




































































































































































































































































































































































































































































































































































































































































































































































































































































































































MEASURES OF CONTAMINATION AND BIOLOGICAL EFFECTS 

could be lifted out through the roof door and banded. After the nesting season in 1993, adult guillemots 
were captured for banding using a black nylon Avinet Inc. mist net (18.3 x 3m, 100 mm mesh, 210 denier, 
4-ply) attached on the outer edge of the pier at Fort State Park. In 1994, before nest initiation at 
Fort Worden, observations to look for the banded birds were made on three days for a total of approxi­
mately eight hours. After nest initiation, observations were made on four days for a total of approximately 
five hours. 

Results and Discussion 
At Fort Worden State Park, guillemots successfully fledged young from the same two boxes in 1992, 

1993 and 1994. Although guillemot chicks hatched in two additional boxes in 1994, young fledged from 
only one of the boxes. The same two openings on the outer edge of the pier were occupied by guillemots 
all three years of monitoring, and young fledged each year. The one adult that was captured and banded 
while incubating in a nest box successfully fledged one young, which was subsequently banded. A total of 
21 chicks from the nest boxes and pier openings at the Fort Worden State Park colony have been banded. 
Only one of the boxes at the Port of Olympia was occupied by guillemots in 1993 and 1994. The 
incubating adult bird was captured in the nest box and banded in 1993. Three weeks after the egg was 
observed pipping, the box was rechecked and the chick was absent. Since the pier was connected to land 
on one end, the box may have been accessible to predators such as rats or cats. Before the nesting season 
in 1994, the box was moved to a section of the pier that was not accessible from land and the banded adult 
successfully fledged one young. None of the boxes at the DNR docks in Olympia were used by 
guillemots. 

None of the nest boxes in Seattle were used by guillemots in either 1993 or 1994; however, two other 
locations near the boxes were used both years. None of the boxes at Westport were used by guillemots the 
first year (1993), but two of the six were used the second year. Two of the 21 boxes on Protection Island 
were used the first year (1994), one successfully. One adult was captured while incubating in a nest box 
on Protection Island. The next time the box was checked it was found tipped over, which possibly caused 
the nest to be unsuccessful. 

Pigeon guillemots used boxes lacking tunnels and all the different tunnel lengths, except for the 50 em 
tunnels. The length of the tunnel did not seem to affect use of the boxes by rock doves. Rock doves used 
boxes under all the pier locations except in Seattle. Unidentified birds that used a large quantity of grass 
as nesting material utilized boxes at the DNR dock in Olympia and one box at Westport. 

Use of the mist net at Fort Worden State Park was successful in the fall after the nesting season in 
1993, but not in the following year before the nesting season. Eight adult guillemots were captured and 
banded in 1993. In 1994, three or possibly four adults that had been banded in 1993 were observed. At 
least one chick banded in 1992 and one in 1993 also were observed. The chicks could not be individually 
recognized because only one leg was visible for color band identification. Observations of banded birds at 
Fort Worden State Park were difficult because of the distance between the birds and the observers, rapid 
flights past the observers, and poor light conditions. 

Pigeon guillemots have not used the nest boxes enough at this time to be considered as an appropriate 
contaminant monitoring species. In 1995, boxes will be placed at several new locations within the same 
colonies. The effect of box orientation relative to the shoreline or edge of the pier will be examined to 
determine the effects, if any, on use by pigeon guillemots. At least one to two more years are needed to 
evaluate the use of guillemots as a monitoring species for the PSAMP. 
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PUGET SOUND WATERSHED PERCEPTIONS OF WATER QUALITY AND QUANTITY 
PROBLEMS 

Gene E. Patterson1 

INTRODUCTION 

During August and September of 1994, a mail survey was conducted of 1,307 residents of watersheds 
draining into Puget Sound. A little more than one-third of the questionnaires were completed by residents 
of the Eld and Totten/Little Skookum watersheds in southern Puget Sound~ The remainder came from 
northern Puget Sound residents of Whatcom and Skagit counties and the Stillaguamish watershed in 
northern Snohomish Coutity. · 

A main purpose of the study was to help staff from the Washington Department of Ecology understand 
how watershed residents perceived their connection to enhancing and preserving water quality. ror the 
northern watersheds, a related purpose was to establish a baseline from which to evaluate the effectiveness 
of upcoming educational programs. The study in the southern areas sought to evaluate existing programs 
for the Eld and Totten/Little Skookum watersheds, which have been the focus of a· concentra~d, local 
government -sponsored water quality education campaign. In essence, surveying both the northern and 
southern watershed areas allowed for comparisons between residents in watersheds that had undergone 
intensive educational efforts and residents of areas just beginning intensified educational efforts. 

