cancer, skin disease, reproduc-
tive abnormalities, or death. Natural organics can also be harmful to
marine life when present in unwually Ngh concentrations. PeEoleum hy-
drocarbons, for example, are naturally occurring organic moleo:les that
become harmful when inhoduced to the ecosystem in large quantities.
Heavy metals such as [ead, copper, and mercury also exist naturally, but
some metals alter their form in the presence of other chemicals and can
accumulate in the tissues of plants and animals. Mercury, for example, is
only moderately harmful until it forms methyl mercury which accumu-
lates in the liver and muscle tissue of animals where it may cause disabili-
ties and death.

Degrodotion of Hobitqts
We also affect the environment through our direct use and development
of the basin's resources and habitats. In water quality terms, these
changes often have a doubleedged effect on the environment. When we
alter or destroy valuable habitats, we lose natural functions that are criti-
cal to the health of the ecosystem---open areas for groundwater recharge,
buffers or undisturbed areas that trap and assimilate contaminants, vege-
tation that protects stream temperatures, and cover and food supplies for
fish and wildlife populations. In their place come roads, parking lots, and
septic systems that add to the basinwide Ioading of contaminants. In
short, every acre we convert from its natural state to developed land adds
to the cumulative impact of the human population while lessening the en-
vironment's natural ability to assimilate these impacts without sustaining
harm.

For example, as we alter the basin's we0ands system, we reduce the envi-
ronment's natural ability to reduce surface water flows and to absorb and
break down contaminants, thus increasing our vulnerability to flooding
and pollution. Despite these social and economic cons€quences, wetland
Iosses continue. Roughly 50
wetlands have already been

t of ttre state's freshwater and marine
development. The state continues to

Percen
lost to

Iose between 900 and 2,000 actes of wetlands each year (Canning, 1989).
Early in the century wetlands were routinely drained and filled for agri-
cultual and industrial purposes. tn the Puget Sound region, around 70
percent of the tidally influenced emergent wetlands have been lost to dik-
ing, dredging, and filling (Washington State Department of Ecology,
1989). In recent years, the pace has slowed somewhat due to an increased
awareness of the value and function of wetlands, the dwindling supply of
accessible wetl,and property, and stronger regulations governing the use
and development of wetlands.

Although the sources of pollution that threaten Puget Sound are numer-
ous and disperse, many have one thing in common-people. The way we
work, [ive, and play directly influences the amount and types of pollu-
tants that make their way into the Sound. Whether it's doing laundry,
corrstructing a new building, changing the oil in a ci!.r, or applying ma-
nure to a field, even our most routine activities have the potential to de-
grade water quality.

The following discussion outlines the major pollution sources that affect
the health of Puget Sound.

Peoole ond
PughSo{rdE
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Municipol ond lndustriol Focilities

Municipal sewage treatment facilities are
signilicant sources of contamination to
Puget Sound. Contaminants released
from these facilities vary dramatically de-
pending on the population of the corrunu-
nity, the rypes of homes and businesses
served by the system, and the level of
treatment. Illustrating the influence of
land use, the Municipality of Metropoli-
tan Seattle (Metro) estimated in the mid-
1980s that residential sewage flows to the
West Point plant contributed about 50
percent to the total flow, almost 40 per-
cent of the conventional contaminants
and 55 percent of the extractable organ-
ics. In contrast, commercial sources con-
tributed less than 20 percent of the total
flow, but over 40 percent of the metals
and volatile organics (Galvin, et al., 1984).

There are three tvpes of sewage treat-
ment. Primary treatment is the simplest
form of treatment and leaves the most
contaminants in the water. It is a physi-
cal process of settling and skirnrning that
removes about half the metals and con-
ventional pollutants (bacteria, nutrients,
biochemical oxygen demand, or BOD,
and total suspended solids) from waste-
water (Galvin, et al., 1984). Secondary
treatment generally involves biological
processes/ removing 85 to 95 percent of
the conventional pollutants, three-quar-
ters of the metals, and a variable percent-
age of other toxic pollutants from
wastewater. More stringent levels of
treatment, such as tertiary treatment, can
involve a variety of processes aimed at
further reducing the concentration of par-
ticular contaminants. The LOTT (Lacey,
Olympia, Tumwater, Thurston County)
regional treatment facility which currently contributes to a nutrient en-
richment problem in Budd Inlet, is being redesigned to remove 95 percent
of the total organic nitrogen from the plant effluent.

There are 26 major municipal treatment plants in the Puget Sound basin,
all of which are required to provide at least secondary levels of treatment
(Figure 2.2). Eighteen of these facilities are already providing secondary
treatment while the remaining eight plants are in various stages of up-
grading from primary to secondary treatment. Only the LOTT facility in
Olympia is currently required to upgrade to tertiary treatment. While the
Ievels of treatment are improving, the basinwide flow of wastewater
through these faciiities is also on the rise due to population increases, off-
setting some of the positive effects of the improvements.

A primary by-product of the treatment process is sewage sludge. As
plants upgrade to secondary treatment, sludge production approximately
doubles. Treatment provides a tangible benefit to the receiving waters of
Puget Sound, but presents a problem regarding reuse or disposal of
sludge. Depending on its chemical and physical properties, sludge can be
a valuable resource (which can be spread on forest or agricultural lands)
or a hazardous product. It is often rich in nutrients and high in contami-
nants such as metals and pathogens. Efforts to minimize contaminants in
wastewater thus increase opportunities to recycle and effectively use the
sludge.
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Industrial facilities are another significart source of pollution. Across the
basin, industries account for roughly one-third of the freshwater use and
are major contributors of certain contaminants to the Sound (Authority,
1988). Industries either discharge wastewater to municipal treatment fa-
cilities or provide on-site treatment with direct discharge. Over the years,
the basin's major industries have significantly improved their wastewater
heatment methods and resulting discharges.

Industries that rely on municipal sewage facilities often use pretreatment
processes to first remove toxic contaminants and conventional pollutants
from their waste stream. These processes reduce contaminants that may
interfere with or pass through the municipal treatment process, thus im-
proving the quality of the effluent and related by-products. Metro credits
pretreatment processes with helping to dramatically improve the quality
of its sludge over the past decade. Between 1981 and 1990, the level of
metals in Metro's sludge declined by 76 percent for cadmium, 70 percent
for chromium,5T percent for copper,60 percent for lead,52 percent for
nickel, 50 percent for mercury, and 26 percent for zinc. While a variety of
factors and programs contributed to each of these reductions, the declines
in cadmium and chromium, in particular, are largely attributed to indus-
trial pretreatment (Municipality of Metropolitan Seattle, 191).

Combined Sewer Overflows
Many of the basin's municipal wastewater systems handle both sanitary
sewage and stormwater runoff. When it rains, a number of these systems
are unable to handle the combined flow of sewage and stormwater, re
sulting in overflows or discharges of untreated wastewater. Once consid-
ered relatively harmless, combined sewer overflows are now viewed as
significant sources of pollution. Combined sewer overflows often dis-

charge directly to sensitive streambank and shoreline
areas of the basin.

At present, there are still a number of uncorrected
combined sewer overflow discharge sites in the basin,
some overflowing infrequently, others on a regular
basis. As outlined in Figure 2.3 overflow sites are lo-
cated tfuoughout the Puget Sound region. Local gov-
ernments are at different stages in developing and
implementing plans to reduce or eliminate the flows.

Although sewage and stormwater flows are separated
to reduce or eliminate the untreated discharges, as
long as urbanization continues to generate large vol-
umes of sewage and runoff, proper management of
the entire wastewater flow will remain a challenging
problem.

Stormwoter Runoff

Stormwater is another significant source of contami-
nation in many areas of the basin. While surface
runoff occurs throughout the region, stormwater gen-
erally refers to runoff from the urban and suburban
areas of the basin-induskial, commercial and resi-
dential lands, highways, and related construction ac-
rivities. In these areas, ground covered by pavement
and concrete prevents stormwater from running its
natural course and filtering into the ground. Water
flowing over rooftops, parking lots, and other imper-
vious surfaces, as well as constnrction sites and other
exposed areas, collects and carries an assortment of
contaminants toward the Sound-sediments, nutri-

ents such as fertilizers, bacteria and viruses, and toxic materials such as
arsenic, cadmium, chromium, copper, lead, mercury, organic pesticides,
and petroleum products (Galvin, 1987). Stormwater pollutant concentra-
tions and runoff volumes are often comparable to effluent flows from
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sewage treatment facilities and other di-
rect pollution discharges. Some stormwa-
ter flows are treated; many are not. Not
surprisingly, the effeCts of stormwater can
be particularly significant near storm
drain outfalls. In addition, heightened
runoff volumes from developed land
often exacerbate streambed scouring and
flooding, and affect habitat and fisheries.

Stormwater is controlled or treated pri-
marily through the use of best manage-
ment practices. This includes treatment
practices (e.g., detention/retention basins)
as well as source control practices which
are more preventive in nafure (e.g., vege.
tated buffers around construction sites).
Of the many strateties for managing
stormwater, the use of biofiltration tech-
niques is receiving much attention.
Vegetated swales, for example, are con-
structed channels lined with Brass or
other vegetation that reduce the rate of
runoff and promote sedimentation and in-
filtration. Maintenance of the swales and
other best management practices requires
proper disposal of the accumulated sedi-
ments and contaminants. Other control
strategies include public education, litter
control, reduction of impervious surfaces,
wetland preservation, erosion prevention,
detention/retention facilities, constructd
wetlands, oil/water separators, and treat-
ment of stormwater (National Association
of Industrial and Office Parks, 1990).

Oilond Chemicol Spills

Oil and chemical spills occur tfuoughout
the basin, but their effects are particularly
devastating when they occur directly in
the water. Depending on the type of oil or
chemical, the material often remains on the surface where it directly af-
fects surface habitats and bird and mammal populations. Substances that
settle to the bottom or wash ashore have equally damaging effects on boF
tom and nearshore habitats. Figure 2.4 shows the large oil spills in Puget
Sound to which the state has responded over the past two years.

Although much attention is given to spills involving oil barges and
tankers, the problem is much broader than this. Other sources include
chronic, small-volume spills that occur in the harbors, marinas, and up-
land areas of the basin.

Dredged Moteriql Disposol

The dredging and disposal of sediments can increase turbidity and tem-
porarily block sunlight to aquatic plants, bury bottom dwelling organ-
ismt and foul the gills of animals. Historically, dredging practices
relocated contaminated sediments from one part of the Sound to another.
Today, however, most dredging projects have relatively minor impacts
since special management conditions are imposed by federal and state
agencies to avoid unacceptable adverse effects.

The Puget Sound Dredged Disposal Analysis Program and subsequent
management efforts have provided a basis for unconfined, open water
disposal of cleaner dredged materials in Puget Sound. Sites which con-
tain contaminated sediments warrant special considerations in removing
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the dredged material. Because there are currently no public multiuser
disposal sites (for navigation or cleanup purposes), contaminated sedi-
ments are either left in place or require very cosfly handling and disposal
(Urabeck, personal communicatiory 1991).

Nonpoint Sources

Nonpoint sources of pollution occur throughout the watershed. The term
nonpoint describes pollution that originates from a number of dispersed
activities and sources rather than a larger, more distinct source, such as a
discharge pipe for a municipal treatment plant or industry. Typical non-
point sources include wastewater from failing on-site septic systems, ani-
ma1 wastes from hobby and commercial farms, pesticides and fertilizers,
sewage, paints and oils from boats and marinas, chemicals and debris
from forest practices, and sediments from a variety of land uses.
Although these dispersed activities may seem trivial when compared to
larger, more focused sources of pollution, their cumulative contribution
to the basin's water quality problems is enormous.

On-Site Sewoge Disposol Systems
The failure of on-site sewage disposal systems is an important source of
contamination that falls under the nonpoint souce catetory. Although
septic systems are generally considered failed only when effluent collects
on the surface or the system no longer passes wastewater, damage to
water resources can occur long before these symptoms appear. There are
a number of reasoru why septic systems fail-poor construction, improp
er use, inadequate maintenance, or unsuitable site conditions related to
soils, water table, or lot size. The Department of Health estimated in 1985
that there were approximately 383,000 septic systems in the Puget Sound
area, and about 11,000 new systems were being built each year
(Authority, 1986). There may now be over 450,000 systems around the
waters of Puget Sound. Health professionals also estimate that basin-
wide 3.5 to five percent of the septic systems fail each year (Authority,
1988). More detailed surveys tend to support an average failure rate of
five percent, although rates of 40 percent and higher have been docu-
mented in areas with reskictions on shellfish harvesting.

Failing and poorly maintained septic systems present imminent threats to
both human health and environmental quality. In addition to household
chemicals that may be improperly disposed of through on-site systems,
household wastewater contairu viruses, bacteria, and other microorgan-

isms that could cause gastrointestinal in-
fections, typhoid, cholera, and hepatitis.
Contamination by fecal coliIorm bacteria
(which is used as an indicator of the pres-
ence of pathogens) has restricted com-
mercial and recreational shellfish
harvesting in a number of the Sound's
bays and inlets.

Agriculture
Habitat and water quality degradation
also stem from a variety of animal and
crop production activities. Cropping
practices disturb soils and ground cover,
resulting in increased runoff and contam-
ination from chemicals and sediments.
Improper manure management, over-
grazed pastues, and poorly controlled

animal access to stream corridors degrade water quality. The related ef-
fects include contamination from sediments, fecal bacteria, nutrients,
salts, and pesticides, as well as damage to riparian and wetland habitats.

Water quality problems and habitat degradation resulting from agricul-
tural sources can be significantly reduced through the use of best man-
agement practices on hobby and commercial farms. Best management
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practices include improvements such as stream fencing and buffering,
streambank revegetation, contour farming, conservation tillage, nutrient
and pesticide management, and animal waste management. The
Department of Ecology is developing a waste discharge permitting pro-
gram for the state's commercial dairy operations that will result in more
widespread use of best management practices.

Foreslry
Roughly 80 percent basin's land area is covered by forests. About hall of
these lands are actively managed for commercial harvest (Authority,
1986). Annually, 50.000 to 75,000 acres of timber are harvested in the
Puget Sound region (Authority, 1989). Typical forest practices that can
degrade water and sediment quality include road construction, mainte-
nance and abandonmenU site preparation; clearcut and partial cut prac-
tices; removal of streamside vegetation; salvage loggfng; herbicide and
pesticide spraying; and poor management of logging slash and debris.

Effects of these practices include sedimentation, chemical contamination,
elevated stream temperatures, higher runoff volumes, and the loss of fish
and wildlife habitat. Issues currently receiving much attention through
public, private. and cooperative management programs (such as the
Forest Practices Board and the Timber/Fish/Wildlife Agreement) include
enhanced protection of wetlands, riparian zones, and other habitats criti-
cal to fish and wildlife populations; the timing, sizing, and location of
timber harvests; chemical applications; and the cumulative effects of for-
est practices.

Morinos ond Recreotionol Booting
Recreational boating is especially popular in Puget Sound. Unfortunately,
however, practices associated with boating can affect the marine environ-
ment, particularly around marinas and popular moorage spots. In addi-
tion to direct habitat losses and shellfish bed closures caused by marina
developments, environmental impacts are attributed to sewage, antifoul-
ing paints, household chemicals, plastics and other garbage, and fuels
and fluids from engines and fuel docks. Some of the contaminants in-
clude fecal bacteria, heawy metals, organic chemicals, detergents, sol-
vents, and petroleum hydrocarbons.

One of the more important issues related to marinas and boathg is
sewage disposal and its effect on the basin's shellfish. Sewage discharges
increase the biochemical oxygen demand and introduce disease-carrying
bacteria to the waters. Studies have found elevated fecal coliform concen-
trations in areas of concentrated boating activity (Milliken and Lee, 1990;
Washington Department of Health, 1989).

@



CHAPTER 3
t

!

E

$

a

L^

The Heolth of Puget Sound



1992
Sbte o[

the Sound

@

!l I irtually no area of the basin has escaped the effects of contamination
lf and d6gradation. Serious problemJ are restricted to areas near the
U shorelines and urban bays. However as the human population ex-

pands, signs of contamination are emerging in places that were once con'
sidered immune to pollution-areas such as rural bays and the deep
basins of the Sound. Additionally, widespread degradation of natural
shoreline areas has diminished the quality and quantity of critical fuh
and wildlife habitat.

Although little is known about the cumulative effects of human activities
on the biological populations of Puget Sound, it is hard to ignore the indi
cations that our presence is taking a toll on the basin's environment.
Closures of shellfish beds to harvesting, diseases in bottomfish, and occa-
sional fish kills are directly related to the contaminants we dispose of in
the Sound. Many seabirds are less abundant because their habitat is
being lost to development. Some fish runs have been severely reduced
because of habitat loss and overfishing. Even stands of native seagrasses
and populations of shellfish are threatened by competition from domi-
nant non-native species.

Information on the extent of pollution in the Puget Sound basin comes
from a variety of sources. Many studies have been done on sediment
contamination in the urban bays at Seattle, Tacoma, BremertorL Belling-
ham, and Everett. Federal Superfund investigations have included por-
tions of Commencement Bay, Elliott Bay, and Eagle Harbor. Dischargers
and dredgers also collect information on levels of contamination near
populated shorelines.

