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KATHERINE FLETCHER

Sincerely,

Cha-' .
STATE OF WA?HINGTON
PUGET SOUND WATER QUALITY AUTHORITY
217 Pine Street, Sute 1100 e Seattle, Washington 98101 o (206) 464-7320
May 1988 .

To the Governor, the Leglslature, and other readers.

Thls is the second State of the Sound Report. Two years ago, we .
reported to you that it was time to move ahead with effective
measures to address the signs of degradation in Puget Sound. . We .

summarized what was known about the Sound,' its resources, and the
trends that threaten it. We underscored that our rapidly growing
population will accelerate the problems of the Sound unless we are
able to anticipate and prevent problems before they reach crlsis
proportlons. - . :

The past two years have dramatically changed the ways in which the
state, along with local governments, the federal government, and the -
public are confrontlng'and acting to solve the problems of Puget
Sound. We now have a comprehensive management plan which is brlnging
together the considerable efforts and expertlse of all of 'us in the
Puget Sound region. From watershed action plans that will combat
nonpoint pollution to a stepped-up regulatory program for control of
toxicants in discharges; from wetland acquisition to student-run oil
recycllng-—an 1mpressive array of coordinated and innovative programs
is now underway.

But the Sound itself will be slow to show the results of all this
activity. We must recognize that we are in for a long-term effort if
we are serious about cleaning up and protecting the Sound. And we -
must not get discouraged if one result of paying more attention to
the sound is to learn that its problems are more serious than we
thought. Even as we attack the causes of pollution, we must also.
expect more shellfish closures, more reports of declining f£ish
populations, and other sobering news.

Much remains to be done. We must fund the actions already 1dentified
in the Puget Sound Water Quallty Management Plan. And we must put in
place the long-term programs, commitments, and institutions that can
address over time the problems we are dealing with. This report shows
that wé have reason for optimism. It also shows that despite this
much progress, we must not be complacent. This second State of the
Sound Report helps to provide both the perspective and knowledge we
‘need to take the next steps to protect and preserve Puget Sound. ’

y/a

atherine Fletcher
Chair
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- INTRODUCTION

I

Chapter 1: |
What is the State
of the Sound?

The State of the Sound Report is prepared every two years by the Puget Sound Water
Quality Authority (Authority) to provide a comprehensive, easily understandable
summary of the current conditions of water quality and related resources in Puget
Sound. This report discusses the status, overall health, and economic value of the -
Sound’s resources. Wherever possible, current and foreseeable trends in water and
sediment quality, habitat changes, and the health of biological resources are dis-
cussed. Unfortunately, in many cases long-term Soundwide monitoring and com-
prehensive research results do not exist. It is therefore difficult to draw conclusions
about significant changes or trends that have occurred over time in key Puget Sound
environmental indicators (such as water and sediment contaminant levels and the
health of resident fish). :

We are just beginning to develop the information that is needed to establish environ-

mental trends. The proposed Soundwide ambient monitoring program, and the
coordinated effort to establish and fund research priorities in Puget Sound, are criti-
cal to identifying both short- and long-term changes (both good and bad) that may
occur in the Sound’s water quality and btologxcal resources in the future

This chapter serves as the executive summary of the State of the Sound Report and
provides an overview of some of the most significant programs, studies, and ac-
tivities that have taken place in the last few years. This information is discussed in
more detail in the body of the report.

As stated in the Puget Sound Water Quality Act of 1985 (Chapter 90.70.055 RCW),
another purpose of this report is to review significant public and private activities af-
fecting the Sound, and assess whether these activities are consistent with the Puget
Sound Water Quality Management Plan. The report should also recommend 1) ac-
tions that may be needed to improve current water quality programs, plans, and
policies; and 2) any changes that may be necessary to protect and improve water
quality in Puget Sound. Although this report describes many of the recent public
and private activities that affect water quality and resources in the Sound, an assess-
ment of theif consistency with the Puget Sound plan has not been attempted liere.
However, such a review is underway. -Agencies are now in the process of submitting -
status reports on their Puget Sound programs to the Authority. These reports will

1
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be used by the Authority to assess plan compliance and to support recommended
changes in the 1989 Puget Sound plan (the draft plan is scheduled for release in
June 1988). Recommendations for other actions that may be necessary to further
protect and i improve Puget Sound water quahty will also be addressed in the 1989
plan.

In the 1986 State of the Sound Report we reported that two of the greatest challenges
facing residents of Puget Sound were 1) the reduction of sources and potential
cléanup of toxic chemicals that are severely contaminating parts of the Sound; and
2) the control of bacterial and viral contamination that has restricted use of the
Sound’s shellfish resources. Looking ahead, we also recognized that our expanding
population in the Puget Sound area would put additional strain on the health of the
Sound. While this characterization is still accurate today, the last two years have
seen the beginning of extensive new efforts to address these and other problems. .
Many new and exciting programs have been initiated at all levels of government and

- in the private sector. In addition, progress has been made toward identifying and

eliminating key sources of water pollution and causes of habitat degradanon in the

Sound.

Puget Sound is a valuable body of water that has begun to suffer from the effects of
human activities. As a semi-closed system, it is extremely vulnerable, tending to
retain contaminants instead of flushing them to the ocean. Signs of pollution are
visible and, while some problems have gotten better (e.g., biochemical oxygen

- demanding wastes have decreased), other problems appear to be getting worse (e.g.,

liver tumors and reproductive failures in English sole). Although improved source
controls appear to be resulting in decreased contaminant loading to the urban bays,
these bays throughout the Sound continue to show evidence of contamination from -
point source discharges and stormwater. Additional shellfish beds were closed in
1987 because of bacterial pollution, and development continues to threaten wet- = .
lands and other habitat. Between 600,000 and 800,000 more people.are expected to
live in the Puget Sound area by the year 2000 (about a 20 to 25 percent increase),
which will further threaten the Sound’s water quality. A summary of certain biologi-
cal problem indicators, including current status and possible outlooks for the fu-
ture, is shown in Table 1-1. Planning activities and results of recent studies are -
summarized for several of the key issues facing Puget Sound in the rest of this chap-