Since the study design divided the respondents into 467 southern Puget Sound and 840 northern Puget Sound 
residents, the results are reported separately for these two groups, with comparisons summarized at the end. 

Southern Puget Sound Residents (Eid and Totten/Little Skookum watersheds) 

Water Resource Priorities 

When asked what were the most important environmental issues facing their local area, 44% wrote 
down something related to water pollution. 

Out of a list of 17 water resource problems, Eld and Totten/Little Skookum watershed residents seemed 
most concerned about Puget Sound pollution in general, and fish and shellfish habitat destruction in 
particular. Pollution from industries and septic tanks, pollution of rivers and streams, increased amounts of 
runoff, and stormwater pollution were secondary concerns. Pollution from agriculture or home gardening 
was a minor problem, as were water rights, drinking water availability and purity, sewage treatment plant 
pollution, and flooding. 

Most residents seemed to think that water quality had stayed about the same over the previous five 
years (56%), although more people were likely to say water quality had worsened (21%) than said it had 
improved (6%). 

Information Sources 

Almost everyone had heard about how to save water and how to prevent water pollution through the 
mass media (90%), and a majority through word of mouth (70%) and brochures received in the mail (64%). 
Out of a printed list of eight local water-enhancement programs, residents were most familiar with Adopt­
A-Stream (73%), Adopt-a-Beach (62%), and Common Sense Gardening (60%). Residents with graduate 
school experience were more likely to be aware of local programs. 

Overall, 40% had participated in at least one water-related program. Residents were most likely to 
have actually participated in Country Living (31%) and Common Sense Gardening (30%). People 65 or 
older and those with a high school education were more likely than the rest to have been participants in 
these two programs. 

1 Elway Research, Inc., 2125 Fifth Ave., Seattle, WA 98121 
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People who were knew about fewer than five of the eight programs were less likely to consider 
themselves environmentalists, less likely to have changed their household habits to conserve or protect 
water, and less interested in finding out more about water-related ~opics. They were also more likely to be 
on a community water system. 

Household Habits and Government Involvement 
Almost all residents were on septic systems (90% ). Among these people, 70% had had maintenance 

work done on them within the previous five years. 
A majority indicated that they practiced each item on a list of five water conservation/protection 

measures. Most common were reduced use of yard chemicals (67%) and use of low- or no-phosphate 
detergents (66%). More than a third of surveyed residents (37%) saw themselves as already doing a lot to 
conserve and/or protect water. 

In an open-ended question, residents indicated that information and educational programs would do the 
most to influence them to do more to conserve and/or protect water (20% mention). On the other hand, 
almost two-thirds (65%) thought they knew enough about water conservation and protection. Changes in 
water quantity (8%) and monetary incentives (7%) were considered secondary influences on their behavior. 

Enforcement of existing water pollution control regulations (50%) was what these residents considered 
important, not creation of new laws (13%). Overall, 61% would pay at least $1 per month to help reduce 
water pollution. 

Residents were most interested in finding out more about natural landscaping ( 40% ), protecting their 
wells from contamination (36% ), and home practices for protecting water quality (36% ). 

Northern Puget Sound Residents (Whatcom, Skagit, and northern Snohomish counties) 

Water Resource Priorities 

When asked what were the most important environmental issues facing their local area, 36% wrote 
down something related to water pollution. Issues connected to land use and development came in second 
(23% ), followed by timber-related concerns (21% ). 

Out of a list of 17 water resource problems, Northern Puget Sound watershed residents seemed most 
concerned about Puget Sound pollution in general (88% noted it as a "major" or "minor" problem), and 
fish and shellfish habitat destruction in particular (84%, including 63% "major problem"). Pollution of 
local streams and rivers was also a top priority (86%, but only 40% "major problem"). Most of the listed 
issues, however, were concerns for a majority of respondents. The exceptions were water availability 
(46%) and sewage treatment plant pollution (45%). Overall, it appears as though residents were most 
worried about aquatic habitat degradation, and least concerned about drinking water supplies. 

Half thought that local water quality had stayed about the same during the previous five years (50%), 
although more people were likely to say water quality had worsened (24%) than to say it had improved 
(8%). 

Information Sources 

Most everyone had heard about how to save water and how to prevent water pollution through the 
mass media (88%), and a majority through word of mouth (69%) and brochures received in the mail (59%). 