The Puget Sound Ambient Monitoring Program (PSAMP) was estab-
Iished in 1988 to provide comprehensive information on contamination at
sites remote from discharges. Over the next decade, PSAMP will provide
crucial measurements about the long-term trends in polluhon and habitat
Ioss throughout Puget Sound.

W
Sediments-the sand and mud that lie on the bottom of Puget Sound-
are an important part of the basin's ecology. The health of many plants
and anirnals living on or near the bottom depends on sediments that are
free of contaminants.

In general, sediments in the nearshore areas of urbanized bays are more
contaminated than those in open water or less developed areas (PT[,
1988). Scientists have studied sediment contamination in Seattle's Elliott
Bay, Commencement Bay in Tacoma, Everett Harbor, Bremerton's
Sinclair Inlet, and Bellingham Bay. Their findings reveal contamination
from stormwater and sewage discharges, and from past and present in-
dustrial practices. Also contributing to the problem are shoreline modifi-
cations, such as bulkheading, which disrupt the natural movement of
sediments.

Sediments in the nearshore areas of less developed bays may also be con-
taminated due to stormwater runoff, sewage discharge, and past and pre-
sent industrial practices. Among these areas are Eagle Harbor, located on
Bainbridge Island, and Shilshole Bay, at the mouth of the Lake
Washington Ship Canal (Malins et al., 1985; Tetra Tech, 1988a).

Sediments in Puget Sound are often contaminated with elevated concen-
trations of toxic metals such as lead, copper, and mercury, and with or-
ganic compounds such as PCBs and polynuclear aromatic hydrocarbons
(PAHs).
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Figure 3.1 1990 sedimeflt quolity

moniloring locolions

Metol Contominolion
ln central Puget Sound, metal concentrations in sediments show a gradu-
aI increase from the start of induskial times (about 1860), reach a peak be-
tween 1930 and 1950, then show a decrease in recmt decades (Romberg et
a1.,1984; Bloom and Crecelius, 1987). This downward tum may be due in
part to the gradual switch to unleaded gasoline and the pretreatment of in-
dustrial wastes by industries prior to their release to municipal sewer sys-
tems (Romberg et a1.,7984; Crecelius and Bloom, 1988).

At least 10 bays and harbors in Puget Sound contain sites that do not
meet state sediment quality standards and minimum cleanup levels for
metals (Authonly, 1992d. These elevated contamination levels threatm
the health of bottomdwelling animals in the bays.

The Department of Ecology (Ecology) found measurable levels of metals
in sediments at all 50 Puget Sound Ambient Monitoring Program sites
during 1989 and 1990 (Tetra Tech, 1990; Striplin et a1., in preparation)
(Figure 3.1). These sites are generally located away from rraior pollution
sources in order to track long-term water quality changes. The levels of
metals were, for the most part, below the state's sediment quality stan-
dards (WAC 173-204). The lowest levels of metals were generally found
at monitoring locations away from the urban bays and other known
sources of contamina tion.

Many of the metals that can contaminate sediments occur naturally in
soils in the Pacific Northwest. Consequently, their presence in detectable
amounts may not be indicative of contamination related to human activi-
ties in these areas. Most metal concentrations found during 1989 and
1990 were similar to those that have been measured in past Puget Sound
studies (Long, 1982; Dexter et a1., 1985).

Orgonk Chemicql Conlominotion
Portions of at least 18 bays and harbors in the basin do not meet the state
sediment quality standards for organic compounds (Authority, 1992a).

The highest concentrations of toxic organic compounds were
found in the urban bays and the lowest levels were found
away from known contamination sources. Sediments at sev-
eral PSAMP stations monitored in 1989 and 1990 exceeded
the state sediment standards for PAHs and other organics.
Similar Ievels of toxic organic chemicals have been found in
past Puget Sound studies (Mdins et aI., 1985; Dexter et al.,
1985). As with the metals, the monitoring program cannot
document a change in toic organic chemicals in Puget
Sound sediments from the late 1970s or early 1980s to 1990.

Meosuring Sediment Contominotion
The benthic, or bottomdwelling, species that live in Puget
Sound reveal quite a bit about the effect of contaminated
sediments on biological populations. Worms, clams, snails,
and shrimplike creatures iue among the basin's benthic sea
life. The number of species and the number of individuals
per species found on the Sound's bottom are affected by
many factors, including sediment grain size, water depth,
amount of organic matter present, slinity of the water be.
tween sediment particles, degree of contamination, and in-
teractions among species.

Scientists evaluate certain benthic species as pollution-toler-
ant or pollution-sensitive. These designations are used to
evaluate the health of the water and sediments to which the
communities are exposed.

Although Ecology scientists found pollution-tolerant species
at all Puget Sound Ambient Monitoring Program stations,
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they were numerically dominant in the urban embaFments (Tetra Tech,
1990; Striplin et al., in preparation). These sites included the City Water-
way and the Blair/Sitcum Waterway in Commencement Bay, Eagle
Harbor at Bainbridge Island, and Elliott Bay. AII of these locations are in
the vicinity of federal Superfund sites and are highly contaminated with
an array of metal and/or organic compounds.

Sediment bioassays are used to measure the toxicity of sediments to ma-
rine organisms. During 1989 sediments from Dyes Inlet, Sinclair Inlet,
Port Susan, and several south Sound inlets were found to be toxic (Tetra

Tech, 1990; Striplin et al., in preparation). Previous Puget Sound studies
show similar findings in urban bays and other areas, such as East
Passage. Sediments taken from the rural areas and deep basins have gen-
erally shown no toxicity (Crecelius et al. 1989).

Water quality refers to the health of the water column, which includes
water between the floor of Puget Sound and the water surface. Poor
water quality may affect aquatic organisms or diminish human uses of
the water column and nearshore resources. Examples of water quality
problems include low amounts of dissolved oxygen, which can cause fish
kills; high concentrations of algae and pathogens, which can contaminate
shellfish beds; mats of malodorous algae; and pollution from spills and
discharges.

Basinwide, the health of the Sound's water column is generally good.
Puget Sound does not experience the large'scale algal blooms, fish kills,
beach closures, or fishery bans that characterize other induskialized estu-
aries.

On a more local scale though, Puget Sound does have water quality prob-
lems in both urban and rural areas-small-scale algal blooms and fish
kills occur on occasion; shellfish harvesting is restricted in a growing
number of areas due to fecal contamination from human and animal
wastes; and commercial fishing for bottomfish is prohibited in many
parts of Puget Sound due to concerns about chemical contamination.

Woler Column ilonitoring
Puget Sound's water quality problems are generally localized, most no-
tabty fecal coliform contamination in the nearshore areas and enclosed
bays.

Water samples from several south Sound bays had dis-
solved ammonia levels well above Puget Souad Main
Basin concentrations (considered to be background levels),
including stations in Budd Inlet, Eld Inlet, Totten In1et, and
Oakland Bay. In most of these bays, excessive amounts of
ammonia are probably supplied by a combination of
sewage treatment plants, upstream sources,. failing septic
systems close to shore, and other nonpoint runoff.
Ammonia can be toxic to many marine organisms, includ-
ing juvenile salmon.

The 1989-1990 ffSAMP stations generally represented the
deep basins, open water areas, and a few south Sound
bays. Until more intensive monitoring can be initiated in
areas with known or suspected water quality problems, we
will have limited information about the quality of the bays,
inlets, and nearshore Puget Sound waters in many areas.

Fecql Contominqtion of Pugel Sound Woters

Some areas sampled in 1989 and 1990 had levels of fecal
contamination high enough to warrant restrictions on com-
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mercial shellfish harvesthg. The Sound's isolated embayments and other
nearshore areas are more vuLnerable to fecal contamination than the
basin's mid-channels, where natural processes of dilution and bacterial
die-off tend to keep the waters cleaner (Authority,1986d.

Fecal contamination in urban areas and nearshore waters is often directly
related to the proximity of sewage outfalls, storm drains, and pets on the
beach. Although fecal contamination in urban areas has been largely con-
holled through improvements to point source discharBes, scientists con-
tinue to find periodic high bacterial counts. Nonpoint sources, including
stormwater, sewer overflows caused by storms, and runoff, may account
for this contamination.

Long-Term lrends in Woter Quolity
Small changes have been seen in several water column parameters from
the 1950s to the present, although no major Soundwide changes have
been found (Tetra Tech, 1988b). The small changes include a slight rise in
surface water temperature in most areas of the Sound, a decrease in bio-
chemical oxygen demand from pulp mill effluent, a decrease in deep
water salinity, and both increases and decreases in dissolved nutrients
and dissolved oxygen in localized areas (Dexter et al., 19&5; Tetra Tech,
1988b). An increase in phosphate concentrations was also observed in the
urban areas between the early 1970s and the mid-1980s which might be
the result of human population growth and increased development in the
Puget Sound basin. The toxicity of water to oyster larvae from the vicini-
ty of pulp mills reached a peak during the 1960s and has declined drasti-
cally since the 1970s as a result of major improvements in the treatment of
wastewater from the mills (Cardwell and Woelke 1q79).

W
More than 220 species of fish make their home in Puget Sound. They live
in many different habitats and occupy many different positions in the
marine food web. Despite the abundance of fish in Puget Sound, biolo-
gists are noticing declines in some species.

Healthy fish populations require adequate amounts of clean, productive
habitat. The ability of the Puget Sound basin to support fish has been se-
riously reduced by the outright loss of habitats as a result of filling,
dredging, the construction of dams and other obstructions, and the reduc-
tion of stream flows. The remaining habitat has often been damaged by
increased sedimentation and pollution from stormwater runoff. The sup-
ply of some fish species has been supplemented by hatchery production,
but some populations may have been further reduced by overfishing or
changes in predation.

Fisheries biologists are challenged with managing fish runs to protect the
fish populations, while allowing for a reasonable harvest by commercial
fishermen and recreational anglers. Often the fisheries managers do not
have sufficient monitoring information to determine the cause of a de-
cline in a fish population and must act conservatively to protect the stock.
Fisheries closures, reduced seasons, and limited numbers of commercial
fishing licerues are the result.

Contominotion in Fish

As part of IISAMP, the Department of Fisheries (Fisheries) monitors metal
and organic contaminants in Puget Sound fish for two reasons. The first
is to observe patterns and hends in the exposure of fish to contaminated
food organisms and habitat. High exposures may cause diseases in fish
or reduce their ability to reproduce. The second reason is to assess
whether fish with contaminated tissues pose a health risk to people and
other predators who may eat the fish.

Varying levels of arsenic, copper, mercury, and lead were detected in
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i Puget Sound fish, as illustrated in Figure 3.2. Although these metals
occur naturally in Puget Sound sediments, soils, and seawater, high con-

and industrial activi-

Mercury and copper are common industrial con-
taminants, while automobile exhaust particles
washed from the air and land carry a significant
amount of contaminants to the Sound. The
ASARCO smelter near Conrmencement Bay was
a heavy contributor of arsenic to Puget Sound
until it was closed in the early 1980s.

The levels of metals found in fish tissue samples
are similar to those found in previous studies,
with a few exceptions. Past studies of rockfish in-
dicated higher levels of arsenic and lower levels
of mercury than the more recent 1990 PSAMP
study (Gahler et al., 1982; L,andolt et al., 1985,
1987). Past studies also showed higher levels of
arsenic, copp€r, lead. mercury, PCBs, and DDE (a

breakdown product of the pesticide DDD (EVS,
1979; Malins et a1.,7982; Galvin et al., 1984; Tetra
Tech, 1988c) in salmon tissue from Puget Sound
and the Fraser River in British Columbia.

There are no nafural sources of organic contami-
nants such as PCBs and pesticides. Their pres-
ence in fish is traceable to human uses. Very few
toxic organics were found in the fish tested under
PSAMP during 1989 and 1990 (O'Neill and
fthmift, in preparation). l,ow levels of PCBs
were found in the English sole from the urban
bays; low levels of the organic contaminants PCB,
DDE, and phenanthrene (a low molecular weight

Fioure 3.2 Concontrotion oforsenic ond' ,"r.rry ol l99O PSAMP lish
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PA[I) showed up in the rockfish tissue; no organic contaminants were
found in the Pacific cod tissue; and minute traces of DDE were detected
in the salmon (O'Neill and fthmitt, in preparation).

It should be noted that many types of fish break down and metabolize
PAHs. Thus, fish may suffer disease from PAH exposures and have no
measurable PAHs in their muscle tissue.

ln comparing the concenkations of several chemicals detected in the
ISAMP samples with Envkonmental Protection Agency (EPA) reference
levels, the Department of Health (Health) is confident that the concentra-
tions are not a threat to human health (Department of Health, in prepara-
tion a).

Bofiomfish liver Diseose

Liver disease in bottomfish can indicate the presence of contaminants in
marine water. At six of the 10 sites sampled for bottomfish in 1989,
I'SAMP investigators found no prevalence of abnormal liver conditions.
At Port Cardner, located near urban Everett Harbor, the fish sampled had
a very low prevalence of liver abnormalities. In the three urban bays
sampled (Sinclair Inlet, Commencement Bay, and Elliott Bay), hvestiga-
tors found higher levels of liver abnormalities (O'Neill and fthmitt,
1991).

The amount of liver abnormalities in bottomfish found by PSAMP inves-
tigators in 1989 is similar to that found in recent studies in Puget Sound.
Most studies of liver abnormalities in English sole have focused in and
around thi urban bays. Scientists have shown that most sole living in the
rural bays and the open areas of the Sound rarely suffer from liver dis-
ease (Malins et al., 1985; Crecelius et al., 1989; Y11,7997). The highest oc-
currences of malignant tumors (cancer) in fish livers have been found in
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Harbor and in the Duwamish waterways-areas known to contain
levels of organic contaminants, particularly PAHS (Mccain et al.,

1988)

F;qu,e 3 3 Shdlfish hds where commer.' ciollprvesl is not permited

H
There are three types of potential th.reats to public health from consuming
ocntaminated shellfish: pathogens (diseasecausing organisms such as
bacteria and viruses), paralytic shelllish poisoning (PSP), and chemical
contamination. Another type of shelUish poisoning, domoic acid, has to
date not been detected in Puget Sound shellfish.

The Department of Health routinely monitors coururercial shellfish and
shelUish growing waters to msure public health. Shellfish beds in many
parb of the Sound have been reclassified since the 1950s to reshict com-
mercial shellfishing (Figure 3.3). Since 1982 Deparurent of Health in-
vestigators have been monitoring recreational shellfish beaches as well.
The agency prohibits commercial shellfishing along the eastern shore of
the Main Basin from Tacoma to Everett and in other areas of the Sound
due to potential bacterial and chemical contamination caused by dir
durges from stomr drains, residences, sewate treahrent plants, and in-
dustries. Health officials have identified many recreational beaches that
are also being affected by these discharges.

Since 1981, Health has restricted or prohibited shellfish harvesting from
over 15,0@ acres of commercial shellfish beds. ln 798't,17 percent of the
Sound's commercial shellfish beds were restricted. By 1990 that figure
ro6e to 38 percent (Health, 190). Most recently, all of Liberty Bay and
parts of Case Inlet (North Bay) were downgraded in May 1991 (Melvin,
1991a;'L99lb).

Bocteriol Contominotion in Shellfish

Pathogens, which are hansmitted to the water from humans and other
animals via their feces, can be absorbed by shellfish. The amount of con-

tamination in shelUish varies seasonally, mainly as a result of
rainfall events and runoff patterns. Typically, fecal coliform
bacteria are Iound most frequently in marine waters follow-
ing heavy rains, and throughout the winter in the Puget
Sound area. High bacterial counts have also been measured
during the summer in areas with heavy boat traffic and
around marinas due to discharges of human wastes (Health,
1989).

Although fecal coliform bacteria do not cause disease, their
presence indicates contamination with fecal matter which
cirn carry a variety of disease-causing organisms.

As a part of the monitoring program, Department of Health
investigators measure the fecal colifomr contmt of shellfish
from 10 recreational beaches in Puget Sound every three
months. The tissues of shellfish from seven of the 10 beaches
generally showed low levels of fecal coliform. However, tis-
sues of shellfish from the other beaches were higher and gen-
erally failed to meet state fecal coliforrr standards for
commercial shellfish haweeting (Health, in preparation b).
The three contaminated beaches were Belfair State Park near
Lynch Cove in Hood Canal, Walker County Park near
Shelton in the south Sound, and Dosewallipa State Park in
Hood Canal. Failing septic systems are the suspected cause
of pollution at Bellaif stormwater runoff from an urban area
and proximity to a sewage Eeatment plant discharge are
blamed at Walker; and contamination by harbor seal feces is
responsible for pollution at Dosewallips.