One of the major challenges in mobilizing and carrying out a comprehensive effort
to protect Puget Sound is the fact that so many jurisdictions and levels of govern-
ment must be involved. More than 450 public bodies have responsibility for some
aspect of the Sound’s water quality. In creating the Authority in 1985, the state
legislature asked that the Authority bring together and coordinate the multiplicity
of agencies and jurisdictions, as well as design the Puget Sound Water Quality
Management Plan to be carried out by existing state and local entities. The par-
ticipatory process of preparing the 1987 Puget Sound plan was created to help ac-
complish both of those goals. The plan itself sets up a partnership among agéncies
and between state and local governments to accomplish its 13 programs. It relies
heavily on achieving effective implementation of existing governmental programs
and focuses on the need to provide adequate funding for those programs. It also es-

 tablishes new programs to address serious problems, such as nonpoint source pollu-

tion control, which is perhaps the most complex jurisdictional challenge yet faced in
the Sound. The watershed approach in the Puget Sound plan is reflective of the
heavy emphasis on local responsibility and multi-jurisdictional cooperation.
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TABLE 1-1: BIOLOGICAL PROBLEM INDICATORS IN PUGET SOUND: POSSIBLE

CAUSES, CURRENT STATUS, AND OUTLOOKS FOR THE FUTURE

Problem Indicator

Histopathological abnormalities
in bottomfish (e.g., liver
lesions) and other organisms

Degradation of benthic
communities

Chemically contaminated tissue

Bacterial contamination of
shelifish

Plankton blooms

Possible Causes

Toxic chemicals in water,
sediment, or food; dietary
deficiencies; pathogens; natural
environmental stress '

Toxic chemicals in water,
sediment, or food; organic
enrichment; habitat alteration;
natural variation in recruitment
or mortality

Toxic chemicals in water, .
sediment, and food

Bacterial contamination of

water by sewage or runoff
from urban and agricultural
areas

Natural causes include stability
of the water column during
spring and summer which
allows phytoplankton to remain
near the surface, where high
light levels promote growth,
Substantial nutrient inputs may
enhance blooms at the heads of
sluggishly-circulating inlets.

Current Status

Are most frequent in
contaminated urban areas such
as Eagle Harbor and the
Duwamish Waterway.
Frequencies of liver tumors in
English sole reach 26 percent
in Eagle Harbor, but are near
zero percent in rural areas
such as Carr Inlet. (1,2,3,19,28)

Not systematically studied, and
benthic communities are subject
to considerable natural
variation. Abundances of ..
benthic animals within normal
ranges are found in most areas
of the Sound. Increases in the
abundance of pollution-tolerant
worms may be found near some
sewer and CSO outfalls, while
depressed abundances of
benthic animals are found in
some small arcas that are -
highly contaminated with toxic
chemicals (¢.g., near outfalls of
the ASARCO smelter). (3,20,21)

Concentrations of PCBs have
declined in tissue, but low
levels of PCB, PAH, and metals
cotitamination are widespread.
Concentrations of regulated

- contaminants in edible tissue

very rarely exceed FDA action
limits for seafood, but there .
are few detailed assessments of
human health rigsks from
consumption of scafood from
Puget Sound. (2,3,7,8,9,22,28)

In 1986/87, five of 15 requests
for commercial shellfish bed
classification were denied
because of bacterial
contamination. Classification

. status changed at several other

beds. (see Table 4-10)

Not systematically studied, but

probably are at background
levels in areas with adequate
rates of water exchange.
Anthropogenic nutrient inputs
may be increasing bloom
intensity by 30-50 percent in

Budd Inlet, but other sites have.

not been studied in detail.
(10,12,13)

Outloog‘

Condition may imprave or
worsen in response to changes
in exposure. to pollutants (or
other environmental stresses). .
Toxicant concentrations in
sediments appear to be
decreasing with improved
point source controls and
pretreatment. (1,2)

Conditions may imprave or
worsen in response to changes
in exposure: to toxic
pollutants, organic enrichment,
habitat modification, or
changes in natural factors
affecting recruitment or
mortality (e.g., El Nino).
Conditions have improved
since the 1950s when some
urban bays were found to be
abiotic. (2,3.4,5.6,28) -

Tissue levels may change in
response to changes in
exposure to pollutants. The
development of more
sophisticated assessments of
human health risks associated
with eating Puget Sound
seafood will provide a better
understanding of the
significance of any existing
levels, Declines in tissue -
contamination could lead to
removal of posted seafood

_ consumption warhings from

some urban locations in the
Sound. Increases could lead .

' to posting of inore warnings,

and even the closure of a
commercial or recreational
fishery.-

Better control of point and
nonpoint sources could -
decrease closures of shellfish
harvest areas. Loss of control
over sources could make the
problem worse. (10,11)

Reduction of nutrient inputs
may decrease bloom intensity
in affected areas (e.g., Budd
Inlet). (10,12,13) ‘



Problem Indiéator .

Paralytic shellfish poisoning
(PSP)

Fish kills

Declining fish stock

Sporadic reproductive failures

in harbor seals (e.g., premature

births, pup mortality)

REFERENCES CITED:

1. Malins et al., 1987

2. NOAA, 1987

3. Tetra Tech,.Inc., 1985a
4. Tetra Tech, Inc., 1985b
5. . TetraTech, Inc., 1985¢
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8. Landolt et al., 1987

9.  Gahleretal, 1982

10. URS, Inc., 1986

11. Matcheset al., 1984

12. Tetra Tech, Inc., 1988a
13. Anderson et al., 1984
14, Robinson and Brown, 1983
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Possible Cause

PSP causes are not well

understood, but changcs in

nutrient ratios or nitrogen

availability may stxmulate
"red tides”.

Chemical spills, toxic chemicals

in the water, low. dissolved
oxygen caused by decay of
organic matter

Overfishing, chemical
contamination, loss of breeding
‘habitat, natural variation in
recruitment and mortality, loss
and degradation of estuarine

.feeding and rearing habitat

Not well understood, but
disease and toxic chemicals
such as PCBs in the food may
be contributing to the problem

A

Nichols, 1985
EPA, 1988

RNRNRBRNBBRRERG

Long, 1988b

IS

FWPCA, 1967

Dexter et al., 1985
-Calambokidis et al., 1984
Calambokidis et al., 1985
Tetra Tech, Inc., 1986b
Galvinetal, 1984

Current Status

. Beach closures caused by the

presence of the PSP taxin in
shellfish occur during the
warmer months in most of
Puget Sound. No closures have
occurred south of Tacoma
Narrows or in the southern
half of Hood Canal. (23)

Fish kills occur infrequently in
the marine waters of the

Sound. There.were 14 .
pollution-caused freshwater fish
kills reported to Ecology in
1986, while eight freshwater
incidences were reported in