Out of a printed list of eight local water-enhancement programs, the 362 Whatcom County residents 
were most familiar with Friends of Lake Whatcom (65%) and the North Cascades Audubon Society (61%). 
Skagit County residents (364 surveyed) were most familiar with Adopt-a-Stream (71 %) and Master 
Gardeners (55%). The 114 surveyed residents of the Stillaguamish watershed in north Snohomish County 
were most familiar with Adopt-a-Stream (78%) and the Stillaguamish Festival of the River (63%). 

People who knew about fewer than four of the eight programs were less likely to consider themselves 
environmentalists, less likely to have changed their household habits to conserve or protect water, and less 
interested in finding out more about water-related topics. 

Overall, 18% had participated in at least one water-related program. 
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Household Habits and Government Involvement 

Two out of five northern Puget Sound residents were on septic systems (39%). Among these people, 
67% had had maintenance work done on them within the previous five years. 

A majority indicated that they practiced each item on a list offive water conservation/protection 
measures. Most common·were use of low- or no-phosphate detergents (61 %) and reduced outdoor 
watering (61 %). 1bree out of 10 residents (31 %) saw themselves as already doing a lot to conserve and/or 
protect water. 

In an open-ended question, residents indicated that information and educational programs would do the 
most to influence them to do more to conserve and/or protect water (21% mention). On the other hand, 
almost two-thirds (63%) thought they knew enough about water conservation and protection. Changes in 
water quantity (9%) and monetary incentives (9%) were considered secondary influences on their behavior. 

Enforcement of existing water pollution control regulations (50%) was what these residents considered 
important, not creation of new laws (12%). Overall, 57% would pay at least $1 per month to help reduce 
water pollution. 

Residents were most interested in finding out about protecting home water quality (39% ), natural 
landscaping (34% ), and non-toxic household products (36% ). 

Comparisons between southern and northern watershed residents 

Respondent Characteristics 

The northern watershed stUdy participants were more likely than those in the southern area to be 65 
years or older (28% compared to 18%). Most southern area residents lived in places they considered to be 
rural (79%, compared to 34% of those in the northern areas). Northern area residents were less likely to 
have a college degree (35%, compared to 49% among southern area residents). 

Southern area residents were much more likely than those in the northern study area to ·use private 
water wells (52% compared to 15%). Septic system use was much more prevalent among the southern 
area respondents (90% compared to 39% ), although similar proportions of septic system owners had 
inspected or pumped out their tanks recently. 

Due to the small size and location of the southern watersheds, residents there were much more likely to 
live on the water (33%compared to 8%). About 9% of each sample kept farm animals on their property. 

Southern area residents were more apt to consider themselves environmentalists (60% to 49%). 

Water Resource Priorities 

Residents from the southern and northern watersheds named very similar topics as the most important 
environmental issues, namely, water-related pollution problems. 

Compared to northern area residents, southern residents were much more likely to name septic system 
pollution as a local problem (81% compared to 62%). Flooding was a major concern for northern area 
residents (74%) and hardly a problem for southern residents (43%). Runoff from farms was also more 
problematic for northern residents (73%) than for southern residents (62%). Neither sample was very 
worried about drinking water availability or purity. 

About half of those surveyed in both areas thought water quality had not changed much recently. 

Information Sources 

For both the northern and southern Puget Sound study areas, mass media and word of mouth were the 
primary sources of information on how to conserve water and reduce water pollution at home. 

Findings suggest that, compared to those in the northern watersheds, southern area residents were more 
aware of their local water .quality enhancement programs. Caution must be used, however, in interpreting 
these results, since the number and type of programs vary by location. 

Compared to northern area residents, southern watershed residents were much more apt to have 
participated in at least one of the listed programs (40% to 18%). 
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Household Habits and Government Involvement 

Majorities of both northern and southern area residents practic~d water conservation and protection 
measures at home. Northern area respondents were a little less likely to say that their household is already 
doing a lot to save and protect water (31% to 37% ). 

Both groups thought "additional information" would be the best way to get them to do more to 
conserve and protect water resources (20%-21% mention). 

The two groups were nearly identical in their priorities for water pollution control: Half of each group 
preferred enforcement over new laws. Majorities of both groups were willing to pay at least a dollar a 
month to help reduce water pollution (61% of southern and 57% of northern area residents). 