Based on these results, officials from Health and the state
fo&lwre: llcolti, 1940; tt&in, l99lo; tirlkin, l99lb
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Parks and Recreation Commission Parks) dosed the beaches
to recreational shellfish harvesting at Belfair State Park and
Dosewallips State Park. In an effort to reopen the beach at
Belfair State Park to shellfish harvest, Health, with assistance
from Ecology, is working with Mason County to develop a
plan for a community sewage treatment system. At Dosewal-
lips State Park, the Parks and Recreation Commission is in-
stalling barriers to prevent seals from entering some of the
river sloughs. Parks is also installing log rafts offshore to en-
courate seals to haul out and rest away from the beach.

The 1989-91 ISAMP results confirm previous Health findings
of high levels of fecal coliform in the water and shellfish tis-
sue at Walker County Park. The park is located near
Shelton's wastewater treaknent plant outfall and may be af-
fected by stormwater discharges and other nonpoint sources
of pollution- Health officials have restricted recreational
shellfish harvesting on the beach. Based on the complex con-
tamination problems at Walker Park, Health officials are not
optimistic that the beach will be reopened to shellfish harvest-
ing in the near future.

Chemicol Conlominolion in Shellfish

Department of Health scientists found that shellfish tissue
from four PSAMP beaches sampled in May 1990 contained arsenic, cad-
mium, copper, mercury, lead, and zinc (Health, in preparation b). The
observed levels are relatively low and not of immediate concern to shell-
fish consumers.

Health investigators found very little evidence of organic contaminants in
the shellfish sampled (Health, in preparation b). Past studies of shellfish
in Puget Sound have revealed organic contaminants, particularly PCBs
and organochlorine pesticides such as DDT (Mearns et al., 1988; NOAA,
1989). Scientists believe that levels of PCBs and organochlorine pesticides
have dedined in the environment in recent years because the manufac-
ture and use of these chemicals has sharply decreased over the past rwo
decades. The absence of significant chemical contamination in the 1990

PSAMP samples may be evidence of this decline.

PSP Contominotion in Shellfish
Paralytic shellfish poisoning (PSP), commonly known as red tide, is a nat-
urally occurring nerve toxin which can accumulate in the tissues of shell-
fish that filter certain dinoflagelate algae from the water. The algae,
which is responsible for IISB grows rapidly in Puget Sound waters on a
frequent but unpredictable basis. As with other changes in plant growth,
these rapid growths may be associated with nutrient loadings. When suf-
ficient levels of this algae are present in the water, shellfish can concen-
trate enough toxin to make their meat dangerous, if not fatal, to humans.
Because of the potential life.tfueatening nature of f'SP, Department of
Health scientists routinely monitor shellfish from commercial and recre-
ational shellfish areas for PSP.

Shellfish from nine of 15 Puget Sound beaches sampled had enough ['jSP
in their tissue to warrant closing the beaches to public shellfish harvesting
on at least one occasion between October 1989 and December 1990
(Health, in preparation b). Some of the beaches were contaminated in
both summer and fall or winter (Health, in preparation b). In the past,
scientists believed that I'SP outbreaks in Puget Sound were generally a
summertime event. They now recognize that t'SP outbreaks can occur at
other times of the year as well (Health, 190).

Bivalve shellfish from six of the 16 PSAMP beaches were contaminated
with IISP toxin between 1988 and 1989"(Health, in preparation b).
Northem Puget Sound sites contained higher levels of PSP than those in
the south Sound. This indicates a change from studies conducted two
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years earlier, when shellfish from the northern parts of Putet Sound gen-
erally had lower [5P levels than shellfish from beaches in the south
Sound.

Marine mammals are heavily dependent on good water quality and
undisturbed habitat for their health. Monitoring animals at the top of the
Puget Sound food web allows us to follow the passage of contaminants
through the web.

Twenty-seven species of marine mammals live in or sometimes frequent
Puget Sound. Five are resident-harbor seals, Dall's porpoises, harbor
porpoises, Minke whales, and orcas or killer whales. Three more are
common migrants-{alifornia sea lions, stellar sea lions, and gray
whales. Another 18 species of whales, seals, and porpoises are occasion-
al, rare, or accidental visitors to the region.

People and their activities disturb marine mamnrals in a number of indi-
rect ways-through commercial and recreational fishing, which can alter
the marine mammals' food supply; by shoreline development projects,
which can destroy and degrade marine mammal habitat; and by releasing
todc chemicals into Puget Sound, which can accumulate in marine mam-
mal tissue.

There are many incidences of people unlawfully harassing marine mam-
mals in Puget Sound. Generally, people do not want to disturb the ani-
mals but are seeking a closer look. Without proper training or facrlities to
allow the public to view marine mammals without disturbing them, this
harassment wiII continue. Marine mammals which haul out on land to
rest, to mate, and to bear their young, like seals and sea lions, are particu-
larly susceptible to harassment.

Scientists are unsure whether the overall populations of marine mammals
are affected by these disturbances. There is sufficient evidence, however,

that human disfurbances cause the animals stress
(Calambokidis et al., 1991a). Shifts in feeding and pupping
territories, toxic contaminants in blubber and hternal or-
gans, and shifts in population sizes that are occurring in
Puget Sound are among the signs of stess.

Horbor Seqls

Wildlife biologists estimate that approximately 6,000 harbor
seals live in Washington's inland waters, which includes
Puget Sound, the coastal estuaries, and the Strait of Juan de
Fuca. Harbor seals are ideal study subjects because they ap-
pear to be year-round residents in Puget Sound. Wildlife bi-
ologists have studied populations of harbor seals at their
preferred haulout sites in the south Sound, north Sound, and
Hood Canal (Figure 3.4).

Historically, studies found high levels of contaminants in the
bodies of Puget Sound harbor seals, particularly PCBs and
DDT in the blubber of south Sound seals (Calambokidis et
aI., 1988). Scientists believe that levels of these contaminants
have declined since the 1970s, although there is evidence
that PCBs, DDT, and other contaminants are still present in
significant concentrations in harbor seals in several parts of
the Sound (Calambokidis et al. 19E5). Scientists have found
evidence of premature births and birth defects in harbor
seals in the south Sound, which may be related to contami-
nants (Newby, 1971; Newby, 1.973; Calambokidis et a1.,
7978,.
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Horbor Porpoises
Although they were once abundant throughout Puget Sound, since the
1940s harbor porpoises have been found only in the Strait of |uan de
Fuca, Admiralty Inlet, around the San |uan Islands, and near the outer
Washington coast (Osbome et al., 1988). Wildlife biologists believe that
the disappearance of harbor porpoises from Puget Sound south of
Admiralty Inlet is due largely to human disturbances like ship traffic,
capture in fishing nets, and perhaps contamination (Calambokidis et al.,
191b). Scientists have very little information on contaminants in harbor
porpoises. They have found that some Washin$on coast/Straits harbor
porpoises have PCBs and DDT in their blubber comparable to levels in
Puget Sound harbor seals (Calambokidis and Barlow, 1991). Natural re-
source scientists and managers from other countries suspect that PCBs
and DDT have caused reproductive problems and population declines in
harbor porpoises (Otterlind, 7976; Wollf ,'1982).

Groy Wholes

Gray whales are migrants which are spotted regularly in many locations
in Puget Sound and the Strait of Juan de Fuca (Calambokidis et al., 1991b).
Biologists believe that many of these whales may spend up to four
months feeding in the Sound.

In recent years a number of gray whales have died in Puget
Sound and surrounding waters. In most cases scientists have
not been able to determine the cause of death. Some whales
found along the Washington coast apparently died after
being tangled in fishing nets, after collisions with boats, and
after attacks by orca whales (Calambokidis, personal corunu-
nication, 1991). Despite intense public interest and specula-
tion on the role of contaminants in the death of gray whales,
preliminary results from chemical analyses of tissues from re-
cently stranded gray whales indicate that the [evels of con-
taminants were too low to cause any harmful effects
(Varanasi, personal communication, 191). Until more infor-
mation becomes available, scientists cannot evaluate the ex-
tent to which contaminants may be affecting these animals.

figure 3.5 Breeding

morine bi
colony sites lor
rdr in Puga Sound
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Birds suffer directly and indirectly from human development
and industrialization in the Puget Sound basin. Direct
threats to birds include hunting, death from oil spills, poison-
ing from the ingestion of lead shot, and tangling in marine
debris. Indirect threats include reproductive problems from
the accumulation of todcs and loss of habitat critical to bird
rearing, feeding, and refuge.

Waterfowl which visit Puget Sound as a stopover on the
Pacific flyway, as well as those who breed and live year-
round in Puget Sound, include 26 species of ducks, 10 types
of geese, and two species of swans. The large and relatively
undeveloped estuaries and uplands of northem Puget Sound,
including Port Susan and Skagit, Padilla, and Samish bays, provide a
winter home for enormous flocks of waterfowl.

Marine birds spend their lives in salt water, feeding on fish and marine
invertebrates and sleeping on the surface of the water. Most marine birds
go ashore only to nest, choosing protected and inaccessible sites (Figure
3.5). These birds are extremely vulnerable to human disturbances and
have left nesting sites as humars encroach on their habitat. Dramatic de-
clines in populations of marbled mur:elets (Cummins et al., 190), for ex-
ample, could result in the birds being listed as an endangered species.
While disturbances in Puget Sound and other marine waters may account
for part of the decline, cutting of old growth forests where the birds nest
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is probably responsible for the sharpest decline. Double.crested cor-
morants have left most of their historical nesting sites on four of the San
fuan Islands for the isoliation and inaccessibility of Smith and Protection
Islands in northern Puget Sound where their numbers are increasing
(Henny et al., 1989).

Conhminonts in Puget Sound Birds

The tissues of many types of Puget Sound waterfowl, marine birds, rag
tors, and shorebirds sampled under PSAMP cpntained low levels of con-
taminants, especially DDE (a breakdown product of the pesticide DDT)
and PCBs Giley et d., 1963). low levels of lead and mercuqr were found
in many bald eagle nestlings from the San Juan Islands (Wiemeyer et al.,
1989). And scientists found that some Puget Sound marine birds have
had reproductive problems.

There is limited evidence that these problems are caused by contami-
nants. There is evidence, howevel, from other areas that contaminants
have affected the reproductive success of raptors, including bald eagles
(Hickey and Anderson, 1968; Reichel et al., 19E4), osprey (Wiemeyer et al.
1978), peregrine falcons Gindberg and Odsio, 1983), and merlins (Fox and
Donald, 1980).

A recent study of metals in marine birds and waterfowl wintering in
Commencement Bay (Henny et al., 1990; Henny et al., in press) revealed
that the bottom-feeding surf scoters, a type of waterfowl, accumulated
much higher levels of cadmium and mercury than the western grebes
(marine birds) which feed on fish. The difference in the rate at which the
scoters and gretres accumrrlate toxics may reflect the higher level of con-
tamination in Commencement Bay sedimmts and boftomdwelling ani-
mals, as compared to the fish swimming through the bay.

Figure 3.6 Chong* in roh monhes in
moior river &ltos

Many of the Sound's aquatic organisms spend at least part of their lives
in the narrow, fri.g*g eelgrass meadows,
kelp beds, and salt marshe of Puget Sound.
These vegetated nearshore habitats provide
feeding and nursery grounds for juvenile
salmon and other fish; food and refuge for
many marine invertebrates which form the
base of the benthic food web; and refuge,
feeding, and stopping grounds for birds.

The growth and development of the Puget
Sound area over the past hundrcd years has
severely degraded and reduced areas of
nearshore habitat, particularly in the deltas of
the largest rivers. Dredging and filling for
nearshore development projects, building sea-
walls and bulkheads to reduce shoreline ero-
sion, and dumping of debris on beaches has
diminished both the quantity and quality of
valuable nearshore habitat (Boule et aI., 1983).

Historicol Chonqes in Sqlt Morshes
ond Eelgrosr o;d Kelp Beds

Puget Sound once had broad expanses of salt
marshes in the Puyallup, Skagt, and Duwa-
mish deltas, but they have been largely elimi-
nated through diking and filling. (Figure 3.6)
The few broad areas of vegetated nearshore
habitat that still ocist in Puget Sound indude
the sweeping eelgrass beds of Padilla Bay and
the remnant salt marshes of the Skagit,
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Nisqually, and Stillaguamish river deltas.

Eelgrass meadows are perhaps the most productive and fragile of the
nearshore habitats common to Puget Sound, providing critical rearing
and feeding areas for young fish and crab. Scientists estimate that, at a
minimum, 15 to 25 percent of the Sound's shoreline is fringed by eelgrass
(Albright et al., 1980).

Before human activities began to affect them, freshwater wetlands in the
Puget Sound basin probably covered an area three to four times as large
as the saltwater wetlands (Nesbit, 1885). Around 70 percent of the tidally
inlluenced wetlands in Puget Sound have been lost to development
(Ecology, 1989). Statewide, an estimated 900 to 2,000 acres of wetlands are
developed each year (Canning, 1989), with more than half of the loss oc-
curring in the Puget Sound region.

Kelp is a large benthic algae that forms dense forests in shallow offshore
waters and is an important shelter, nursery ground, and food source for
many types of fish, invertebrates, and marine plants. Department of
Wildlife biologists estimate that between 1912 and 1977 the length of
shoreline covered by kelp beds increased by 53 percent (Thom and
Hallum, 1990). Scientists believe that the increase is due to changes in
water quality factors such as nukients and turbidity, as well as increased
rocky substrata (Thom, personal communication, 1991).

ffi
The fresh water that drains into Puget Sound carries a complex mixture of
particles and dissolved material hcluding sediment, dissolved nutrients,
toxic chemicals (like pesticides, herbicides, metals),
oil and grease, and miscellaneous organic matter.
Many pathogens-as indicated by fecal coliform
bacteria----enter the nearshore areas of Puget Sound
from rivers and skeams. as well as from storm
drains. Urban, suburban, agricultural, rural, and
managed forest areas contribute bacteria and virus-
es that affect the use of nearshore shellfish beds and
recreational beaches.

Water quality and habitats in Puget Sound rivers
and streams are also threatened by physical scour-
ing of the streambeds by sediments, burial of criti-
cal habitat and biological resources by excessive
sedimentation, and contaminants carried by exces-
sive runoff (often the result of vegetation removal
and development by humans in upstream areas).

Monitoring tresh Woter
Scientists with Ecology monitor water quality in the
10 major rivers of the Puget Sound basin. Based on
results collected over the past few years, water
quality in most of the rivers is good, but samples
from downstream areas of several rivers failed to
meet the state water quality standards for fecal col-
ilorm bacteria between 1988 and 1990 (Figure 3.7).
In general the rivers met water quality standards
for dissolved oxygen, pH, and temperature.
Ecology scientists and others have noticed some
trends in water quality conditions in Puget Sound
rivers over the past 10 years, including increased levels of dissolved oxy-
gen, particles, and fecal coliform bacteria, as well as decreased levels of
ammonia and other nutrients in the Green/Duwamish fuveu and in-
creased dissolved oxygm and particles, and decreased fecal coliform in
the Skagit River. Some of these changes are related to improvements in
sewa8e treatment.
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athe 1980s marked a turning point for Puget Sound. Early in the

I decade, public attention focused on the health of Puget Sound as its
I resources continued to show signs of deterioration. Despite signifi-

cant public and private investments in environmental protection over the
preceding decades, the region's fragmented managerial approach was
failing to adequately protect the Sound's natural resources. It was in-
creasingly apparent that protection of Puget Sound hinged not only on
improved public programs, but on changes in the personal actions and
habits of the basin's growing population.

Although a number of agencies and governments were already working
on these issues, their independent efforts lacked the direction, coordina-
tion, commitment, and accountability that a cooperative approach could
provide. In 1985 the legislature established the Puget Sound Water
Quality Authority to develop and oversee the implementation of a com-
prehensive management plan to protect and restore the Sound's re
sources.

In 1987 the Authority released a plan outlining the actions and partner-
ships necessary for a coordinated protection strategy-the 1987 Puget
Sound Water Quality Marugefient Plan-followed by revisions in 1989 and
1991. Support at the federal level helped bolster efforts to protect the
basin. In 1988 Puget Sound was designated an Estuary of National
Significance under the Federal Clean Water Act. And in 1991 the Envi-
ronmental Protection Agency (EPA) approved the plan as the federal
Comprehensive Conservation and Management Plan for Puget Sound. It
was the first estuary plan in the nation to receive such approval and it has
served as a model for other estuaries throughout the United States and
the world.

The strength of the Puget Sound plan stems in part from its emphasis on
prevention and. where needed, aggressive action for cleanup and remedi-
ation. The plan views the protection of Puget Sound as a shared responsi-
bility among the people, governments, businesses, and organizations of
the region. To the extent possible, authors of the plan made use of the re.
gion's institutional structure, believing that coordination within the exist-
ing framework was the most expedient and effective way to carry out
legislative directives. However, the Authority also established fresh pro-
grams and new approaches to 6ll gaps and improve upon existing protec-
tion efforts

The 1991 Puget Sound plan includes 15 different programs, each being an
action plan for an issue, such as shellfish protectiory wetlands, contami-
nated sediments, research, and education. Although they constitute a sin-
gle, comprehensive strategy for Puget Sound, the programs have been
implemented with varying degrees of success. Reasons for this include
the need to set priorities given limited funds, differing levels of perfor-
mance amont the implementing agencies and governments, and differ-
ences in the complexity of the issues which each program addresses.