1985. (27)

Herring stocks are stable in

the Central Sound, but are
declining near Bellingham.
Pacific cod are recovering from
the deleterious effects of the

El Nino of 1983. Hake and

English sole are declining,
possibly due to both -
anthropogenic and natural
causes. are generally

- stable, probably because of

catch limns and large-scale

artificial propagation. (24,25) .-

cause of these increases is
unknown, but they could
reflect continued legal
protection of marine mammals
rather than improvements in
reproductlve success. (26)

Lilja, 1988, pers. comm.
Bargmann, 1988a, pers. comm.
Sekulich, 1988, pers. comm.
Calambokidis, 1988, pers. comm.
Ecology, 1987¢

utlool

Difficult to predict, but the

"increases in beach closures

experienced from 1978-1985
have leveled off. If nutrient
or other anthropogenic inputs
are affecting the development
of red tides, this problem
could increase or decrease,
depending on changes in
nutrient sources. Unknown
additional factors may
influence the frequency of red
tides. (14,23)

Reductions in the frequency
and severity of spills could -
reduce the problem. -
Reductions in the chemicals
released in permitted. '
discharges and nonpoint
runoff, and decreases in
nutrient inputs to sensitive
areas also could improve the
situation. However, natural
occurrences of low dissolved

" axygen will still occur

infrequently in some areas.
(15,16)

Reduced pressures from
overfishing and pollutant
exposure could alleviate this
problem, though natural
fluctuations in fish stocks

would still occur. (15,16)

Continued declines in PCB
releases may improve the
situation, but additional
unknown factors such as
disease may be influencing
tharbor seal populations in the
Sound. Pup mortality appears
to be within natural limits of
population variability. (17,18)
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Coordination between state and federal government is also critical to the successful
protection of Puget Sound. The Puget Sound Estuary Program, which was formed
in early 1986, is a joint federal-state program managed by the U.S. Environmental
Protection Agency (EPA) Region 10, the Washington Department of Ecology (Ecol-
ogy), and the Authority. Under the estuary program, EPA is responsible for techni-
cal studies, development of protocols, and analysis of biological and chemical ,
relationships. The Authority is responsible for planning and Puget Sound plan over-
sight, public outreach and education, and development of research and monitoring
programs. Ecology is the primary state agency with regulatory responsibility for the
. Sound’s water quality. Ecology is implementing numerous programs of the plan, in-
cluding those related to point source discharges, wetland protection, stormwater
control, contaminated sediments, and reduction of nonpoint source pollution.

With the passage of the federal Water Quality Act of 1987, the estuary program in-
itiated by EPA for Puget Sound and several other estuaries around the country was
formally embodied in law. Puget Sound has now officially been designated as an "es-
tuary of national significance” under that program. This designation will allow EPA
Region 10 to continue its involvement in the overall effort and will continue coor-
dination and integration of the federal and state efforts under the plan. The designa-
tion also ensures several more years of federal funding to identify and evaluate
pollution-related problems in the Sound as well as to support planning and program
development activities at the state and local levels. Perhaps the most difficult test of
federal-state cooperation will be the extent to which federal activities and facilities
will meet the requirements imposed at the state and local Ievels Also important

will be the integration of federal and state research and monitoring efforts.

An example of a recent federal/state cooperative effort is the Puget Sound Dredged
Disposal Analysis (PSDDA) program which was jointly developed by the U.S. Army
Corps of Engineers (Corps), EPA, Ecology, and the Washington Department of
Natural Resources (DNR). This program is recommending new evaluation proce-
dures and sites for the uniconfined open water disposal of dredged material. Evalua-
tion procedures are now being developed through PSDDA for analyzmg the
biological effects of contaminated dredged material.

There are new sources of funding for water qualxty efforts in Puget Sound. In 1986 .
the state legislature established the Centennial Clean Water Fund and financed it
with an 8 cents per pack tax on tobacco products. The fund will provide $40 million
per year in the first four years and $45 million per year in subsequent years for water
quality efforts throughout the state. Projects and activities funded by this account
include upgrading to secondary treatment sewage treatment plants that discharge to
marine waters; activities to study and protect groundwater and freshwater resources
(including lakes and rivers); and projects to address nonpoint source pollution ef-
fects. In addition to the cigarette tax, the state legislature earmarked $11 million in
state general funds and capital funds for the 1987-89 biennium to carry out the
Puget Sound plan. These funds are above and beyond prevmusly existing water
quality programs. The 1987 legislature during special session also approved higher
permlt fees for point source dischargers. Statewide, these perntit fees will provide a
maximum of $3.6 million per year to improve the statewide point source program,
especially the control of toxicants in dlscharg&s and enhanced enforcement of per-

. mit limits.

Since the Puget Sound plan was adopted in December. 1986, the Authority, Ecology,
“and other state and local agencies have been working to implement many of the
plan’s programs. In particular, the nonpoint source pollution program has made
headway with Ecology funding of 12 "early action" watershed protection projects
and 12 county watershed ranking processes. In addition, the Authority has issued .
regulations (Chapter 400-12 WAC) for local nonpoint planning. The Authority has
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been working with committees to establish programs in monitoring, research, and
education and public involvement. These efforts are nearing completion. Other
, joint agency task forces are working on boaters’ education, wetlands research,
shelifish protection, environmental education, dredged material disposal, urban bay
action plans, and other tasks related to Puget Sound and the plan.

Strong public support continues for Puget Sound cleanup efforts, and the Puget
Sound plan is providing new direction and focus for water quality activities. The
plan is based on the concept that it is far easier and less expensive to prevent
degradation than to correct it. In addition, the Puget Sound Estuary Program has
improved federal-state coordination and the effective use of resources. It is hoped
that efforts to remedy the Sound’s problems have been started in time to prevent
serious deterioration. Effective planning and management based on strong citizen
awareness and support, along with remedial actions in certain areas, are the only
hope for protecting the Sound as the population continues to grow. One of our
greatest challenges is to promote initiative and responsibility on the part of all
players in the effort to protect Puget Sound. At the same time, coordination and
communication must be maintained to ensure that efforts are not duplicated, that
information is shared, and that priorities are set and addressed.