Compared to northern area respondents, those in the southern study area were much more interested in 
protecting their water wells (36% compared to 12% ), and somewhat more interested in natural landscaping 
and gardening (40% compared to 34%) and composting (30% compared to 24%). This is to be expected, 
since southern area residents were more apt to have private wells. 

CONCLUSIONS 

Overall, surveyed residents of various watersheds around Puget Sound showed serious concern about 
issues related to local water quality. In both surveyed watershed areas, residents were most worried about 
Puget Sound pollution in general, and fish and shellfish habitat destruction in particular. In contrast, few 
residents seemed worried about the purity or availability of drinking water. 

Majorities of residents in all areas said that they practiced each of five listed water conserva­
tion/protection measures. In fact, more than three out of 10 indicated that their household was already 
"doing a lot" to save water and prevent water pollution. This points out that most residents perceive 
themselves as being involved in water issues at the household level. 

Similarly, almost two-thirds of residents thought they knew enough about water conservation and 
protection. People under 35, however, showed greater interest in almost. all suggested topics. This age 
cohort also generally expressed greater concern about water quality issues. 

Comparisons between the watersheds suggest that focused educational efforts in the southern watershed 
are paying off: Southern area residents were much more likely than northern area residents to be aware of 
and participating in local programs. Another interesting point is that two of the southern area pro­
grams-Country Living and Cmpmon Sense Gardening-appealed to types of people who were not 
normally attracted to water quality educational programs, namely, people 65 years or older and those whose 
education ended in high school. This may be because these two programs provided practical suggestions 
for efficient gardening and watering, with less of an emphasis on environmental effects. 

Overall findings suggest that reaching "unaware" or ''uninvolved" residents poses some challenges. 
Many did not practice water conservation measures, and many did not consider themselves environmental­
ists. A number of them appeared to lead busy lives, and, compared to "aware" or "involved" residents, 
fewer of them had graduate school experience. On the other hand, almost two out of five said they lacked 
information on water conservation and protection. This suggests a desire for more information, but perhaps 
with less of an "environmentalist" perspective. 

ACKNOWLEDGMENTS 

The author wishes to acknowledge the contributions of all those who took part in this study, particular­
ly Annie Phillips of the Washington Department of Ecology. Thanks also go to the representatives of local 
governments in Mason, Skagit, Snohomish, Thurston and Whatcom counties who suggested topics for 
inclusion in the survey instrument. 

940 



. 1 

ESTABLISHING LINKS: THE HUMAN FACTOR 

THE SUCCESS OF WATER WATCHER ADULT EDUCATION PROGRAMS: HOW PEOPLE 
FORM RELATIONSHIPS WITH CONTROVERSIAL PUBLIC POLICY CONCERNS AND 
MOVE TO LOCAL STEWARDSHIP ACTION 

L. Katherine Bari11 and Lyn Pinkerton2 

ABSTRACT 

Previous research has shown that efforts to protect Puget Sound, particularly watershed planning; are a 
political, not a scientific, process. However, very little research or documentation has been done on efforts 
to change the attitudes and behaviors of adult public policy and decision-makers. A very successful model 
of adult education and involvement has been the Watcher community education programs that operate in 
counties around Puget Sound, in states as diverse as Alaska, Idaho, Ohio, Delaware and Texas, and in three 
foreign countries. Starting as a 1988 Public Involvement and Education project with Puget Sound Water 
Quality Authority contract funds, this program has been very successful in building local citizen awareness, 
action, and political constituencies for water quality protection. 

Our objectives are to document for researchers, public policy professionals, and water quality managers 
a successful model of community involvement and action in water quality issues, and to increase the 
awareness of common property ownership models that may be applicable to today's water and salmon 
controversies. Eight years of empirical and anecdotal research and evaluation exist on the Water Watcher 
programs in Puget Sound. 'This data, as well as participant references, will be analyzed and compared to 
current public policy and sociology research. The data from the Watcher programs will be compared to the 
principles currently being identified by Kettering (1992), Harwood (1994) and Yankelvitch (1992), and key 
indicators of success will be defined and substantiated for evaluation and replication. 

Awareness and support of this successful public policy education strategy will increase understanding 
of the elements necessary to help the public "work through" difficult issues and come to a new stewardship 
public judgment. We conclude that: 

• Initiatives to engage citizens on public policy issues must recognize and work with the idea of 
"meaningful chaos" and tap into the possibilities of building new, stronger relationships among diverse 
adversaries and interests. 

• There are documented and established techniques and approaches that can significantly increase a 
community's ability to identify with and take action on public policy issues. These approaches are 
rarely used in today's traditional watershed planning in Puget Sound. 