While the plan is a pivotal tool for protecting the basin's resources, it is
neither a clearinghouse for all the programs related to Puget Sound, nor is
it the answer to all that ails the Sound. A number of private and public
programs, old and new, affect the health of the Sound. The Authority
fully recognizes the incredible breadth and complexity of the basin's envi-
ronmental issues and has designed the plan so that it supports and dove-
tails with such programs as the Grolsth Management Act, the Chelan
Agreement, and the Timber/FishflVildlife Agreement. Other programs,
such as the Shoreline Management Act and the State Environmental
Poliry Act, are unaffected by the plan and continue to serve central roles
in protecting the basin's natural resources.

While the plan may not directly address all of the basin's activities and
programs, it does take into account the challenges facing the region, and
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Sound is the firit to comolete its coriorehensi've
olon ond estoblish o blu'eorint for ociion to oro
iect qnd restore lhe Sound. The Puqel Sound

plon olso serves os o model for the"l6 other es-

iuory progrom porticiponts os well os o$er non-
oorticiootino eituoriei oround the countrv thot
tre intbrestid in oddressing their environmentol
issues.

Environmenlol plons ore o[ little or no volue un-

less thev ore imolemented. A strenoth of the
Puoet S'ound effort hos been the ddision to im-

ole"ment obviouslv needed octions eorlv in the
oroorom while c6ncurrentlv conductin<i oddi-
iionil plonn ing. Exomple j of eorly im"plemento-

tion ore the Urbon Bov Aclion Proorom. initi-
oted in 

.l986 
to contr6l toxic inpuis lo urbon

boys, ond initiotion in 1989 of lhe comprehen-
sive ombient monitorino oroorom to beoin es
to olishi no environmentEl'bo[lin"r so th"ot the
effectiven'ess o[ conlrol efforts could be deter-
mined in loter yeors.

Woshington ond lhe residents o[ the region ore
to be co"noroluloled for fieir commilmeit to oro
lectino onl restorino the ouolitv of Puoet Soirnd.
Wh i le" substo ntio I oid ti o n i f i coht oroo"ress hos

been mode, our efforts ri'ust be sr,istoi'ned or
even enhonced to prolect the Sound, o nolionol
lreosure, ogoin$ the pressures of ropidly in-

creosing populotion ond development.

-Jock Goksbfte r, EPA Region l0

The m.rnagement and protection of Puget Sound is a complex and chal-
lenging undertaking. lt involves bridging traditional jurisdictional bourr-
daries and pulling together tcderal and state agencies, local ancl tribal
[i()vernments, businesses, inclividuals, and organizations tr) carry out tht
pl.rn's coordinatecl protection strategv.

'I he Estuarv Mana5lc'ment and Plan Implernentation Program providcs
structure and focus to meet tliis challenge and effectivelv implement the
Puget Sound plan. Recognrzing that it is often easier kr develop a plan
than it is to coordinate its irnpler:rentation, the Authoritv added this pr<.r-

Bram to the l99l plan to institute better coordination, funding, enforce-
nrent, and corrsistcncv during the implementation phase.

Proq eim Gools

o Formalize the Puget Sound Estuary Program managc-
nrPn t stnratr r r('.

O Obtain aderlrrate funding for the plan.
l) Require greater accountability and efficiency among

implementing agencies,

o Provide for strong enforcernent at all levels of govcrn-
nrcnt.

o Ensurc that fecleral activities, incluclirrg the operation of
l.rrge federal facilities, are consistent rvith thc provr-
sions of the plan.

Proqrui"rr Stutus

Under a coopt-r.rtive agrL.cment bett.een EPA arrci the
statc of lV.rshington, this program is carrietl or.rt bv tl.rc
Pugt t Sound Estuary Program management comnrittr'c.
EI')A, the Ar-rthority, and the Washington Department of
Ecologv (Ecologv) co-manage the program. EPA provicles
fedcral iunciing, technical assistance, antl oversight of im-
plementation activities by iecleral agencies. Thc Authoritv
guides developnrent and ir.rrplementation of the Puget
Sound plan. And Ecology takes the le.rd irr implemcnting
marrv of the plan frograms.

EPA's appror.al of the 1991 plan as a comprehensir.'c con-
sen ation anrl management plan ushers in a r1elv era for
Pugrt Souncl. It is the fiy5f lrpportunitv in the country t(-)

dt vclop a process for ensuring consistency betlveen fedcral
activities and tht comprehensive estuary management plan
as requirecl bv the Clean !\L-rter Act. EPA, Ecologl', and the
Authority arc currentlv n'orking on this t'ederal consistencv
process ancl rel.r ted interagcncv agreements.

The Authority lrtrs also refined the planning and rcporting
rctluirements usecl by agencies and govemments in carry-
ing out thc plan. These groLlps no\4/ have greater respon-
sibilitr.' in tlefining tasks, setting target dates, reporting
progress, antl der.eloping future work proposals-all of
which shoulel enhance the inr;rlement.r tiorr proccss "rnd
b€'ttcr protcct thc Sound.

Sounc

Aclonsg



PROGTA}I

87-89
llennium

leslimobd ocluol|

a

89-9r
Bicnnium

(astimotcd ociuol)

9r-e3
licnnium

leriinnted ocluoll

I a

93-95
liennium

lestimoed full imple
mentolionl

9fr7
Biennium

(eslimotd full imple
menhtionl

Authority Activities $ 2,176,058 $ 2,905,93,1 $ 2,70e,440 $ 2,278,40s $ 2,787,444

Esluory Mgt. & Plon lmplemenlolion $ 96s,01I $ 694,917 $ 9oo,9o8 $ 3,967,218 $ 3,824,134

$ l,ess,380 $ l,4lo,t68 i r,86s,920 $ 7,4s6,523 $ 8,826,262Educolion & Public lnvolvement

Pugel Sound Foundotion 0$ $ gtt,tst0$ 0$ $ 369,rs4
Hobibt Protoction 0$ 0$$ 15,000 $ 3,s4e,s24 { 3,649,524

Household Hozordous Wosle $ 32,000 $ 203,r84 0$ $ 488, rs8 $ 403,738

loborotory Support $ 78,s84 $ r,028,684 $ I ,387.se 1 $ 2,080,e67 $ 2,072,6e8

Municipol & lndushiol Dischorges $ 2,0s6,909 $ a,768,540 $ s,e24,292 $ 14,205,626 $ r8,r34,7S2
Monitoring $ 776,245 $ 2,4V,222 $ s,56s,o77 $ 7,189,073 $ 7,@e,074

Nonpoint Source Pollution $ r r,s60,023 $ r r,s68,s52 $ 13,227,04s $ r 3,291,302 $ r3,150.942

$ 179,287 $ 96,000 $ l70,l14 $ 340,804 $ 309,194Reseorch

Conlominoted Sediments & Dredging $ 1,43s,776 $ 2,144,114 $ 3,242,172 $ 4,089,387 $ a,212,294

$ 1,507,142 i 3,r60,078 I 3,7so,so7 $ z,zto,zot $ 7,190,976

$ 7,233,000$ 124/13 $ 30r,2e6 $ 2,233,000 $ 7,233,000

$ 6e3,038 $ 3,46s,948 $ 4,712,739 $ 15,177,616 $ 2t ,827,107

$ 1,057,733 $ 3,60e,8 r 62 $ 3,820,19s $ 24,814,e56 $ 24,8s5,027

$ 24,632,5ee $ s4,s09,000
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Shellfish Protection

ll Prevenlion & Res se

Slormwoter & CSOs

Wetlonds Protection

PRqif,AM TOTAts $ 37,849,7s3

Plon Funding

The Authority wrrrks closely with the govcrnments and agencics rcspon-
sible for protection programs to estimate the full cost of plan implementa-
tion and to securt' tunding for the highest prioritv programs.

Since imti.rl .-rdopiion crf the plan in Decernber 1986, n.,rnt funding at all
Ievels of g()\'crnnrcnt has beerr less than the estim.rted amor-lnt needcd for
full implcnrr.r.rtat ion. These funding shortfalls har..e scaled back anrl de-
Iayed cfforts to pr()tect and cle.rn up Puget Sound. While recognizing the
competing priorities and funding limitations at all levels of government,
the Authoritv conlrnues to stress the environmental and fiscal advantages
of making atlequ.ite investmcnts now in pollution prcvcntion, rather than
spenciing morc ()n clearrup in the futurc.

The plan calls for lhe clevelopment of long-term tunding mechanisms at
all Icvels oi govcnrment. The Estuarv Management ancl Plan Implemen-
tation Program L)roposes that trt'o sources of revenue be identified---one
at thc state level ttr establish a competitive grants program for local and
tribal gor,'ernmen15 and othcr g,rou1.rs to help carr'"'out their responsibili-
ties under thc pl.rn, anrl a second to cnable Iocal governments to raise rev-
cnue tLr prtrtect tht,shcllfish resource from nonpoirrt source pollution.

Legislation tlraftr..l by the Authority and passed bv the legislature in 
.1992

enables counties lo create shellfish protection districts for this plrrpose.
The lcgislatiorr is Jiscussed in more detail under thc Shellfish Protection
Program on page il . Establishment of a state grants program ded icatetl
to pltrn implement,rtion h.rs vet to be considered bv the legislature.

Changes k) thc statute governing the Authoritv made during the 1990 leg-
islative session har,c improvecl accountability for state spending on plan
implementation. fhe governor's budget office-the Office of Financial
Managemcn t-nr,,,r submits a stand alone Puget Sound plan implementa-
tion budget .-rs par I of the overall budget p;rckage. This allow.s the legisla-
ture to clearly set'and consider the amount of funcling requcsted for state
agencics to carn,t,ut plan activities.

The Iegisiaturc noiv writes provisos into the butlget bill to limit the use of

$r r 3,829,s70 $ r 25,309,506

I 198/.89 cctrr :i . Do:e.r ofgely on plon

est motes. l9i: 95 ond 995-92 cosis ore

esl moles c[ frl ro :r:ro'ion ol the Puget

Sound p,ct

2 iclude5 $1,-i:: ]l10 c,, : rr+time revenue

source frcm 'rt i:.,o-rc -.r"ds Enhoncement

Relerence: Puget :,-,ro a'.t Qualif/ Authonry

t 992b



TUNDING SOURCE

87-89
Biennium

leslimobd octuol)

89-9r
Biennium

le$imoted ocruol)

9r-93
Biennium

leslimoted ocluoll

93-05
Biennium

(estimoted full imple
menlolionl

95,.47
Bhnnium

[estimoted full impl+
menlotionl

Puget Sound Gronls Progrom 0$ 0$ t $ 4,818,608

Aquotic londs Enhoncement Acct 0$ $ '1,s25,000'?
$ 0 0$

Stote Copitol Funds $ l,o49,ooo $ 414,982 0$ $ 21 ,41], ,376
Cenbnniol Cleon Woter Accounl $ 8,516,737 $ 10,469,784 $ r0,469,500 $ 9,869,500

Federol Funding Sources $ 327,56s $ r,er6,342 $ r,998,266 $ 1,306,r78

Oil Spill Fee 0$ 0$ $ 7,103,es? $ 7,103,9s2

[ocol Funding Sources $ 3,542,461 $ 6,276,304 $ 7,814,690 $ r2,r24,900
Motor Vehicle Fund 0$ $ I lo,z5o $ 4r0,750 $ 1,223,232
Permil Fee $ I ,61 8,ooo $ 2,78s,oeo $ s,309,296 $ 10,935,,150

Privole Funding Sources 0$ 0$ $ 134,236 $ s67,828

Stote Genarol Fund I 9,s}s,7s2 $ r4,14r,625 $ 20,072,150 $ 3e,230,165

Toxics Accounl 0$ $ l4o,ooo $ 703,460 $ 3,771 ,68 I

Tribol Funding Sources $ 73,384 $ 74,130 $ 493,zoo $ 466,700

FUNDING TOIALS $ ?4,632,899 $ s4,509,000 $ I I 3,829,570

$ s,058,608

$ 22,411,376

$ 9,869,500

$ r,306,178

$ 7,103,952

$ r 8,505,032

$ 1,223,232

$ 13,004,76t

$ 528,218

$ 41,n2,789

$ 4,049,160

$ 466,700

$ r 25,309,506

$ 0
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By Funding Source
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Sound

Aclions

198/.89 ccrls o{e bosed lorgelv on plon

esl,motes 1988-91 ond l99l9J cosh for

5 Cre Oqelc'es ore bos€d c1 ogercy eporls

oloctuol sperdinq '989.e o.d 1901.93
iece'o ogency onci ,r bol oro iocol gove,n.

menlcosts ore bosd on plon eslimotes.

I 99 3 95 ond I 995-97 ccsls ore estimotes lor
{r,ll imo ementotion ci the Prger Sound plon.

I These funds were node ovoioble oy the

Deportmenr of Nolurol Resources os o one
'r e 'evelLe source br wer orrs ocqu's l':"
o^d 'r\e1'c1 

-r,s w lrc're reoeotec r
luiure bienrio

Relerence Pugel Sound Woter Quoltly Aurhority,

t992b

$ 37,84e,7s3

funds to plan implementation. This earmarking makes it easier to track
agency expenditures.:ncl to ensure that the funds are efiectivt-ly trsed for
the intenr'led purposes. ln previorrs years, many state agencrei \\'crc un-
able or ur.rw,illing to prov icle .l.curatc budget information on thcir use of
plan implcmcntation clollars.

State support for plan implementation increase.d marker-llv with the 1991-
93 budget State spending on plan programs from the general funtl,
wastewater dischargc pc.rmit fees and the oil spill prevention fee climbcd
from arouncl $1 1 million tluring the 1987-89 biennium to r-rver $33 nrillion
for the 1991-93 perioil.

Tables 4.1 and 4.2 pro\,'ide summaries of plan spending and estimates of
costs of full plan im1'rlemcntation. Or.'erall plan spending is apPortioncd
in the tables accorcling to plan programs ancl ftrr-rding sources.

EDUCATION AND PUBIIC lNv0wlErvlENT

I'eople have a tremendous impact on the health of Puget Sound. For this
reason, the Authontv has placed great emphasis on education and public
involvemcnt. Educatic-rn is cntical in fostering arvarencss of the Souncl's
imptlrtance as a vit.rl regional and national resoLrrce, and in stimr-rlating
the changes in actions ancl .rttitutles needed to effectivelv protect it.
Improvecl pubhc invi-lvement is essenti.-rl ior people to participatt in and
contribute ideas antl otht'r talents to the programs and decision-making
processes that affect I'uget Sor.rnd.

Progrom Gools

o Inform, educate,.rnd i:rvoh.'e indivicltrals, groups, businesses, intlr.rstry,
and government in the cleanup.rnd protection of Pugct Sound.

.} Increase unt-lersta ncl ing of the Sound's ccosystem.

I Create the kind of cor.nmitnrt nt necessan, to sustain cfforts to intprrove
an,-i protert \1',rt('r \iu.rlitv or er llrt' long-term.

Progrom Strotecly

t Establish a public inr.'olr.'emt'nt policy to he folloived bl.agencies anci
governnlents implementing the plan.
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i Increase assistance to state agencies and tribal governments for coordi-
nated education programs on marine and freshr+,ater habitats, water
quality policy issues, and volunteer action.

O Establish field agents to coordinate among local and regional eclucation
and public involvement programs.

o Establish a Public Involvement and Education Fund (PIE Fund) to sup-
port short-term public involvement and education cfforts.

a Establish thc Prrget Sound Foundation to support long-term education
and public involvement efforts.

Progrorn Stot :
Both the 1989 and 1991 plans outlined vigorous arrd inno-
vative rvays to make education a significant part oi Puget
Sound protcction and cleanup efforts. One of the plan's
notable successes rs the PIE Fund. The legislature appro-
priated $1.1 million for the fund in both the 1989-91 and
1991-93 biennia. To date, over 100 small-scale, locallv
basecl education projects have been fundecl, ancl the re-
sults speak for tht:mselves-thousands of volunteers and
other program participants have been directly invoh,etl in
the education of t,r,er a million Puget Sound residents on
issues and actrons affecting the Sound.

In addition kr tht achievements of the PIE Fund, other
parts of the progra rr have been carried out by a variety of
public and privat!' Sroups, reflecting a growing under-
standing of the rt-rle of education in resource management.
These include the hrllowing activities:

Special Projects- fhe legislature appropdated funds for
specific edr-rcation projects, including a "Ship's Natur-
alist" program carried out in cooperation with Washing-
ton State Ferries, .r conference for volunteers and statf of
the regron's rnarine science centers, and teacher trairring
on water qualitv issues.

Education Policy-Ecology adopted an education policy
which reflects a long-range education strategy. The poli-
cv establishes a c()r)rdinated agencv education team and
reinforces ti're agency s waste reduction program which is
organized around target audiences.

K-12 Environmental Education-The State Board of
Education unanimously adopted a rule declaring environ-
mental education arr integral part of the basic K-12 cur-
riculum.