TOXIC Toxic contaminants represent the most acute and greatest long-term threat to the
CONTAMINATION habitats and biological resources of the Sound. Toxicants reach the marine waters
of Puget Sound from many sources, but the principal known sources are municipal
and industrial point source discharges, stormwater runoff, pesticides from nonpoint .
sources, and unpermitted discharges of wastewater. In addition, the dredging and
- disposal of contaminated sediments can disturb and redistribute these materials.
The accumulation of toxicants in sediments and the resulting damage to natural
populations is one of the most significant problems in Puget Sound.

'belc contammants bind to partlclos and are largely retained as sediments in the -
Puget Sound basin rather than being flushed out to open ocean waters. A variety of
toxic compounds are found in a wide range of concentrations in the surface sedi-
ments of the basin. For example, concentrations of toxicants in surface sediment in
the Sound’s urban bays are elevated 100 times or more over the levels in the

-cleanest rural bays. Some degree of sediment contamination is detected almost
everywhere in the Souind because there are both natural as well as anthropogenic
(originating from humans) sources of certain contaminants such as iron and arsenic.
However, the most adverse biological effects generally appear to be found i in urban -
bays throughout the Sound

I-Iigh concentrations of toxic contaminants in bottom sediments have been as-
sociated with high prevalences of fish diseases and other adverse biological effects
. in the Sound’s urban bays. Groundfish in contaminated areas of Puget Sound have

been found to have numerous types of abnormalities such as fin erosion and liver
lesions, including liver tumors. Liver tumors in English sole have been found at
levels as high as 18 percent in certain urban bays, and pre-tumors have been found'
at levels as high as 36 percent. In the Sound’s non-urban areas these figures are
about one and four percent, respectively Recent research has also documented in-
cidences of reproductive failure in English sole from highly contaminated areas
such as Eagle Harbor and the Duwamish waterway. The prevalence of liver tumors
and reproductive failure in groundfish is correlated with exposure to high levels of

- toxic substances in bottom sediments, but no direct cause-and-effect relationships

" have been established. '
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Toxic contamination of sediment and biota may become more severe as population

and commercial and industrial activities increase, particularly in areas that are now
relatively undeveloped. While observed concentrations of many toxicants are in-
creasing in the Sound, others (such as sediment levels of lead and mercury) appear
to be decreasing. Because of the persistence of many toxic substances contamina-
tion is not easily reversed. Effects of toxicants are the most significant in urbanized
areas around the Sound, particularly urban embayments with high levels of
stormwater runoff, point sources, and riverine sources of contaminated water and
suspended sediments. However, toxic contamination should be reduced in the fu-
ture as the National Pollutant Discharge Elimination System (NPDES) permit sys-
tem is improved. As cleaner sediments are deposited on the bottom, older '
sediments with higher concentrations of contaminants will slowly be buried and-
removed from the biologically active surface layer where many bottom-dwelling

animals live.

Efforts by Ecology and local governments targeted at controlling toxic chemicals in-
clude better control of toxicants from point sources and pretreatment programs to -
limit the initial loading of these contaminants. In addition, targeted efforts con-

~ ducted by EPA, Ecology, and others in urban bays include methodical programs of

finding and responding to high levels of sediment contamination wherever they
occur in the Sound. The sources, distribution, and biological effects of toxic con-
tamination in Puget Sound are discussed in detail in Chapter 4 of this report.

' Sewage treatment plants and industrial facilities that dlscliarge into rivers and the

Sound are considered point source dischargers. They are regulated by state and
federal discharge permits. Point source discharges (and stormwater and combined
sewer overflows that are discussed below) occur throughout the Sound, but tend to
be concentrated in urbanized areas such as Bellingham Bay, Budd Inlet, Commence--

" ment Bay, Eagle Harbor, Elliott Bay, Everett Harbor, and Sinclair Inlet. Due toa

number of physical and chemical processes, the harmful effects of contaminated
sediments from these concentrated point source discharges tend to be localized in
these urbanized bays and inlets around the Sound (although the overall loading to
the Sound is also of concern). Consequently, improvements in the control of point
source discharges (particularly toxic contaminant reduction) will slowly i lmprove the
quality of water and surface sediments in these areas.

Since the 1960s substantial progress has been made toward limiting conventional
pollutants including bacteria, sediments, and oxygen-demanding substances. For ex-
ample, pulp mills have reduced oxygen-demanding discharges from two million
pounds per day in 1969 to about 30,000 pounds per day in 1986. In addition, most
sewage treatment plants in the Puget Sound area either have converted, or are work-

~ ing toward converting, from primary to secondary treatment. Many of these plants

are scheduled to complete their treatment process conversion by the early 1990s,
though the largest plant in the Sound (the West Point plant in Seattle) is not
scheduled to achieve secondary treatment until the late 1990s. Conversion to secon-
dary treatment will significantly reduce the discharge of many conventional and
toxic pollutants to Puget Sound. ‘The Municipality of Metropolitan Seattle (Metro)

* has estimated that upgrading to secondary treatment at its four primary treatment

plants will reduce the total non-volatile toxicant (metals and extractable organics)

'~ loading to the Sound by 100 tons (91 metric tons) per year.

.The dlscharge permit system for 'pomt source dlschargers has not in the past effec-

tively controlled the discharge of toxic pollutants into Puget Sound. Major weak-
nesses of the regulatory program identified prior to the adoption of the Puget
Sound plan have been that discharge permits.typically include effluent limits on only
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a few contaminants (usually conventional pollutants) with few limits placed on
toxicants; there are few requirements for monitoring the environment that the pol-
lutants are discharged to; and there is no systematic program for detecting unper-
mitted discharges, particularly outside of the urban bays. Largely as a result of the
Puget Sound plan, Ecology is substantiaily strengthening its regulation of point

- source dischargers to deal with some of these problems. This effort is being aided

by substantial funding increases from discharge permxt fees and from state general
funds.

Major Puget Sound plan elements that deal with point source discharges address

- the improved control of toxicants in permits, the adoption of sediment quality

criteria, increased frequency of inspections (including unannounced inspections), in-
spection of unpermitted discharges, the requirement for more complete discharge
monitoring and use of certified laboratories, and implementation of pretreatment
requirements. Ecology is using the funding increases discussed above to suppgrt a
significant portion of these improvements. This should begin to result in decreased
contaminant loadings to urbanized bays and other areas. Unfortunately, it is Stlll
too early to see dlrect environmental benefits from these new programs.