Governor's Council on Environmental Education-As
part of the trVashington Environment 2010 proicct, t1.re

governor issued an cxecutive order forming a Go",ernor's
Council on Envirrinmentai Education. The council is
made trp of the rl irectors of the statc Departments of
Ecology, Fisheries, Agriculture, Health, Energv, the
Authoritv, the Supt-rintendent of Public Instruction, the
Commissioner of l'ublic Lands, and a representative of
the Interagencv Committee on Outdoor Recreation.

Water Quality Field Agents-Working together, the
University of Washington Sea Grant Program and
Washington State University Cooperative Extension cs-
tablished water cpality field agents in Thurston, Mason,
Kitsap, and Jefferson counties, a Puget Sound coordrnator,
and a Puget Sourrel n,ater quality newsletter that publi-
cizes field agent activities.

Agricultural Education {onservation districts hired ed-
ucational staff, created videos and demonstration farms,

Evoluoting PIE Fund Aoivities

Mony people ogree thol educotion is on essen-

tiol comoonent ol onv resource monooemenl
shotegy, but few ogr6e on woys to ev;luote e+
ucotionol progroms ond their outcomes. As o
result, mony p=rogroms operote without specific
meosuroble obiectives ond with no systemotic
woy,of dete.rmihing whether o progr6m is suc-

ceedrng or torlrng.

ln order to creote useful progrom models, evolrr-

otion mehods hove been brr"lt into the PIE Fund
Droiecls. ln 1989. the Authoritu conlrocted with
br. ilor"r l-ong of Cooperotive txtension,
Woshinoton Siote Universitv. to estoblish on
evoluofi6n process ond b Jvoluote the effecfive
ness of the individuql PIE proiects ond the pro
grom os o whole.

ln its onolvsis. Lono's leom found thot oll of the
proiects ohoined fi'eir.stoted obiectives for pro
orom porticipolion. The proiecls were mosl suc-

iessful in ottinino the intended reoctions from
oorticioonls ond in otloinino fieir obiectives for
leornirig. Thirty-three perce"nt o[ the proiects ol-
toined tresired behovibr chonges omond portici-
ponls. Fourteen percenl reoched end results o[

irreservotion or enhoncemenl of woler quolity in

Puget Sound.

Lono's leom olso recommended incoroorotino
evoluolion crilerio into the initiol desiin phoie
to more effectively delermine o proiecl's'suc-
cess. Those criteiio were used in the evoluotion
of proposols for Round 5.

The PIE process hos qeneroled innovolive ond
excitino'environmentll educotion ond oublic in-
rclvem"ent progroms. Dr. long's conrribulion to
lhe orocess--o svslemolic wov to meosure lhe
oroirom's succeis-will exbn? the usefulness of
FIE 

-models 
beyond their inhnded oudiences.

Audiences ond oorlicioonts will leorn obout
Puget Sound's jricelesi resources, ond educo-
tori ond Droor;m develooers will'leorn from
their sucies#s ond foilur'es iust whot educotion-
ol technioues ore most effeciive in oreservino
ond enhohcing woler quolity in Pulet Sound

p 
u bt i c t nv otven e nt o n a u u,ofo,T !"i trllioll

Puget Sound Woter Quolifi Authority
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and co-sponsored PIE Fund projects.

Puget Sound Fund-Puget Sound Banl created the Puget Sound Fund
and provided corporate philanthropic support to many of the Sound's ed-
ucation activities and projects.

State Agency Education Programs-The state Parks
Commission developed a boater education program,
the Department of Natural Resources (Natural Re-
sources) developed a marine plastics debris education
program, and the Departments of Fisheries and Wild-
life expanded their aquatic education programs. The
Department of Wildlife is also installing interpretive
kiosks at their fish hatcheries.

All of these activities, combined with the awareness
and education brought about by other efforts, such as
the region's watershed management proiects, have re.
inforced the direction and goals of the long-range edu-
cation and public involvement strategy.

But many challenges remain. Although the Environ-
mental Education Resolution mandates enrrironmental education as part
of basic education, the Superintendent of Public Instruction (SPI) has not
received adequate funding to carry out its responsibilities under the
Puget Sound plan. Substitute reimbursement for districts, identified as a
"cost of doing business" in effective teacher training in environmental ed-
ucation, has not been funded by SPI or agencies that conduct teacher
training workshops as part of their agency environmental education pro.
$ams. Interpretive programs in the Departments of Fisheries, Wildlife,
Natural Resources, and State Parks are not coordinated. However, the
state and federal fish and wildlife agencies are coordinating training for
aquatic resources, education, and hatchery interpretation. Although
Point Defiance Aquarium, Snake Lake Nature Center, the Poulsbo Marine
Science Center, and Nisqually Reach Nature Center have received fund-
ing for major capital improvements, other marine interpretive and educa-
tional centers need capital improvements.

Municipal and industrial facilities dischgrge an array of contaminants to
Puget Sound. While efforts to control and treat conventional pollutants
are generally proving successful, keeping up with the increasing amount
of wastewater produced by the region's growing population is not an easy
task.

Prcgrom Gool

o Improve the control of toxic and conventional contaminants discharged
to Puget Sound by industries and municipal-ities, thereby reducing and
evenhrally eliminating harm from such contaminants.

Progrom Strotegy
o Require that all waste discharge permits include appropriate monitor-

ing requirements and limitations on toxicants and other pollutants of
concern.

<) Develop the tools to make these permit improvements, including the
permit writers manual, data management, lab support. quality assur-
ance, spill control, technical assistance and kaining, and public involve-
ment.

o Allocate substantially increased resources to urban bay action teams
and the pretreatment of industrial wastewater before it enters public
sewa8e treatment plants.

o Devote substantially increased resources to the inspection and enforce-
ment of waste discharge permits for industrial and municipal discharges.

Sound

Actions

ril
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<) Identify and control unpermitted discharges.

Progrom Stqtus

Despite decades of attention to point sources of pollution, the conhol of
contaminants from municipal and industrial facilities continues to gener-
ate a number of critical and complicated issues. These include efficient
administration of the permit prognm, the backlog of unpermitted and il-
legal discharges, slow progress toward controlling toxics,
and appeals of permit requirements by major dischargers.

To address these challenges, Ecology is working on the
following:

liYater Quality Standards-Ecology drafted revisions to
the state water quality standards (Chapter 17$203 WAC)
in 1991. The revisions include updated criteria for toxic
compounds contained in EPA's Quality Criteria for
Water, an updated antidegradation policy, wetlands
water quality criteria, language darifying the use of toxic-
ity testing and biological assessments, and the develop
ment of a human health risk level for setting limits on
carcinogens in water. These added provisions will help
control toxics and other pollutants discharged by indus-
trial and municipal facilities. Adoption of the rule has
been delayed until later in 1992 due to controversy related
to the wetlands water quality criteria.

Sediment Management Standards-Ecology adopted
Sediment Management Standards in March 1D1. The
rule includes sediment impact zone criteria and a corre-
sponding review process, both of which have been inte-
grated into the permitting process. EPA approved the
rule under the federal Clean Water Act. The rule is dis-
cussed in greater detail under the Contaminated Sedi-
ments and Dredging Progam in this chapter.

Wastewater Discharge Permits-ln December'190,
Ecology proposed revisions to the Wastewater Discharge
Permit Fees rule (Chapter 173-224 WAC) that would in-
crease perrnit fees to fully recover eligible permit program
costs as required under the authorizing statute (Chapter
90.48 RCW). During the 1991 session, the legislature
raised the municipal fee cap from five to 15 cents per
household each month. This will allow for the use of a
sliding fee scale by municipalities, depending on their
size, and will place a more equitable portion of the finan-
cial burden on municipalities rather than industries. The
1991 legislative action also established a $7.5 million
statewide annual permit fee cap.

Concern about efficient use of the permit fees and
Ecology's overall administration of the program continue
to be prominent issues. There remains a backlog of expired
permits and unpermitted disdnrges. In 1990 Ecology
asked the Governo/s Efficiency Commission to prepare a
sfudy of the agency's wastewater discharge program. The
study concluded that,"unless the effectiveness of water
quality program m.uurtement is significantly increased
and the efficiency of the wastewater discharge permit pro-
cess significantly improved, comprehensive program ser-
vice levels cannot be attained with the projected $18.5
million cost estimate.. .current services will continue to be
inadequate to meet the state's water quality mandate..."
(Washin$on State Committee for Efficiency and Account-
ability in Government, 1990).

Two of the most significant issues in this program are
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toxic limits and monitoring requirements in discharge per-
mits. Although the phase-in of these added permit condi
tions over the past two years has been relatively slow,
Ecology continues to make significant progress with cer-
tain groups of permits. Many of the added conditions
were appealed by a number of major dischargers. Liti-
gation related to permit conditions has delayed implemen-
tation of several plan elements. In cases where new permit
conditions are appealed, the old, less restrictive conditions
remain in effect when the Pollution Control Hearings Board
grants a stay.

The following is an overview of other key elements in the
Municipal and Industrial Discharges Program:

Public Involvement-The plan requires meaningful pub-
lic involvement in wastewater dirharge permit decisions
as well as technical outreach to the regulated community.
Outreach to dischargers was funded in the 1991-93 bienni-
um and is planned for the coming years. Ecology recently
released a stratety to improve its efforts in these areas.
The department has established permit coordinator posi-
tions and a toll-free telephone line to provide public access
to the permitting process and related discharge issues.

Permit Writing-The permit writers manual, an important tool for im-
proving the permit program/ has been drafted by Ecology and is in use.
Completion of the manual has been delayed for reasons that include the
challenges of a rapidly changing program, resource limitations, and litiga-
tion by dischargers of permits containing new biomonitoring conditions.
Training sessions and technical assistance for permit writers were also de-
Iayed by the litigation, but have resumed.

Enforcement-Ecology has issued an enforcement policy manual to be
used by staff, and the department is conducting enforcement training on a
regular basis. Ecology also publishes a quarterly enforcement trend re-
port which indicates that higher penalties are being assessed and dis-
chargers are increasingly attentive to the need for compliance.

Data Management-The complexity and volume of data have greatly in-
creased over time. Permit writers, managers, and the regulated commu-
nity have difficulty obtaining timely and complete information. Ecology
is upgading the data management system, but at a delayed pace due
largely to limited resources.

Inspections-Although Ecology has conducted certain types of inspec-
tions at frequencies that meet or slightly exceed Puget Sound plan re-
quirements, some types of inspections have fallen far below plan targets
due in part to limited resources. Policies for unannounced Class I inspec-
tions have been developed, but the rate of inspections may be further
slowed if implemented according to the schedule proposed by the Effi-
ciency Commission study rather than the Puget Sound plan. Inspections
have occurred frequently in some areas around the Sound through the
Urban Bay Action Program.

SIORIIIWAIER AND

Both nationally and in Puget Sound, stormwater remains one of the most
poorly managed sources of pollution. Many valuable stream corridors,
other aquatic habitats, and private and public prope*y are damaged by
unmanaged stormwater runoff .

In contrast with the major municipal and industrial sources, stormwater
and combined sewer overflows have only recently received close atten-
tion as significant sources of pollution. Realizing that there are no quick
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fixes to stormrvatt r runoff problems, the plan takes a long-term approlqtl
.rnd aims to avoicl , i f possible, end-of-the-pipe controls.

Progrorn Goc s

o Protect shellfish beds, fish habitat, and other resources.

i Prevent the contamination of sediments from urban rtrnoff and com
bined scrver overflows.

i Achieve standards for water and sediment qualitv by reducing and
eventuallv elirninating harm from stormrvater n"uroff and combined
seu,er overflorvs throughout the Puget Sound basin.

Progrom Strc"egy
r) Require cities arrd counties, in conjunction witl.r grorvth

management relluirements, to clevelop progr.rms to
prevent and manage stormwater runoff through source
control and best management practices.

o Develop municipal stormlvater National ['ollutant
Discharge Elimination System (NPDES) permits which
incorporatc besl management practices for the Sound's
largest citics antl counties, and phase in permits for
smaller jurisclictions as additional federal regtrlations
are developed.

t} Providc teclrnical assistance through a state tt'chnrcal
manual, model ordinances, and training for local gov-
ernments.

t Requirc m.rnagtrnent of highway runoff.
t Itequire all cities rvith combined sewer overflon's in tl-re

Puget Sound basin to develop and implcment plans
providing for tl-re greatest reasonable reduction of over-
flow, cvents.

Progrom Stot, r,

-1 
"i.1 j- , rt.

This program approaches the stormwater problem in a

comprehcnsive ll.rnner, focusing on best managenlent
practices, eclLrcation, and techr,ical assistance as the prre-
ferred mcthods to control runoff. The emphasrs rs on
source control and best management practices bccause
keeping pollutants out of stormwater and using natural
filtration is much cheaper than dealing with polluted dis-
charges after thel' are washed into lakes, strear-ns, and
Puget Sotrncl Tht' program also emphasizes the rreecl to
maintain stormr4,a ter iacilities. Ecology is directcd to r1e-
,u'elop techniral grr iclance and provicle ongoing assist.]nce
to facilitate the der elopment of stormwater programs.

All cities and counties in the basin are required tti have
basic prc.,'er.r t.-r tir.e stormrvater programs in placc by'lulv
1994. This coincitles with growth management planning
cleadlines. In area. that arc alreadv urbanized, the plan
ac'lditionallv reqtrires local governments to identify ;rncl
address existing stormh'ater problems. For norv, urban
areas required to tlevelop more comprehensive programs
include Seattle, Tacoma, and unincorporateri King.
Snol.romish, and Pit:rce counties.

Federal NPDFIS regulations are alsr'r driving the dt:velop-
ment of local stormrvater programs. Currently, the
NPDES program applies onlv to the fivc most urbanized
counties. The lan, prohibits non-stormlvater discharges
to storm se\^,ers, rclluires controls to reduce the discharge
of pollutants to tho maximum extent practicable, and sub-

Coondinoted Siormwoler
tlonogement in ftrursion County

Thurston County qnd fie cities o{ Locey,

Olvmoio. ond Tumwoter ore clustered'ol lhe
ro,ithirn end o[ Puoet Sound. Our iurisdiclionol
boundories overloy o tongle of streoms, lokes,

ond oouifers<n inteoroied freshwotei svstem

which inu-st be monogfid occordingly. Without
o ioint ettorl, one iurisdiclion might protect o

skeqm for lhe I Gyeor slorm event while iusl
downstreom on oiJiocent iurisdiction orovides
prolection for the 25-yeorevenl. Or'perhops
stormwoter quolity keotment is required in one

iurisdiction o'nd nh in onofier.

Recoonizino the need for ioinl stewordshio. co
ooer;tion imono the four'iurisdictions hoi in-

cieosed over lhe"veors lo where we now hove
o stonding corriltee monoging olmosl o 

.

dozen proiecls. Progrom monogers from the
four iurisdictions meel weeklv to review oro
or"ri on iointlv funded oroie:ls. to olon strote
Eies for frndino ond im;b;enhtioi of cooilol
iroiects. ond d monitoi the success o[ the'oro
broln. ln oddition. lhe four oublic works direc-
iors meet once o monlh to o'rovide brood
direction to the slormwoler'pr.ogror

The coooerolive ooorooch includes shorino shff
ond monooement tdbnts. oront funds. sooie lor
oroiecl coi'skuclion. ond'tHe burden o[ writino
i"eininolu endless interlocol ooreements. SloT
hove o[s6 formuloted some roiher sophislicoted
oolicies for decidino eoch iurisdiction's shore of
ihe costs. includino'fiow to'hondle iointlv fund
ed oroiects which"mov be onnexed to o'sinole

lurildiition ot some p6int in the future.

Continuous communicolion, onother mechonism
thot mokes it work, will soon include computers

in fie four iurisdictions linked bv ohone lines ol-

lowino lor buicker communicotibri ond file
honsfErs. Blt orobobfu fte sinole biooest foctor
for the oroorom', ,r..ls is the"foct ih-or snff
ruly wdnl ii to work. This common vision kon-
scehds boundories which otherwise might stond
in the woy.

-Ihomos Holz. Desion Enoineer,
fhurston Counly Deporlnet of FublicWorks

E
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jects industrial stormwater sources to best
available technology/best conventional
technology-based standards. Ecology is
the delegated state atenry that adminis-
ters the NPDES program. Additional fed-
eral regulations for smaller iurisdictions
are likely within the next two years.
Smaller iurisdictions will be affected to
the extent that industries within their
boundaries may be subject to NPDES reg-
ulations.

To address issues identified in the Puget
Sound plan, Ecology adopted a highway
runoff rule in June 191. This regulation
lays the framework for the Washington
Department of Transportation's (Trans-
portation) program to control runoff from
state highways in the Puget Sound basin.

ln summary, the rule requires Transportation to adopt a stormwater man-
agement manual; develop and implement a vegetation management pro-
gram with emphasis on reducing the use of roadside chemicals;
incorporate water quality best management practices into all new con-
struction projects; and inventory the existing highway system and set pri-
orities for best management practices.