~ One program that has been effective at identifying and €liminating point source

toxic containination in several urban bays around the Sound has been the Urban
Bay Toxics Control Program. This program was developed in 1985 by EPA, Ecology,
and other agencies and organizations, and much has already been accomplished by

. the action teams established by the program. For example, since 1985 Elliott Bay ac-

tion teams have inspected 124 sites and facilities, assessed 28 penalties amounting:
to $44,200, and issued 36 notices of permit violations and 22 administrative orders
for cleanup actions. A more complete description of this program and recent enfor-
cement actions can be found in Appendix B of this report. Point source pollution in
general is discussed in more detail on pages 90 to 100 of this report.

Stormwater, or surface water runoff, contains a complex mixture of suspended
solids, nutrients, bacteria, viruses, and toxic materials such as lead, cadmium, mer-
cury, organic pesticides, ammonia, and petroleum products. Stormwater samples in
the Seattle area typlcally exceed EPA water quality criteria for cadmium, copper,
lead, nickel, and zinc. Some storm drains in Seattle were found to be the major
sources of lead and polychlorinated biphenyls (PCBs) found in the sediments of El-
liott Bay. In more rural areas of the Sound stormwater runoff tends to contain
fewer toxic chemicals and more fecal coliform bacteria. For example, stormwater
discharging into Henderson Inlet in southern Puget Sound periodically violates
state fecal coliform standards for water, and has been found to be one factor in the
closure of commercial shellfish beds at the head of the inlet.

The Puget Sound plan requires that stormwater control programs be implemented
in all cities and other urbanized areas of the Sound by the year 2000. Programs will
emphasize source controls and best management practices (BMPs) rather than end-
of-pipe treatment. Puget-Sound cities and counties that are currently instituting
stormwater management utilities or other means of dealing with stormwater
problems include Anacortes, Auburn, Bellevue, Everson-Nooksack, Gig Harbor,
Kent, Lacey, Mountlake Terrace, Olympia, Port Townsend, Poulsbo, Redmond, Ren-
ton, Steilacoom, Tacoma, Tumwater, and Winslow as well as portions of King,
Snohomish, and Thurston Counties. -

In addition to the urban stormwater programs aimed at existing urbanized areas, the

Puget Sound plan requires all jurisdictions to control the quantity and quality of
stormwater from new development. Jurisdictions must also ensure that existing .
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stormwater control systems are adequately maintained and operated. Stormwater
considerations will also be integrated with the plan’s nonpoint program where
stormwater is one of the pollution sources to be addressed in priority watersheds.
To help implement stormwater.elements of the plan, technical assistance, including
manuals, guidelines, and model ordinances, will be provided by Ecology.
Stormwater issues are dxscussed, in more detail on pages 112 to 115 of this report.

Ten cmes around the Sound have combined sewers where sanitary sewage industrial
wastewater, and stormwater are collected in a single sewer system. Discharges from
these systems typically contain high concentrations of fecal coliform bacteria,
nutrients, and suspended sediment (with associated high levels of metals and or-
ganic toxicants). During large storms some of this combined effluent is discharged
directly to the Sound without treatment. For example, in an average year Metro dis-
charges about two billion gallons of raw sewage, untreated stormwater, and in:
dustrial effluents from about 20 combined sewer overflows (CSOs) in the Seattle
area,

Legislation enacted in 1985 requires Ecology to work with cities, sewer districts, and -
other jurisdictions to achieve the "greatest reasonable reduction” (an average of one
untreated discharge per year) of CSOs at the earliest possible date. Three sewer
jurisdictions with known CSOs (Everett, Metro, and the city of Seattle) have already
submitted draft reduction plans and compliance schedules. The remaining jurisdic-

- tions have been required to monitor their CSOs through at least one rainy season

and to develop reduction plans by the summer of 1988. Improvements in the quality
of discharges from storm drains and CSOs will primarily affect water and sediment
located in and adjacent to urbanized areas of the Sound. CSOs are dlscussed in
more detaxl on pages 97 to 99 of this report.

Nonpoint source pollution is typically defined as pollution that is dlscharged from -
diffuse, scattered sources rather than through pipes. Nonpoint pollution includes
pathogens sediments, and toxicants that are picked up by rainwater and carried into
streams, rivers, and eventually the Sound, or that are discharged directly into the
water from boats and other water-based sources. Because sources of nonpoint pollu-
tion are so numerous, varied, and difficult to detect, their cumulative effects on
water quality and habitats of the Sound can be significant. The effects of nonpoint
source pollution are experiencéd throughout Puget Sound. One of the more
notable effects is the number of commercial shelifish growing areas that have been
closed because of high levels of fecal coliform bacteria. This bacterial contamina-
tion appears to originate from failed on-site sewage disposal (septic) systems,
domestic and wild animal wastes, and contaminated stormwater. In many areas bac-
terial contamination has increased with increasing rural development of residences
and-small (but numerous) noncommercial farms that use septic systems and main-
tain animals on their property. Nonpoint source contamination is likely to increase
as population continues to increase in the Sound’s more rural areas. Shellfish bed
closures are discussed in more detail on pages 162 to 167 of this report.

Forest practices are another potential contributor to nonpoint source pollution.

~ Sediment loading from timber harvesting and road construction can damage stream

fish habitat, and poor forest practices can introduce pesticides and organic debris to
streams. The Timber/Fish/Wildlife (T/F/W) agreement is a precedent-setting effort -
that was negotiated in 1986-87 by state resource agencies, timber industry repre-
sentatives, Indian tribes, and environmental groups. The agreement provides for a
more holistic approach to forest practices and includes, among other things,
provisions for interdisciplinary teams to develop on-site harvest plans; protection of

‘wetlands and riparian stream corridors; training and more emphasis on research and
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‘monitoring; and the provision for upland management areas for the use and protec-
- tion of wildlife in harvested areas. If successfully implemented, this agreement will
help protect valuable aquatic resources potentially affected by forest practices, and
- ~should result in lmproved water quality in streams and rivers influenced by forestry
activities.

Agricultural practices can introduce a variety of nonpoint poltutants including sedi-
ment, fecal bacteria, nutrients, salts, organic chemicals, and pesticides. Programs
have been developed by Ecology (e.g., the Dairy Waste Management Program), the
U.S. Department of Agriculture Soil Conservation Service (SCS), and courity con-

- servation districts to manage and control agricultural nonpoirt pollution. These
programs generally rely on voluntary implementation of BMPs although enforce-
ment of water quality standards may also be used. Voluntary implementation of
BMPs is increasing throughout the Sound by both commercial and noncommercial
farms, and improved water quality has been found in certain areas where the
majority of land owners are implementing some form of BMP. However, the overall
effectiveness of these programs has been limited in the past by inadequate fundmg
and too little attention to noncommercial farms. These small farms represent a sig-
nificant, largely nnoomrolled source of agncultural nonpoint pollution in the Sound.