Combined Sewer Overflows
The other major part of this plan program addresses combined sewer
overflows. In 1985, the state passed legislation requiring all municipali-
ties with combined sewer overflows to develop plans for the greatest pos-
sible reduction at the earliest date. The legislation required submittal of
the plans by January 1988. Ecology developed a companion regulation
(Chapter 1,73-245 WAC) and combined sewer overflow reduction guide.
lines to help implement the program. In a 1987 report to the legislature,
Ecology defined "greatest reasonable reduction" as one overflow per year
at each overflow location. tn addition, Ecology has negotiated interim
goals of 75 percent and 79 percent reductions of combined sewer overflow
volumes systemwide over the next 20 years with Metro and Seattle re-
spectively. There are currently 141 combined sewer overflow sites in
Puget Sound, down from 1,70 in 7987 (Ecology, 191).

As of August 1991, combined sewer overflow reduction plans for Seattle,
Metro, Bellingham, Everett, and Anacortes had been approved. Ecology
had written administrative orders extending the submittal dates for five
other jurisdictions. The city of Port Angeles has submitted its pla-n to
Ecologp and the cities of Olympia, Bremerton, Mount Vernon, and
Snohomish were at various stages of monitoring and plan development.
Iurisdictions are required to update their plans every five years.

CONIA'[INATED

Many of the contaminants entering Puget Sound are not flushed out to the
ocean, but instead remain in the basin's bottom sediments. For this rea-
son, the sediments in Puget Sound are often more contaminated than the
water itself. This poses the greatest threat to sea animals that feed and
live in the sediments and. in turn, to birds and mammals that eat those sea
animals.

Progrom Gools

o Reduce and ultimately eliminate adverse effects on biological resources
and humans from sediment contamination throughout the Sound.

Sound
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Prcgrom Strotegy
o Reduce or eliminate discharges of toxic contaminants.
o Cap, treat, or remove contarninated sediments.

t Classify sediments with adverse biological effects and significant
human health risks.

t Control sources of contaminants causing sediments to fail the state
standards.

o Establish rules and sites for disposal of dredged materials.
o Expand Ecology's Urban Bay Action Program to provide additional

source control and to consider cleanup actions for existing areas of high
sediment contamination levels.

Progrom Stotus
Major portions of the 1987 and 1989 Puget Sound plans
focused on the Puget Sound Dredged Disposal Analysis
Program, a cooperative effort involving the U.S. Army
Corps of Engineers, EPA, and the state Departments of
Natural Resources and Ecology. Representahves of these
agencies developed procedures to evaluate sediments
and establish sites for the unconfined, open water dispos-
al of dredged sediments.

Sediment Monogement Stondords
Building on these accomplishments, Ecology adopted the
Sediment Management Standards in March 191. The
rule is a significant milestone in implementing the sedi-
ment policies of the Puget Sound plan. The main compo-
nents of the regulation are as follows:

Sediment Quality Standards-The regulation establishes
quantitative limits for 47 chemicals. A sediment sample
that exceeds one of the criteria may undergo direct bio-
logical testing to see if it causes any adverse biological ef-
fects.

Source Control-The standards are used to conhol sedi-
ment contamination from ongoing, permitted sources.
Where dischargers use best available control technologies
but still exceed the standards, sediment impact zones
may be established. To quali$ for this provision a dis-
charger would have to use best management practices, in-
crease sediment monitoring in the discharge area,
manage the impact zone, and submit a cleanup plan for
the impact zone once its use is discontinued.

Sediment Cleanup-The regulation establishes a process
for identifying and ranking contaminated sediment sites
for cleanup. It also establishes cleanup standards for ac-
tions conducted under the Model Toxics Control Act and
related rules.

The standards address the ecological effects of contami-
nation on marine sediments in Puget Sound. Ecology
plans to amend the regulation at a later date to address
human health and freshwater sediment criteria (Ecology,
't991).

Standards for the confined disposal of sediments are
being developed by Ecology in a separate rule. The con-
fined disposal standards will be used by Ecology, shore-
line jurisdictions, and local health departments in
approving or denying permits for the use or disposal of
material that does not meet unconfined disposal stan-
dards. The rule is scheduled for adoption in summer 192.



An Ecology study concluded that mulliuser confhed disposal sites are ur-
gently needed and that the demand will only increase as the volume of
contaminated material increases. Issues identified for further study in-
cluded siting, funding, and institutional arrangements, as well as liability.
The issue of liability may require added legislative or regulatory atten-
tion.

The Contaminated Sediments and Dredging Program also requires Ecol-
ogy and other state and federal agencies to investigate sites and conduct
cleanup- As part of this effort, Ecology now maintains an inventory of
Puget Sound locations that violate sediment standards.

Areas inveshgated for contaminated sediments indude portions of Com-
mencement Bay, Elliott Bay, Everett Harbor, Sinclair/Dyes Inlet. and
Budd Inlet. Much of the work is conducted under Ecology's Urban Bay
Action Program. Action plans are being implemented for Elliott Bay,
Commencement Bay, Lake Union/Ship Canal, Everett Harbor, and Sin-
clair Dyes Inlets. Plans are being developed for Budd Inlet and Belling-
ham Bay.

These investigations have resulted in a number of sediment cleanup pro-
jects around the Sound. As part of a Superfund cleanup project, contami-
nated sediments have been capped along the St. Paul Waterway of
Commencement Bay. Simpson Tacoma Kraft (formerly Champion) is the
first site in the Commencement Bay Superfund area to be considered
clean by EPA. A cleanup program in Elliott Bay includes the removal of
sediments from drains and planning for both combined sewer overflows
and municipal wastewater treatment facilities to reduce effluent toxics.
Metro has expended considerable effort to identify and conhol sources
near the Denny Way combined sewer overflow. Contaminated sediments
at the Denny Way site have been capped with clean sediments as part of a
pilot project to assess how effectively capping isolates contaminants from
benthic organisms, fish, and the water column.

The growing amount of nonpoint source pollution resulting from growth,
development, and the day-to-day activities of the basin's citizens is de-
grading the resources of Puget Sound. Polluted runoff from parking lots,
highways, pastures/ Iogging sites, and failed septic systems is a significant
source of pollution in the basin.

Progrom Gool
o Reduce the amounts of pathogens, toxics, sediments, and nutrients en-

tering Puget Sound from nonpoint sources, and where possible prevent
them altogether.

Progrom Strotegy
,) Develop and implement local watershed management plans through a

collaborative process involving state, federal, and local resources.

o Supplement watershed management plans with education and preven-
tive programs.

t Develop or enhance state programs and regulations for those nonpoint
sources that are most effectively controlled at the state level.

Progrom Stotus

The heart of the Nonpoint Source Pollution Program is the local water-
shed action protram, which involves the public in the development of a
plan to effectively identi$z and control the pollution sources in their wa-
tershed. The Authority adopted a rule (Chapter 400-12 WAC; revised
November 1991) to guide local governments in the watershed ranking,
planning, and implementation process.

Sound
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In the Puget Sound region, 130 watersheds have been identified and
ranked. Twelve watershed plans are being implemented in nine Puget
Sound counties. Another 20 plans are in various stages of development
(Figure 4.1). All Puget Sound counties are now participating in the water-
shed planning process. Nearly $16 million from the Centennial Clean
Water Fund has been used to support watershed planning and implemen-
tation, along with some federal and local assistance.

The watershed program has been hig y successfirl in generating a great
deal of enthusiasm among local governments and citizens for controlling
nonpoint pollution problems. The educational aspect of the program has
been working well, with vvatershed tours, workshops, stream team activi-
ties, PIE Fund projects, and public participation in the planning process
all contributing to a growing sense of stewardship for local bays, sheams,
and the Sound.

Another success has been the creation oI local loan progtams for nonpoint
source pollution. Following |efferson Count5/s lead, five other Puget
Sound counties-San Juan, Whatcom, Thurston, Mason, and Clallam-
have obtained loans from the State Revolving Fund, administered by
Ecology, to provide local property owners with low-interest loans to ad-
dress a variety of nonpoint problems, ranging from the repair of septic
systems to the installation of agricultural best management practices.

Figure 4.1 Slotus o[ Pugel Sound

Wotershed Plons



Growth ilomgemenl ond Worershed
Plonning: Bringing the Pieces

Along rvith the manr. p()siti\.t rcsults, the lvatershecl prograrn.rlso faces.r
number ol serious c)rallt:r.rgts. One of these is the prol'rlt-nr r rf iirnitccl
funding. E.rch year, rrnlv l(l per.ent of the Centenrrial Clean !V.rtcr Funcl
can be allt.rcateLl for 11()npoint s()urct, grants statervitle. This is too Iittlt'
nlonev to help sustain both the development anrl imple'mcntation of the
gror,ving number of rr atershecl plrrrs. Anotht'r problem is that local gor'-
ernments are irrcreasinglv burdenecl ,'vith multiple plannir-rg rcqlrirL'ments
for grolvtl'r nl.r nagcr.nr'r1i, floocl control, stornrwater n1.rr-r.1gL.nl<: nt, Anrl
othcr public prLrgrams, Frlacing cxtrr'nre dem.ruds on local resources anrl
voluntecrs. Finalh.', there is a sroh'i11g impatience rvith this tvpe ot ap-
proach because of thc tinl('lag betlveen planning and actual rvatcr qualitv

improvt'ments. 'Io hasten at least development of the
plans, tlre Authoritv rtvised the watershetl [rlanning rul(.
in l99l to streamline the planning procLrss .rnd to make
the prrrgr,rrr less burrl!.nsome for local go!ernrnents.

ln acldition to the u,atcrshed program, this program acl-

dresses a number of nonpoint issues on a Soundn,itle
basis. Efforts to addross thest'issues include:

Dairy Waste D.rrrv ',vaste managcment plans are heing
implcmenterl in priority rvatersht ds with hclp from the
Soil C'onservation Service as wc'll as federal funcling
under Section 3l 9 of the Clean Water Act. The trVashing-
ton Consen'ation Clommission provides grants to conser-
vation clistricts to assist with this work. In acldition,
Ecolrqy is cleveloping a waste disch.-rrgc pcrmitting prt>
gran) Ior crrmr-nercial dairv operators.

Septic Systems-Thc' Department of Health is revising
state regul.ltions for on-site septics, but has encountered a

nunrhr,r of budgetarv arLc-l legal tlelavs.

Pesticides-The prlan tlirects lV.rslrington St.rte Univer-
sitv Cooperati\.e Ijxtension to dcsign pilot pesticide usage
sur\;c\'s ior selecterl r,r'atersheds, and to establish, rvith
the.rssistance of othcr designated agencies ancl an advi-
sory group, a Puget Sound Pest Management Information
protir,)nr. No state funcling has yet been .rlloc.rtcd to
ach it'r'r this.

EPA, through a cooperatir.'e agreer-nent n,ith thc
Authorit!, Ecology, Cooperative Extension, ancl the De-
partnlcrlts of Health ancl Agrictrlture, is funding a num-
ber ol. prr:iects that address urban pesticiries statervidt',
u'ith sonre iocus on Pr.rget Sound.

Forestry-'l he State Forest Practiccs Board is considering
thc acloption of several regulations dealing with the im-
pacts of fort'st actrvities on rvater qualitv antl habitat.
These are being re','ir'n,cd using the Timber./Fish,/Wilcllife
Agrccment as the basis for negotiations.

Boating The Statt- Parks anci l{ecreation Commission
(Park.') has tl'Le le.ad for most of the plan's marina ancl
boating elerlents. P.rrks opcratr's an enl'ironmental eclr,r-

cation program for boaters devclopcd vvith the assistance
of a Puget Souncl boaters' task force. Additionallv, Parks
has installed pump()ut stations in five priority state parks
and has func'led the installation of fivc other pumpouts in
privatr marinas around Puget Sound througlr a ncrv
seivage pumpout grants program. This grants progr.lm
lvas tst.rblished through legislation that the boaiers' task
force helped develop.

EPA and thc r\uthtrritv provided mouey through a PIE
Funcl pnrject to rlesign, construct, and install portable
punlpc)Llt units in sel'en marir.r..rs, and to cducate boaters

Iogether in Whohom County

A diversitv of ooorooches ore beino token bv
counlies tl, .orply with the mondoies o[ the'
Growth Monooement Act. For our oort in
Whotcom, Cou"nty, os we sort throudh the criticol

' qreos ond noturol resource oreos, we hove

been inpressed.with.the overlopping ond inte
groted nolure of eoch elemenl.

Needless to soy, our eorly efforts to lit lhese
pieces into neoi, selfcontoined regulotory boxes
hor. p,or"n difficull. For instonci setlin'q oul
to idehtifv isoloted wetlonds hos become o relo-

tivelv fruitless exercise. We hove discovered
few wetlonds in Wholcom Coun[ fiot ore lruly
isoloted. ln most coses. thev ore'oort o[ o lorci-
er wetlond {ond wildlifd} syitem, ilowly releosY

ino woler to lhe counlv's fiousonds of 
'smoll

strioms ond droinoge'ditches.

As we inventory criticol ond noturol resource
oreos. we ore iediscoverino fie reoion's dvn-
omic ond inteoroled 

".oruitr.r. 
lor exoriole.

we ore leorni;o fiot fte heohh ond $obiliM of
lowlond svstem"s ore dromoticollv imoocbd bv
the deore6 of stobiliv in the forelbd'uolond '

oreos."h is not odeq'uote lo oddress thLm sepo-
rotely.

ln resoonse. we ore oDoroochino the invenlorv.
os well os the develoiment of pdlicies ond re{u-
lotions, in o comprehensive monner. For in-

slonce. we hove odooted wobrsheds os our
fundomentol environrirenlol olonnino unils.
Bosin olonnino will ollow ,J to ,orE reodilv in-

ventorl svsteri's rother thon individuol oorti of
the wdteished, ond will enoble us to ossess the
cumulolive impocis of existing ond fulure lond-
use oclivities.

Like monv other rurol counlies. we ore slruo-
olino to Jul lhe oieces tooether. But we believe
ile toue'found I course 6f oction lhol we con
build uoon in veors lo come; one thot is soundlv
rooled in both'environmentoi ond growth mon-'
ogemenl.

-Terry Golvin, Assistonl Plonner,
Whotcom County Plonning Deportne
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on the importance of using pumpouts. The Authority is now considering
how to expand the pumpout program to speed up the installation of
pumpouts and other methods for disposal of boat sewage. The plan di.
rects Ecology to develop guidelines under the Shoreline Management Act
on standards for the siting, design, renovation, and expansion of marinas,
but the agency has not received funding to do this. Ecology is requiring
local governments that amend their marina programs to include require-
ments for best management practices, education programs, and sewage
pumpout facilities.

Shellfish are important symbols of the region's heritage and quality of life,
evidence of how well we are caring for the basin's natural environment.
Shellfish accumulate certain contaminants as they filter food from the wa-
ters of Puget Sound. For this reason they are key indica-
tors of the basin's health-in essence, "the canary in the
mine."

Progrom Gools

o Protect water quality in shellfish growing areas.

O Prevent contamination of commercial and recreational
shellfish beds so that shellfish are safe for human con-
sumption.

t Reduce contamination of shellfish beds sufficiently to
allow reopening of at least one shellfish bed each year.

Progrom Strotegy
r Adopt policies to ensure that pollution source control

protrams protect shellfish.

O Respond to existing and potential shellfish contamina-
tion with an aggressive restoration and protection pro-
gram.

a Monitor commercial and recreational shellfish areas for
toxic contaminants and indicators of pa.thogenic organ-
isms.

o Increase public involvement and education in shellfish
protection.

Progrom Stotus

The Shellfish Protection Prograrn provides a comprehen-
sive approach for restoring commercial and recreational
shellfish beds throughout the basin and for preventing fu-
ture closures. Over the past few years, the program has
led or contributed to a number of actiwities, induding the
following:

Monitoring-The Department of Health is conducting a
monitoring program in commercial and recreational
shellfish areas. The Authority has sporuored citizen mon-
itoring projects through such gtoups as Adopt-A-Beach.

Responding to Downgrades-The Deparhnents of
Ecology and Health are workint on an interagency agree-
ment that will govern their response to downgrades in
the classification of commercial or recreational shellfish
beds, including a strategy for correcting the contamina-
tion sources.

Recreational Shellfish-Ecology and Health are develop
ing a recreational shellfish protection plan with the help
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of a number of parties.

Watershed Management-Seven of the fust 12 wa-
tershed management plans, all of which have been
approved by Ecology, address pollution problems
in areas with important shellfish resources.

Priority List-Ecology and Health have developed
a list of priority conrmercial and recreational shell-
fish beds that are threatened by pollution.

Public Education-The Departments of Ecology,
Health, Fisheries, and Nahrral Resources, the
Washington Sea Grant Program, and the Authority
have set up an innovative outreach program to edu-
cate the public on shellfish protection and to pre-
vent the harvest of contaminated shellfish. This
includes the annual Low Tide celebration and Asian
Ianguage information materials.

Restoration-EPA funded a shellfish bed restora-
tion project at Penrose State Park.