Failing on-site sewage disposal (septic) systems can discharge pathogens and
household chemicals to groundwater, streams, and eventually to Puget Sound. Ap-
‘proximately one-third of the residents in the Puget Sound area are served by on-site

~ . systems and in sore areas up to 12 percent of all on-site sewage disposal systems
may be failing. In the 1987 and 1988 legislative sessions the Authority proposed a
bill that would have required sellers of property to have the septic system mspected
and to provide essential information on the system to the buyer when property is
sold. This bill would have played a role in the effort to identify failing systems, edu-
cate residents about maintenance and use of sewage disposal systems, and reduce
this source of nonpoint pollution to the Sound. Unfortunately, the bill was not -

; : passed but efforts to accomplish these goals continue.

Sewage discharge from boats isa potential problem during the boating season
wherever large numbers of boats congregate. Boat fueling and maintenance ac- -
tivities can also be sources of pollution. A Boaters Task Force was created in 1987
to design an accelerated education program for boaters and to prepare legislation
requiring sufficient pumpout facilities at existing and new moorage facilities.

The nonpoint source pollution program of the Puget Sound plan addresses these
various nonpoint sources by using a three-pronged approach. First, a cooperative
local watershed program has been established that will identify and rank watersheds
in order of importance. Watershed action plans will be developed in each priority
watershed to cover significant nonpoint pollution concerns in the watershed such as
on-site septic systems, agricultural practices, and stormwater. Second, to supple-
ment the watershed action plans, counties will prepare and/or coordinate coun-
tywide education programs to help citizens prevent nonpoint pollution. Local
governments will also evaluate ways in which water quality considerations are incor-
porated into land use decisions, with particular attention to on-site sewage treat-
ment. Third, the nonpoint program involves several state programs such as the
-Boaters Task Force and initiatives relating to on-site sewage treatment, and endor-

_ ses the T/F/W agreement. The sources and effects of nonpoint pollution are dis-
cussed in more detail on pages 100 through 117 of this report.

LOSS OF WETLANDS One major environmental consequence of Puget Sound’s growth has been the
destruction of wetlands for agriculture, ports, industries, and ;&sidential and com-
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mercial development. Of the approximately 22,500 acres (9,000 hectares) of coastal
wetlands present in 1800, nearly 14,000 acres (5,600 hectares) have been diked,
filled, and converted to other uses. Virtually all of the saltwater and estuarine wet- .

- 1ands have been lost in the Lummi, Duwamish, and Puyallup deltas. In‘stream cor-
ridors where pastures continue to be created there has been a 50 to 60 percent loss
of wetlands, and in farming areas such as the Skagit Valley wetland losses-are es-
timated to be as high as 90 to 95 percent. Commercial development in areas such as
the Green/Duwamish river basin has eliminated over 95 percent of the original wet-
lands.

To protect some of the remaining estuarine and freshwater wetlands in the Sound,
the Puget Sound plan’s wetland program includes the development of state stand-
ards for wetland regulation augmented by a land acquisition program. The stand-
ards will be developed by Ecology and then implemented by local governments. in
their regulatory programs. The acquisition program conducted by the state will
identify wetlands to be preserved in perpetuity. The 1987 state legislature ap-
propriated $500,000 to fund the purchase of wetlands under the Puget Sound plan’s
wetlands program. In addition, The Nature Conservancy had raised over $1 million

_ in private money for wetland acquisition as of January 1988, which will match the $4

million appropriated to DNR’s Natural Heritage Program in the 1987-89 biennium.
Loss of wetlands is described in more detail on pages 77 to 81 of this report.

Extensive public involvement during the preparation of the 1987 Puget Sound plan
(including public attitude surveys) revealed strong public sentiment and concern
about the water quality of Puget Sound. Yet, as many people pointed out, a great
need remains for education and more involvement of the public. Many people are
not aware of how to translate their general concern about water quality into actions
that will actually help Many people are only vaguely aware of the specific causes of
pollution. :

Most difficult of all, many people support the protection of water quality in general--
until they realize that their own activities or pocketbooks will be affected. While
nearly everyone supports prevention rather than more costly cleanup after problems.
occur, many people affected by prevention proposals demand indisputable proof

that there is a problem before they are willing to carry out pollution control ac-
tivities. In addition, many people involved in activities which adversely affect the
Sound are likely to suggest that other pollution sources are far more important than
those they are responsible for. The Puget Sound plan is based on the need fora -
well-educated public. It is comprehensive and emphasizes the need for equity rather
than singling out only certain parts of the problem. Recognizing that the protection
and cleanup of Puget Sound is a long-term management challenge, education and
public involvement become the essential ingredients for success.

It would be 1deallst1c to think that there wﬂl be an end to fingerpointing and that all
sectors of the community will gladly do whatever is needed to protect water quality.
But progress is being made, and there is reason for optimism. Industrial and
municipal point source dischargers have accepted the imposition of new permit fees

" to pay for a stepped-up regulatory program. Local governments have requested and
accepted the lead role in designing and carrying out nonpoint pollution control
programs. Many farmers have voluntarily put BMPs to work on their farms, to
protect against water pollution and soil erosion.

Many diverse organizatibns are doing their pért to involve and educate the public,

often through effective use of peer-to-peer communication. With funding from the
PIE-Fund, organizations ranging from Associated General Contractors to Puyallup
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High School are carrying out model public involvement and education projects. In -
addition, over 100 people from diverse constituencies and organizations are helping
to design a long-term education strategy for the Sound. Throughout the Puget
Sound area there are numerous locally-based projects to rehabilitate streams,
reintroduce fish into streams, clean up beaches, monitor water quality, recycle

waste, collect hazardous substances, and educate the pubhc :

5

It is important to attempt to assess our current knowledge of the status of Puget
Sound’s water quality and biological resources from both a historical perspective as
well as in comparison to other similar estuarine systems. The historical perspective
is important because it allows us to compare the present problems with those of the
past and to look at the effectiveness of past measures that were aimed at cleaning up

- pollution in the Sound. Unfortunately, it is difficult to gain a historical perspective

on a particular environmental problem (such as wetland losses or tissue levels of
contaminants) because long-term data are often not available. In addition, com-
parison with other estuarine systems is very difficult because of the inevitable dif-
ferences in the physical, biological, demographic, and economic features of the
systems. Despite these difficulties, cautious interpretation of comparative informa-
tion allows us to see how severe the problems in Puget Sound are relative to those
of other estuaries. Also, by seeing how other regions have handled their problems,

- we may be able to make better decisions about how to handle our own problems or

avoid problems before they arise.