While some progress is occurring, the Sound's productive shellfish beds
are increasingly threatened by pollution from the basin's growing popula-
tion and changing land uses. Unless pollution control progr.uns are im-
plemented more quickly and aggressively, current efforts to protect
shellfish may not be enough to forestall future dosures. Not only have no
shellfish beds been reopened, but the Department of Health closed two
more conunercial shellfish beds in spring 1991 and a number of other clo-
sures may be forthcoming in 1992 if corrective actions are not taken soon
to reduce or prevent further contamination.

A key part of the plan's shellfish protection strategy-local government
shetlfish protection programs-remains largely unimplemented. This
strategy is designed to provide state Brants and technical assistance to
loca1 governments for on-the-ground proglams to protect priority shell-
fish beds in areas not scheduled to participate in the watershed m.rnage'
ment program for at least two years. The local programs, in turn, would
identify and correct problem sources such as failing septics, farm wastes,
and stormwater outfalls. They wou-Id also assess the need to revise local
land-use ordinances.

Two important initiatives are underway that should help foster this type
of local action. The first involves state shellfish protection legislation
drafted by the Authority and signed into law in "1992. This legislation re.
quires counties to create a shellfish protection district and establish a pro.
gram within 180 days of a pollution-related shellfish bed closure or
restriction. Formation of a district will enable local financing for the pro.
grams tfuough sources such as tax revenues, inspection fees, charges or
rates, or grants. furisdictions with shellfish protection districts will also
receive priority consideration for state water quality funding. The second
initiative involves a short-term program developed by Ecology to provide
financial and technical assistance to local governments to clean up and re-
store priority shellfish areas. Grant recipients, to be selected in summer
7992, wtll have to develop a long-term strategy for funding shellfish bed
protection and restoration by, for example, establishing a shellfish protec-
tion district.

The household chemicals we use and throw away---<osmetics, cleansers,
paint thinners, and pesticides-are all potential sources of pollution to
Puget Sound.
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Progrom Gool
o To help guide the cooperative efforts of Ecology, Washington State
University Cooperative Extension, and a number of other agencies and
groups to educate homeowners and retailers on household hazardous
waste issues, less toxic alternatives, and the proper use and disposal of
pesticides.

Progrom Stotus

A major part of this program-the phased funding of local hazardous
waste management plans, as outlined in the Puget Sound plan-has been
completed. All 12 Puget Sound counties have prepared hazardous waste
management plans and are in various stages of implementation.

The other major part of this program is ongoing education coordinated by
Ecology, Cooperative Extension, and the Authority. However, these ac-
tivities were not funded for the 191-93 biennium.

Ecology has received enough money to support a limited number of edu-
cation services, including a recycling hofline, fact sheets and other educa-
tional materials and publications, and technical assistance. AdditionaUy,
Ecology plans to host workshops to train local staff on household haz-
ardous waste issues.

Cooperative Extension staff also provide inlormation on the proper use
and disposal of pesticides through their Master Gardener program. They
continue to update information developed under the Sound Gardening
project and distribute this material statewide. (Sound Gardening was a
PIE Fund project initiated in King County.) Additionally, they are devel-
oping a manual on best management practices for commercial pesticide
applicators.

Staff from Cooperative Extension, the Authority, and the Departrnents of
Ecology, Agriculture, and Health are participating in an urban pesticide
steering committee organized by EPA, Region 10. The committee is ad-
dressing pollution problems resulting from the application, storage, and
disposal of pesticides and fertilizers in the urban environment. So far, the
committee has directed EPA funding to six pesticide education projects
and has hosted a summit addressing critical urban pesticide issues.

As in other areas of the counky, Puget Sound wetlands are being altered
and destroyed to make way for a variety of activities and land uses. The
plan's Wetlands Protection Program is designed to ensure that federal
and state agencies, and local and tribal tovernments establish coordinat-
ed programs to protect wetlands.

Progrom Gools
i) No net loss of wetlands function and acreage in the short term.
r) A measurable net gain of wetlands function and acreage in the Puget

Sound planning area in the long term.

Progrom Strotegy
O Identify and preserve fugh quality wetlands.
t Help local govemments develop effective wetland protection protrams

that tie into the goals and plannint proc€ss of the Growth Management
Act.

O Develop and implement a program for protecting wetlands on state-
owned uplands and aquatic lands, including nearshore habitats.

o Develop and implement a long-range wetlands education strategy.

o Develop and implement a strategy to inventory wetlands and track
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wetland conditions.
t Develop and implement a strategy to improve interagency coordina-

tion.

t Develop and implement a program to restore selected wetlands.

Progrom Stutus

ln September 1991, the Authority adopted the local
govemment wetlands protection program into the
Puget Sound plan. The Authori!/s program rec-
ommends integrating regulatory and non-regula-
tory components such as comprehensive planning,
preservation, education, and restoration into local
comprehensive protection programs. The pro-
gram also incorporates Ecology's model wetlands
protection ordinance, which provides standards
for local govemments to use in developing their
wetland regulations. These recommendations are
consistent with the requirements of the Growth
Management Act, which is discussed later in this
section.

The 1987 and 1989 versions of the plan directed
Ecology and the Department of Natural Resources
(Natural Resources) to develop criteria for identi-
fying wetlands and to compile a list of high quality
wetland sites nominated by citizens. The legisla-
ture appropriated $1 million to Natural Resources
in the 191-93 biennium to acquire wetlands from
the nearly 5,000 acres of wetlands on the list.
Private organizations such as The Nafure Conser-

vanry and local land trusts are also active in wetlands acquisition.

Public education efforts have been very successful on a number of fronts.
Ecology has produced brochures, classroom materials, vidms, and book-
lets on wetland functions, preservatiory and regulations, and a landown-
e/s guide to wetlands protection. Ecology and King County have
completed a wetlands preservation guidebook for local governmmts. PIE
Fund projects have produced slide shows, seminars, and newsletters on
wetlands, and have generally raised awareness in several communities on
wetlands issues. Grants from Ecology have helped local govemments
provide materials and presentations to the public on wetlands. Budget
cutbacks in the 1991-93 biennium have reduced wetlands education pro-
trams.

In April 1990, the govemor issued an executive order (90{4) directing all
state agencies, within available resources, to use their authority to help
implement applicable portions of the plan's Wetlands Protection
Program. The order directed Ecology to develop statewide policies and
standards for a wetlands rating system, mitigation, buffers, restoration,
and enhancement. State agencies were to adopt these policies and stan-
dards as part of their State Environmental Policy Act policies. Agencies
were also directed to condition or deny development permits, to the ex-
tent legally permissible, to assure wetlands protection. The Authority
was directed to continue its efforts to ensure full implementation of the
wetlands elements of the Puget Sound plan.

In spite of these actions, the state of Washington still does not have com-
prehensive, statewide Iegislation for wetlands protection. The state's
Shoreline Management Act regulates only shorelines and associated wet-
lands, meaning that upland freshwater wetlands generally .ue not cov-
ered by any state regulation. The responsibility for wetlands protection
has fallen on local goverrments, acting under the requirements of the
1990 Growth Management Ac! to develop protection programs for criti-
cal areas.

Growth management planning provides a major opportunity to improve
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wetlands protr.ctir)n in the Puget Sounc'l region. Local
governments are rt,t;uired to enact interim regulations for
critical area protection, to prepare comprehensive Iand
use plans n,hich incorpcrrate critical areas protection bv
1993, and to adolrt tinal regulations lor critical arr\as pro-
tection by 199.1. Bet'ause therc are no minimum standarcls
required stater,vide. the result may be inconsistcnt region-
al wctland protecti()n lvith each local govcrnment choos-
ing specific stantlards and implementing therr own
ordinanccs. A fer" local go\.ernments, such as [sland,
Thurston, and Kin,q counties, have had well-developed
rvetlands protecti()n ordinances for some timc; Irolvever
most have not.

Urton Boy Aclion Progrom Iorgets
!oto! Pollution Problems

The Urbon Bov Aclion Proorom orovides o oeo
oroohicol foctis to oollutioX conirol ond cle,o'nuo

[or Fuoet Sound urbon bovs. The oroorom cur:
renilyTncludes Commencement Boy, EIliofl eoy,

Loke Union, Sincloir/Dyes lnlets, Bellinghom

Boy, Everelt Horbor, orid Budd lnlet. Eiologyt
Toxics Cleonup Progrom oversees the progrom.
For eoch bov incluJed in fie prosrom, o ieom
of stole ond'locol ooencies d6vel6os ond imols
menh on oction olo"n. These leomi ore referied
lo os urbon bov bction teoms (UBATSI Work
orouos. comDrised of o vorielv of stokeholders.

[roride guidonce lo UBATS os oction plons ore
Uevelopet ond updoted.

Contominoted sediments ore o priority concern
for most Puget Sound urbon boys. Sources of
sediment conlominolion include toxics in storm-

woter. sewooe ond indushiol wostewoter. oollu!
ed groundwEbr seeps, ond spills. Toxics iri
stoimwoler orioinotd from o wide vorietv of
sources, for eximple, industries, busineises,
homes, cors ond tiucks, ond pesticide ond other
chemicol ooDlicotions. Othei concerns include
nutrient enliihment (Budd lnlet) ond ofier types
o[ woter pollution.

Reflecting the need for comprehensive ond inno
votive solutions, lhe oction teoms use o voriety
of reoulotorv ond nonreoulotorv lools to im- 

'

orouJ th" cdndition of th"e bovs. Exomoles in-

tlrd. holding smoll business lvorkshop! on best
,onoo"r"nioroclices to conhol oollution to
Loke Union, irispect;ng businesses for illegol
connections lo storm sewers lhot empty into

Elliott Boy, posling multilinguol signs oround
Dves lnlet wornino the oublic obout recreolionol
sdofood consumpion, 6nd toking regulotory oc-
lions oooinsl businesses to conkol toxic dis-
chorgei to Commencement Boy.

Toxi cs Cleonuo P rm r om t r f ;;lY,L' Diportnentof'Ecology

At the federal levt l. recent actions mav change the wav
wetlands are defined and delineated across the nation. Ii
proposed revisions to the Federil Marunl for Llenti.frtirtg
and Delineating luri;ilct it'ttrnl Wetlands are approved, the
scope of the rcgulations r.r,ould change dramaticall1', so
that ferver lvetlantl: would actually fall rrncler the wct-
lands definition for regulatorv purposes. Changcs to the
Nationwrcle Permit Program, administcred bv the U.S.
Armv Corps of Engineers, have also been proposed.
Although charrges ,rt the national level would bc less re-
strictive of u,etlanrlr filling, the Corps'Seattle district has
atlopted its olvn, more protective, regional conditior-rs.

I{elated to mauv of the issues drscussed above, the follow-
ing are some import.-rnt needs for the Puget Sound region
regarding rt-etla nds protcctinn:

Minimum Sta ndartl s-Probablv the most pressing prob-
lem for the region is the lack of minimum standards for
wetland repSulations Although local governments are iu'L-

plemerrting rvetlanrl regulations to comply rvith the
Grow,th Manaqement Act, these regulations will provide
inconsistent, patchnork protection throughout the
Sound. Withrrut minimum stantlarcls for rvetlands prt>
tection, thcre is Iittk'assurance that local regulatrons rvill
be adequate.

Research-Decision makers need better technical infor-
mation or.r wetlancl functions, processes, and values in
order to enact fair,1r1d consistent policies. Research pri{)r-
ities are not wcll esrablishecl, and felv mechanisms exist
ior sh.-rring resc.arch cl..t t;.t.

Education-A morc coordinated effort is needed to edu-
cate the public.rborrt how,wetlrnds lr.ork, why thev zrre

valu.-rble, and why thev neec-l protection.

Inventories-A malor obstacle in evaluating the loss of lvctlands is the
Iack of comprehensivc inventorv and permit tr.rcking systems. The
Nationrvide Wetlands Inventorv was a large-scale effort that provided
onlv about 60 pt'rcr-nl coverage. The data needs to be sr"rpplemented lvith
more accurate field rnformation. Ecology recentlv acquired a Ceographic
Information System i.ClS) to begin a comprehensivc w,etlancl inventon'
pro,ect. A fr.r.r, lt'cal governments (for examplc King, Snohomish,
Thurston, and Picrci. rounties) havc completecl rvetlands inventories for
portions of their jurisilictions. Costs and staffing are a problen.r for many
local governmcnts.

Acquisition-l'ublic itrnding for acquisitron of valuable rvetlands is im-
portant to w,etlands 1-rotection, yct onlv minimal amounts of monev havt'
been appropriatcd for this task. Thc 1991 state budgct allocateci $1.1 mil-
lion trr the Dep;rrtmt-lrt of lJatural Resources for the purchase of some of
these rvetlands.

E



Mitigation-Mitigation is an accepted, but uncertain, shategy for com-
pensating the loss of wetlands. Mitigation of -related losses is still
a developing
as intended.

science, and even well
A review of wetland mitigation

permits by Rylko and Storm (1991) found that 35 percent of the permit
records lacked clear descriptions and detailed baseline data about the af-
fected areas and the areas plannd for restoration or creation. Recom-
mendations from the report call for increased compensation ratios,
consistent enforcement of mitigation requirements under Section 404, and
implementation of alternative methods for achieving no net loss.

Restoration-Non{ompensatory wetlands restoration is gaining aften-
tion as a way to obtain increased wetlands acreage. An important pilot
project is currently underway. fointly funded by EPA and the U.S. Fish
and Wildlife Service, the project tartets several sites in the Duwamish and
Snohomish estuaries. The goal is to restore wetland values and functions,
and to gain experience for the development of future restoration projects.
The proiect also emphasizes restoration of the estuary as a functioning
ecosystem rather than restoration of wetland characteristics at individual
sites. Although there is hope that restoration can increase wetland
acreage in Puget Sound, the long-term success of restoration remains to be
seen,

Puget Sound's vitality is dependent on the health of the basin's diverse
and interdependent habitats. The Authority added the Fish and Wildlife
Habitat Protection Program to the 1991 Puget Sound plan to better man-
age the basin's habitats from a regional perspective.

Progrom Gool

o Ensure that federal, state, local, and tribal agencies coordinate their
habitat protection programs so there is no short-term net loss and there
is a long-term net gain of aquatic, riparian, and other habitats important
to water quality protection in the Putet Sound basin.

Progrom Sholegy
I Encourage and support proactive efforts by state and fed-

eral resource agencies, Iocal governments, tribes, and pri-
vate organizations to protect rapidly disappearing aquatic
systems in the short term.

o Coordinate among existing agencies and governments to
effectively protect and manage Puget Sound fish and
wildlife habitat over the long term by providing integrated
solutions for habitat protection.

Progrom Stotus

Fish and wildtfe habitat protection fust appeared as an issue
on the unfinished agendas of the 1987 and 1989 plans. In re.
sponse to extensive public comment on the importance of
habitat preservatiory the Authority prepared an issue paper
on fish and wildlife habitat protection, then followed up
with development of the program for the 1991 plan.

The primary goal of the Puget Sound plan's habitat program
is increased, mutually beneficial coordination of activities by
all levels of government, in their many overlapping roles re-
lated to habitat protection.

proiects may not function
proiects under Section 404

E

I
In the 1991-93 biennium, state agencies received no funds to

implement the program. Several of those agencies-Fisheries, Natural
Resources, and Wildlife-have lead roles in the program. The U.S. Fish
and Wildlife Service has acknowledged the need for increased and com-
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prehensive attention to habitat protection issues through the recent devel-
opment of its Puget Sound Initiative and a Puget Sound Program. The
federal program plan for 1992 provides some staff support for initiation of
the Puget Sound plan's habitat program and funding for other habitat-ori-
ented efforts in the region.

Hff
Studies assessing the health of Puget Sound's natural resources have his-
torically been limited both in their geographical coverage and duration.
The primary purpose of the Monitoring Program is to implement a long-
term, comprehensive monitoring program, known as the Puget Sound
Ambient Monitoring Program (I'SAMP). Monitoring is critical to under-
standing long-term trends in the health of the Sound.

Progrom Gools

o Assist agency decision-making by characterizing trends over time and
space, and identifying problem areas.

I Take measurements to support specific program elements and measure
the success of the Puget Sound plan by providing a permanent record
of significant natural and human-caused changes in key environmental
indicators over time.

o Provide an ongoing assessment of the health of the basin and the risk to
human health from consuming Puget Sound seafood.

Progrom Strotegy
a Establish an institutional structure to manage the monitoring protram.
o Implement the monitoring program design, data management system,

and quality assurance plan recommended by the Monitoring Manage-
ment Committee in 1988.

a Collect, analyze, interpret, and report data in a rnanner that is useful to
water quality managers and the public.

t Annually review the monitoring program to ensure that the most
appropriate and cost-effective monitoring elements are included.

Progrom Stotus

The 1987 Puget Sound plan directed. the Authority to form a monitoring
management committee consisting of representatives from local and tribal
governments; state, federal, and Canadian agencies; industry; the scientif-
ic community; and the public. Members of the committee were appointed
to provide the Authority with recommendations for a monitoring pro-
gram. The committee's initial review of PSAMP and ongoing refinements
provide the basis for the monitoring program, which was adopted in
1988.