In terms of a historical perspective on the problems in Puget Sound, it is mgmﬁcant
to note that descriptive and qualitative observations of the bottom habitats in some
areas of the urban bays (e.g,, the Tacoma waterways and Everett Harbor) made in
the 1950s indicated that many parts of these bays were completely devoid of life, or
"abiotic". Bottom samples collected in the 1980s are rarely abiotic, although the bot-
tom communities in cértain urban embayments continue to.show signs of stress

(e.g., reduced numbers of species). However, the bottom-dwelling communities of
the central basin of the Sound appear to be quite healthy and rich in species. A
second indication of water quality improvement from a historical perspective is that
we are beginning to see that maximum concentrations of certain chemicals (suchas
lead, mercury, silver, PCBs, PAHs, and DDT) are found in sediment layers that are
below the surface sediment layer in central Puget Sound. This appears to indicate
that more recently deposited sediments have lower concentrations of certain con- '
taminants than did sediments that were deposited 20 or more years ago.

Despite theAimportance of the subject for scientists and managers, nothing more

- than a superficial scientific comparison of the natural and contaminated states of

bays and estuaries nationally and internationally has ever been performed. Qualita-

“tive comparisons show that most estuarine systems are affected by the same major
- sources of contamination and resource depletion that result in water quality and

habitat degradation, though to varying degrees. Puget Sound is unique because
comparable biological communities are present in both the degraded areas and the
relatively unaffected areas. Thus, the Sound provides a natural laboratory for the
study of contaminants and their effects on natural populauons

A more quantitative comparison of the prevalence of toxic chemical contamination
in the coastal environment of the United States is being conducted by the National
Oceanic and Atmospheric Administration (NOAA). Sampling of sediments and tis-
sues of bivalve molluscs and bottom-dwelling fish is performed at over 200 sites, 11

_ of which are located in the Sound. Because site characteristics (e.g., degree of tidal

flushing and proximity to outfalls) and the species sampled vary, direct comparisons
between areas are not possible. However, some interesting information is being
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developed by this program. Selected sites in Boston Harbor and Raritan Bay on the
east coast and in San Diego Harbor in southern California generally had higher sedi-
ment contaminant concentrations than the few specific sites that are sampled in the
Sound (Commencement Bay, Elliott Bay/Four Mile Rock, and Nisqually Reach).
However, the Four Mile Rock site had the highest PAH concentrations of any site in

" the country.

Comparative studies of tissue concentrations of contammants in fish from sites
around the United States indicate that PCB concentrations in fish from the Hudson
River, New York Harbor, San Diego Harbor, and much of Lake Michigan exceed

" those in fish collected from Commencement and Elliott Bays. However, PCB con-

centrations in fish tissue in Boston Harbor, western Long Island Sound, and San
Francisco Bay are lower than those in Commencement and Elliott Bays. PCB levels -
in harbor seals from southern Puget Sound were among the highest in the world in
the 1970s, although recent data suggest “that these levels are declining.

One of the most important things to remember when considering the overall condi-
tion of Puget Sound and its resources is that the problems we sce today did not

. occur overnight; they are the product of over 100 years of urban, industrial, and '
‘agricultural activity in the area. However, this does not mean that it will take

another 100 years to clean up the Sound. Significant progress has been made in the
last decade to recognize and begin to correct some of the problems. In addition,
programs are now in place that are designed to help prevent the further degradation
of water quality and biological resources in Puget Sound and, in the long run, im-
prove the overall health of the ecosystem. However, there is still more that needs to.
be done. :

There are a number of issues that were not adequately addressed in the 1987 Puget
Sound Water Quality Management Plan. These issues need further analysis to deter-
mine to what extent they affect water quality and resources in the Sound and
whether they are adequately addressed by existing laws and programs. Some of -
these issues are: transportation of hazardous substances; alternative means for treat-
ing human wastes; use and control of pesticides and other toxicants; human health
risks associated with infectious wastes, toxicants, and the consumption of fish and
shellfish; the regulation of federal facilities; atmospheric deposition of pollutants;
the effects of plastics in the marine environment; the effects of nutrient enrichment
in the Sound; and the effects of groundwater contamination on the Sound. These is-
sues will be briefly discussed in the draft 1989 Puget Sound plan and, based on
public comment, may be expanded and more thoroughly addressed in the final plan,

In addition to these issues, there are three general areas that need to be focused on
and implemented if we are going to be able to protect the health and diversity of
Puget Sound and its resources: research, monitoring, and education and public in-
volvement. In the Puget Sound plan the Authority began efforts to create com-
prehensive programs in these three areas. Committees were established to set -

research priorities and deal with other research issues, to develop a Soundwide am-
bient monitoring program, and to develop a long-term strategy for education and
publlc involvement. :

The final report from the Committee on Research in Puget Sound was completed in
March 1988, and received considerable discussion at the First Annual Meeting on
Puget Sound Research that was held in Seattle-on March 18 and 19, 1988. The com-
mittee concluded that there is no comprehensive and coordinated program for re-
search on Puget Sound. It also recommended that a new institutional structure--the
Puget Sound Research Foundation--be established to set Soundwide research’
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priorities, generate research funding, translate and disseminate research results, and
" facilitate access to data so that management decisions in the future can be based on
more factual, usable information. The committee suggested that the foundation
would help generate the information that is necessary to understand the Sound’s
rich and complex ecosystem and to manage this system more effectively. The
committee’s recommendations will be considered by the Authority in preparing the
1989 Puget Sound Water Quality Management Plan that is scheduled to be released
as a draft in June 1988.

The funding of a comprehensive, Soundwide monitoring program is also required to
develop meaningful, long-term trends data for Puget Sound. This information is es-
sential to detect improvements in the Sound that result from various management
strategies and actions. It is also necessary to detect continued degradation that may
be occurring that would require additional management and regulation. The final
Teport on the proposed Puget Sound Ambient Monitoring Program was completed
in April 1988 and includes a proposed sampling design, a data management ap-
proach, an institutional structure to manage the program, and a cost estimate for
the proposed program. The Authority and Ecology have already identified funding
for an initial phase of the program. This monitoring plan will be consxdered by the
Authority in preparing the 1989 Puget Sound plan.