As ISAMP entered the implementation phase, an institutional structure
was formed to manage and-coordinate the program. The ISAMP steering
committee was formed in August 1988 and continues to meet monthly.
The steering committee consists of representatives from the implementing
agencies-the state Departments of Ecology, Fisheries, Health, Natural
Resources, and Wildlife, and the U.S. Fish and Wildlife Service-as well
as the Authority, EPA, and local and tribal governments.

During the 1990 legislative session, the legislature added a section to the
Authority's enabling legislation which directs implementation of the
monitoring program. A total of $1.1 million in state and federal money
was spent on I'1SAMP implementation in the 19E9-7997 biennium. A total
of $5.6 million in state funds has been allocated for IISAMP during the
1991-1993 biennium.

Significant monitoring accomplishments between 1988 and 1991 include:
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t Ecology sampled and analyzed sediments from 50 sites in Puget Sound
during spring 7989,198,0, and 1991.

o Fisheries sampled and analyzed bottomfish and rerreational fish for
toxic chemicals in musde tissue and liver histo,pathology Gottomfish only).

r) Health has sampled and analyzed shellfish tissue for bacterial contami-
nation quarterly since November 1989, for chemical contamination annu-
ally since May 1990, and has gathered data on shellfish abundance and
paralytic shellfish poisoning (IISP).

o Ecology redesigned some marine water column and fresh water sam-
pling efforts to better accommodate I'SAMP goa1s.

o Ecology, Fisheries, and Health prepared technical reports on ISAMP
sediment, fish, and shellfish monitoring. Authority staff prepared the
first and second annual Puget Sound Update monitoring reports in 1990
and 1991.

o Between 1989 and 1991, the Department of Natural Resources evaluat-
ed several techniques for conducting the nearshore habitat inventory and
monitoring program. The selected technique was partially implemented
during fiscal year 1991.

I Authority staff developed databases to manage monitoring informa-
tion, including the Puget Sound Geographic Inlormation System, devel-
oped in conjunction with Department of Natural Resources staff.

o The Department of Natural Resources, with funding from EPA and the
Authority, has updated the information contained in the Puget Sound
Environmental Atlas. This data will be part of the Puget Sound Geo-
graphic Information System.

a Citizen groups assisted I'SAMP agencies with sample collection under
the agency's PIE Fund.

Overall each participating agency has been working toward the goals of
the monitoring program. Fisheries has carried out PSAMP monitoring of
fish tissue creatively and diligently with minimal funding during the
1989-97 biennium. Health has also carried out their monitoring assign-
ments well. Ecology has used PSAMP and current agency funds to moni-
tor sediments, marine and fresh water, and to etablish their central
tfAMP database. Wildlife and Natural Resources have also been reliable
participants in the monitoring prxess although they did not receive
PSAMP irnplementation funds until the start of the 1991-1993 biennium.
EPA has provided invaluable funding, expertise, and effort throughout

the development and initial implementation of the
protram. Metro has represented local govemment
in the [5AMP process and has provided expertise
and interest in the program. The tribes have partici-
pated in the process sporadicaUy.

The U.S. Fish and Wildlife Service ioined the pro-
gram's steering committee as an implementing agen-
cy in October 1991. In spring 1992, under their Puget
Sound Initiative, they will begin monitoring contam-
inants in birds as part of IISAMP.

Additional funding in the 1991-93 biennium is allow-
ing for increased fish, shellfish, marine water, sedi-
ment, and freshwater monitoring, as well as the
initiation of bird, marine mammal, and nearshore
habitat monitoring. lncreased emphasis is also being
placed on data analysis and reporting.

With increased funding for PSAMP this biennium,
most monitoring tasks .ue now well underway.
Substantial funding is still needed for chemical anal-
yses and other contracts. Legislative cuts in con-
hacts will affect several tasks of the monitoring
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program/ notably sediment quality analysis, fish tissue analysis, and
chemical contamination in shellfish.

Progrom Gool
,) Assure the quality, consistency, and timeliness of all laboratory tests

necessary to help protect and enhance the resources of Puget Sound.

Prcgrom Strotegy
I Establish a laboratory certification program administered by Ecology

that will review the capability of environmental laboratories to generate
data of known quality.

t) Assure that adequate laboratory support exists for agency and other
sampling programs.

O Develop and update protocols and guidelines to standardize data col-
lection, analysis, and transfer within Puget Sound.

O Develop and encourage the use of uniform quality assurance guidelines
for data collected under all Puget Sound prograrns.

Progrom Shtus
In 1987 the legislature authorized Ecology to establish a hboratory certifi-
cation program. In March 1988, Ecology established a quality assurance
section in Manchester, separate from the Manchester lab. The section is
responsible for the lab certification (or accreditation) program, as well as
other quality assurance aspects of Ecology programs. Ecology adopted a
rule for the laboratory certification protram in April 1989, and receivd
the first application for lab accreditation in August 1989. Related rules re-
quiring dischargers to use accredited labs were adopted in October 1990.
These rules established a special status known as "registration" for certain
labs associated with dischargers. Registered labs participate in a program
to prepare for accreditation. As of December 1991, Ecology had accredit-
ed 73 laboratories, including the EPA/Ecotogy lab at Manchester.

Ecology completed the first laboratory plan in March 1989 and will up-
date the plan biennially. The first plan and the draft of the second plan
specifically recommended increasing the quality of data produced by the
Manchester lab, improving the tumaround time for samples and
data, increasing lab capacity, and improving sample tracking in the
Iab system. Ecology has implemented many changes to improve
services and data quality and is currently producing accurate and
precise results within their prescribed holding times for a wide
range of environmental variables. Ecology has implemented a new
cost-allocation system which allows the lab to operate more effi-
ciently, resulting in more accurate and reliable tracking of costs.
The system is funded by user-fees that reflect real cosB. Ecology
has the ability to perform sameday contracting of samples above
the capacity of the Manchester lab.

In January 1991, the Puget Sound Estuary Program Management
Committee adopted a process to develop standard procedures for
chemical and biological analyses conducted in the Fuget Sound
basin. These procedures are referrd to as the Pugef Soutlil Protocols
and Guidelines. In May 1991, the management committee adopted
the fust four protocols and guidelines for conventional water quali-
ty variables and metals in fresh water, microbiological studies, sub.
tidal macroinvertebrate assemblages, and fish pathology studies.

Ecology release d its Gilidelines and Specifications for Preparing Quality
Assurance Project Plans in May 1991. The quality assurance section,
which prepared the document, has been providing technical assis-
tance to Ecology project managers in the development and review

OUALITY, CONSISTENCY,

AND TIII,IEIINESS OF

tAB TESTS ARE

NECTSSARY IO HEIP

PROTECT PUGET SOUND



of quality assurance pro)ect plans. Ecology is considering whether further
action to require the use of the guidelines and specifications in all Ecology
Puget Sound proiects is needed.

Progrom Gools
t Emphasize spill prevenrion strategies.

I Enhance response capabilities in Puget Sound and its tributaries.

o Ensure that spill prevention and response actions of state atencies are
coordinated among themselves and with federal, local, hibal, and pri-
vate efforts.

Progrom Strotegy
r) Identify the tools and resources needed to protect Puget Sound from

spills.

o Implement a comprehensive spill prevention and response program
using current regulations, and enacting new legislation if necessary.

Progrom Slotus

Recent activity in the area of spill prevenlion and response is highlighted
by the o.rl Spill Prevention Act passed by the 1991 legislature, and final
adoption of the revised, statewide Spill Contingency Plan.

In summary, the Act establishes a $25 million response fund and increases
the minimum level of financial responsibility to ensure that responsible
parties have adequate financial backing to clean up a spill and pay for en-
vironmental damages. In addition to its focus on prevention, the Act pro-
vides major enhancements to the state's capabilities in the areas of spill
response and wildlife rescue.

The Oil Spill Prevention Act addresses many recommendations from the
States/8.C. Task Force. (The task force was assembled after the Exxon
Valdez and Nestucca oil spills, and includes representatives from
California, Oregon, Washington, Alaska, and British Columbia.) The Act
establishes a new Office of Marine Safety, a new Marine Oversight Board,
and four Regional Marine Safety Committees. The Office of Marine
SaIety is created to provide the state expertise on marine transportation
safety. The new office wiII be responsible for spill prevention and contin-
gency plans for vessels, while Ecology will handle on-shore facilities and
continue to manage spill response activities statewide. Other recommen-
dations of the task force addressed by the Act include the following:

Vessel Design and Traffic Management-The Office of Marine Safety
has been given the task of reviewing tank vessel inspection programs con-
ducted by the Coast Guard and other federal agencies to determine if the
programs provide best achievable protection. If the Office of Marine
Safety determines that the inspection programs are inadequate, then it
will adopt rules for a state tank vessel inspection program. ln addition,
the Office is expected to adopt rules for vessel screening by J:uJy 7992, and
establish regional marine safety committees which will be responsible for
planning for the safe navigation and operation of tankers, barges, and
other vessels within each region.

Personnel-The Act added representation to the board of pilotage com-
missioners which is responsible for examining and licensing pilots. The
added representation includes the Administrator of the Office of Marine
Safety and a representative from an environmental organization con-
cerned with marine issues. The Act also calls for the adoption of rules to
certi$ personnel in charge of the transfer, storage, and handling of oil, ad-
dressing such issues as minimum training requirements and continuing
education requirements.

Sound
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I Funding and Financial Reeponaibilities-The Act establishes a five cent
| fue on each barrel of oil delivered to marine terminals to cover administra-
I tive costs and to establish a response fund. Three cents of this goes into

an administrative account to carry out the oil spill prevention and re'
sponse program, and two cents goes into the response account (up to $25
million) to defray state agency costs in responding to spills where expens-
es exceed $50,000. The Act also increases financial requirements to ensure
that those responsible for spills have the financial backing to clean up
spills and pay fbr enwironmental damage. In additiory the minimum level
of financial liability for tank vessels has been increased to $500 million,
and onshore and offshore facilities must maintain financial responsibility
determined by Ecology. Enforcement provisions require contingency
plaru and the demonstration of financial responsibility.

Regulatory Oversight-The Office of Marine Safety and the Maritime
Commission are given oversight authority for prevention plans, response
plans, cleanup requirements, and vessel inspections.

Education-The Act provides for the Washington Sea Grants program to
develop and conduct a voluntary spill prevention education program.

Outstanding lssues of the task force, such as research coordination, spill
response enhancements, multi-state/providence compact, and coordina-
tion of studies, will be addressed by the administrative and regulatory
bodies established under the act.

The 1991 plan called for Ecology to complete malor revisions to the
statewide Contingency Plan for Spills of Oil and Hazardous Substances,
including the responsibilities of state agencies, state and tribal govern-
ments, and industry, operating procedures for major oil spills, a disper-
sant use policy, and disposal of recovered oil. The Spill Contingency Plan
was revised in July 1991, although some appendices remain in draft form.
Issues still under consideration include draft guidelines for keating and
disposing of oily waste ftom spills, and an interim policy on dispersants
which are currently not approved for use in the nearshore and offshore
waters of Puget Sound.

Ecology has also developed a draft rule addressing contingenry plans for
individual facilities. The Office of Marine Safety has developed a draft
rule addressing contingency plans for vessels.

Progrom Gools
a Establish and maintain a system of priorities and funding for research

and its dissemination.

a Add to our knowledge of the physical and biological systems of Puget
Sound through reseatch.

<) Research and identify the causes and solutions of pollution problems.
,) Assist decision-making activities of regulatory and management agen-

cies while stimulating creativity and excellence in research.

Progrom Strotegy
o Maintain the Puget Sound Research Program in order to promote the

coordination and funding of Puget Sound research.

a Establish a renewable list of priorities for sponsorship by the program.
o Assist in making the results of research available for decision-making.
The Authority will coordinate the program and complete certain tasks
within it, while assigning other tasks and long-term maintenance of the
program to the Puget Sound Foundation.
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Progrom Stofus

In February 1987, the Committee on Research in Puget Sound was estab.
lished to make recommendations to the Authority on such issues as re-
search priorities, institutional needs, data manatement, research res€rves,
and the publication and dissemination of research results. The group was
organized into two subcommittees.

One subcommittee focused on the development of research priorities. Its
work resulted in the Authority adopting four long-term research goals
and six research priorities in the 1989 plan. Three of the four goals con-
sisted of improving our understanding of the effects of conventional pol-
Iutants, toxic pollutants, and habitat alterations on the resources of Puget
Sound, while the fourth goal related to improving the effectiveness of en-
vironmental decision-making in the region. The initial research priorities
concerned:

t The effects of agricultural runoff.
<) The effects and cycting of nutrients.
o The effects of contaminants in the sea surface microlayer.

t The fate and effects of effluent chemicals.

o The effect of water quality changes on wetlands and the role of wet-
Iands in watershed hydrology.

O The regional functions and values of wetlands.

Since adoption of the list, a seventh priority dealing with the effects of
pesticides has been identified. The list is to be reviewed, revised as ap
propriate, and re.adopted on a biennial basis by the Puget Sound Foun-
dation and the Authority.

Working from this list of priorities, the Committee on Research in Puget
Sound has convened a number of meetings on research topics related to
the condition and management of Puget Sound. These have induded two
regional conferences on Puget Sound research and a seminar on Puget
Sound sediments. Proceedings from these meetings are available through
the Authority and can be found at most public libraries around the Sound.

A second subcommittee worked to identify an appropriate institutional
strucfure for coordinating and funding research, disseminating research
results, and using research results in decision-rraking. Based on their
analysis, the committee recommended a nonprofit foundation as the best
institutional stmctur€ for the region's research endeavors. This recom-
mendation was later combined with those of the Education and Public
lnvolvement Advisory Group and the Puget Sound Finance Committee in
a position paper advocating the formation of a Puget Sound Foundation
which would foster the goals and priorities for both the education and re-
search programs. The 1990 legislature authorized the Authority to create
the Puget Sound Foundation as a public nonprofit corporation, and in the

191 plaq the Authority designated
the Puget Sound Foundation as the
agent responsible for long-term fund-
ing and implementation of the research
and education progranrs.

Until the Foundation is ft.rlly opera-
tional, the Authority will maintain
focus and continuity for the Research
Program. The Authority has requested
that the Committee on Research in
Puget Sound continue to provide over-
sight and to fulfill a number of pro'
gram functions, including assisting
with development of the Foundation,
fostering and coordinating efforts to
translate and disseminate information,
and providing a source of expertise

PROTECIION EFFORTS

,IIUST BE SUSTAINED

AND ENHANCED TO

KEEP UP WITH THE

PRESSURES OF GROWIH

Sound
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and review relative to research activities in the Puget Sound region.

Although scientific study has been widely endorsed as an important need
in the Puget Sound regiory funding for the Research Program has not
been forthcoming from the state. The Authority has been able to direct a
portion of the federal funding for the Puget Sound Estuary Program to-
ward research activities. These funds, however, have been severely re-
duced in fiscal year 1992. The Authority and the Committee on Research
haditionally have worked cooperatively with many groups in both public
and private sectors to fund and sponsor research-related activities, such
as conferences and publications.

The Puget Sound Foundtion is intended to fund and coordinate research
and education protrarrs on Puget Sound, and to assume responsibility
for certain elements of the research and education programs.

Progrom Gool
O To undertake long-term solutions to the problems of coordinating, im-

plementing; and funding research and education activities which en-
hance the health, responsible use, and diversity of Puget Sound.

Progrom Stotus

The need for ongoing irutitutional structures to coordinate program
strategies and funding has been addressed by a number of advisory
groups to the Authority, including the Subcommittee on Institutional
Issues of the Committee on Research in Puget Sound, the Education and
Public Involvement Advisory Group, the Monitoring Management Com-
mittee, and the Puget Sound Finance Committee. In 1989, the Combined
Committee for a Puget Sound Foundation, which was formed by repre-
sentative of these groups, adopted a proposal to create a nonprofit corpo-
ration to ensure long-term coordination and funding of research and
educational efforts related to Puget Sound.

In 190, the legislature authorized the Authority to create the Puget
Sound Foundation, a public nonprofit foundation. As conceived by the
Combined Committee, the Foundation is primarily designed to generate
permanent, regionally controlled funding for research and education
from private and public sources, including federal and state agencies, and
to disperse such funding to deserving projects through a grants program.

The Foundation's structure, which would include a board of directors, re-
search council, education council and management council, was devel
oped to ensure that experts in a range of disciplines would be available to
provide independent advice and guidance to the processes of establishing
priorities, recommending grant awards, and translating and disseminat-
ing program results. The design further emphasizes coordination and
participation in the activities of the Foundation (especially the setting of
research and education priorities) by the scientific community, educators,
industry, tribes, citizen groups, local governments, and state and federal
regulatory and resource management agencies.

The Authority is working with the governoy's office to appoint an initial
board of directors which would legally establish the Puget Sound
Foundation. Once in place, its work would focus on development of a
permanent, long-term board and initial fundraising for operations of the
Foundation and the grants program.
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