Education is also important for the Sound’s future. To support the effort to in- .
Crease awareness about water quality and Puget Sound, the Authority is distributing -
$1 million from the state Centennial Clean Water Fund for model projects in educa-
tion and public involvement through the Public Involvement/Education Fund (PIE-
Fund). The Authority also established a 12-member advisory panel, the Education
and Public Involvement Advisory Group to develop a long-range strategy for educa-
tion and public involvement related to Puget Sound. Six work teams composed of
public and agency members considered a spectrum of issues relevant to education
and public involvement. Eight background reports were produced which examine
the role of formal education (kindergarten through twelfth grade and post-secon-
dary), nonformal education, media, public involvement, action programs (e.g.,
Adopt-a-Stream), state agencies and interpretive centers, and user groups (e.g., busi-

" ness and industry) and their potential relation to the strategy. Specific elements of

the education and public involvement strategy include increasing resources to local
activities and programs; setting overall cleanup goals that the public and private sec-
tor can work toward; coordinating information resources; and making institutional
improvements such as teacher training and coordinated state agency education and
public involvement efforts. The draft strategy was completed in May 1988 and will
be considered by the Authority in preparing the 1989 plan.
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Chapter 2:
The Puget Sound Basin

This chapter describes the natural characteristics of the Puget Sound water quality

. planning area. This area encompasses the marine waters of Puget Sound south of

Admiralty Inlet (including Hood Canal and Saratoga Passage), the marine waters
north to the Canadian border (including portions of the Strait of Georgia), and that
portion of the Strait of Juan de Fuca that is south of the international boundary
with Canada. The planning area also includes the entire land area that drains into '
these water bodies. Although this chapter addresses the physical and biological fea-
tures of the entire Puget Sound area, in many cases data are only available for Puget

.Sound south of Admiralty Inlet. The water quality planning area covers about’

16,000 square miles (41,440 square kilometers), of which 80 percent is land and 20
percent is water (see Figure 2-1; Burns, 1985). There are about 2,354 miles (3,790

- kilometers) of marine shoreline in the 12 counties that make up the Puget Sound

planning area (Washington Department of Natural Resources, 1977).

Puget Sound and the Strait of Georgia in Brmsh Columbia are inland arms of the
Pacific Ocean. Their main connection to the Pacific is through the broad Strait of
Juan de Fuca. Puget Sound south of Admiralty Inlet is especially complex and con-
sists of a set of interconnecting basins with diverse and highly producuve habitats
and marine life.

The Strait of Juan de Fuca (see Figure 2-2 for place nameé) and the Strait of Geor-

gia are large estuarine water bodies that are separated by a shallow ridge that breaks

the water’s surface as the San Juan Islands and forms sills in the passages between
them. The shallow sill at Admiraity Inlet separates the rest of Puget Sound from
these straits. The portion of the basin south of Admiralty Inlet contains approxim-
ately 38 cubic miles (158 cubic kilometers) of water (McLellan, 1954). The surface
water temperature averages 55°F in summer and 45°F in winter and has an average
salinity of 27 parts per thousand. Deep water in the Sound is around 43°F year
around with a salinity of 30 parts per thousand (Burns, 1985).
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: State of the Sound 1988 Report

FRESHWATER
RESOURCES

Precipitation

Puget Sound south of Admiralty Inlet is divided into four sub-basins by sills that
average 150 feet (46 meters) in depth. The Main Sub-basin lies between the sills at °

"~ Admiralty Inlet and the Tacoma Narrows and includes about 45 percent of the area

and 60 percent of the volume of the four Puget Sound sub-basins (Burns, 1985).

The deepest point in the Sound (920 feet or 281 meters) is located in this sub-basin
just north of Seattle. The Whidbey Sub-basin lies between Whidbey Island and the
castern mainland and includes Saratoga Passage and Port Susan. Hood Canalisa -
long, narrow sub-basin with a major bay at Dabob Bay and a sharp eastward bend
near its head at Lynch Cove. The Southern Sub-basin is the most complex of the
basins because of its many inlets and islands and its convoluted shoreline. The
southern inlets are the shallowest parts of the Sound and include Iarge areas of tidal

" flats.

Land formations along the shores of the Sound consist primarily of bluffs and
beaches left by the retreat of glaciers and subsequently modified by erosion and
deposition by rivers. Some pre-glaclal rock formations are exposed at sea level in
the northern Puget Sound region starting at Fidalgo Island and extending through

~ the San Juans (Figure 2-3). Virtually all of the rolling lowland areas of the islands

and mainland of the Puget Sound area are formed of and underlain by glacial
deposits of clay, sand, and gravel (Pacific Northwest River Basins Commission,
1970).

'Soils in the planning area are geqeraliy poor due to their relative youih and their
origin from glacial erosion. Mountain soils originate from the weathering of

- bedrock and contain little humus. Soils in the lowlands have developed a higher or-

ganic content from several thousand years of forest growth. Older and relatively
richer soils are found in the southetn lowland that was less affected by glaciation
(Pacific Northwest River Basins Commission, 1970). Drainage can be hampered in
some areas by subsurface clay deposits, producing marshy or boggy soils. Overall,
the natural lowland soils of Puget Sound are not well suited to agriculture but often

- support forests. The highest quality soils are found in the flood plains of rivers,

especially in diked wetlands of high organic content such as those of the Skagit
delta. An areawide study of soil usabnhty found that 72 percent of the langd in the
Puget Sound area had a high erosion potential, while 43 percent of the land had
some degree of wetness that limited its usability (Pacific Northwest River Basins
Commission, 1970).

Because Puget Sound is an estuary, its natural properties are affected by the inflow -
of fresh water. Fresh water enters the Sound from precipitation as rain or snow and

" as groundwater. However, by far the largest source of fresh water inflow to the
“Sound is surface water from rivers and streams.

Precipitation at measuring stations in the basin averages 16 to 96 inches (41 to 244
centimeters) per year, depending on location (Figure 2-4). The wettest places are
the upper valley reaches of the western slopes of the Olympics and Cascades which
strip the moisture from the ascending winds (estimates of up to 200 inches or 508
centimeters per year have been reported from the upper Nooksack Valley; National
Weather Service). The driest area i