• There is a significant body of national research expertise and a knowledge base that documents the 
basic tenets that lead to the success of the Watcher model. By understanding these principles, Puget 
Sound planners and agency representatives could be more successful in bringing about the changes in 
attitude, behavior and lifestyle that are necessary to protect Puget Sound. 

The Water Watcher, Bay Watcher and related programs offer a critical model for local planning efforts 
to involve the public in complex, controversial issues in a successful manner-a manner that results in an 
educated and supportive constituency and action rather than aversion to water issues. 

1 Washington State University Cooperative Extension, P.O. Box 572, Port Townsend, WA 98368 
2 University of British Columbia 
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CONNECTIONS BETWEEN BELIEFS AND VALUES AND ENVIRONMENTAL POLICIES: THE 
MANAGEMENT OF CONTAMINATED SEDIMENTS IN PUGET SOUND 

Thomas M. Leschine1 and Kent A. Lind2 

INTRODUCTION 

Sediment contamination in the Puget Sound basin is a problem of long-standing concern. Even though 
the release of toxic chemicals via industrial and municipal sources appears to have peaked during the 1950s 
and 1960s, contamination persists in many areas. In urban bays concentrations of some contaminants are 
100 or more times greater than the levels found in sediments in rural areas (PSWQA, 1992). Although 
much of this contamination is historical, point source discharges, non-point runoff, accidental spills and 
atmospheric deposition continue to add contaminants to the system. 

Extensive studies have documented numerous adverse effects from sediment contamination. These 
include impaired growth in marine invertebrates, decreased reproductive success, tumors, fin erosion and 
other abnormalities in bottom fish, and compromised immune systems in Chinook salmon (Casillas, 1993; 
Casillas et al., 1992; Johns et al:, 1989; Matins et al., 1984; Varanasi et al,. 1992, 1993). Some contami­
nants bioaccumulate in marine organisms, thus generating pathways by which they may be passed on 
through the food chain to humans as well (PSWQA, 1992; Varanasi et al., 1993). 

In 1991 Washington became the first, and to date only, state to adopt specific standards for the 
assessment and management of contaminated marine sediments (EPA, 1992). With roots in the referen­
dum-generated Model Toxics Control Act, Washington's sediment management initiative has to date 
engendered relatively little public controversy. Nevertheless, the cost and difficulty of dealing with 
contaminated sediments is potentially quite high. The Department of Ecology has estimated that costs 
associated with meeting current sediment-based source control regulations could exceed $400 million. In 
Elliott Bay alone, remediation of sediment contamination could require the capping or removal of more 
than 7,500,000 cubic yards of sediments (Ecology, 1990). Moreover, potential liability for contaminated 
sites has raised concern among both public and private submerged lands owners, who fear they could be 
forced to bear the costs of cleanup actions (Boren, 1994). 

With the contaminated-site rankings required by Ecology's regulations yet to be published and only 
voluntary or federally mandated site cleanups having so far taken place, many of the elements of Ecology's 
sediment management initiative that are capable of engendering significant conflict have yet to emerge. It 
is appropriate therefore to examine in more detail the nature of the consensus over the direction of the 
sediment management program that has emerged to date, and to probe for areas where consensus could 
weaken as current program development efforts give way to program implementation. We pursue these 
questions in this article using the results of a mail survey we conducted during the first half of 1994. The 
survey focused on the beliefs, v~ues and attitudes of knowledgeable individuals affected by or directly 
involved with the state's emerging sediment management program. It was developed to reflect a number of 
research hypotheses about the nature of the interaction among opposing forces in policy debates, embodied 
in the so-called "Advocacy Coalition Framework" (Sabatier, 1988). 

THE CONTAMINATED SEDIMENT POLICY SURVEY 

During the spring of 1994 we conducted a mail survey of a broad spectrum of individuals connected to 
Puget Sound's sediment management arena. We were seeking information on their beliefs and values with 
respect to environmental management in the region generally and in connection with the emerging sediment 
management program more specifically. We also sought information on policy preferences with respect to 

1 School of Marine Affairs, University of Washington, Seattle, WA 98195 
2 Plans and Regulations Division, National Marine Fisheries Service, Silver Spring, MD 20910 
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a number of specific issues that we felt, based on our background research, were important to Ecology's 
current sediment management program. Our survey sample included agency personnel, environmental 
group members, tribal representatives, landowners potentially affected by the sediment management 
initiative, and university scientists and environmental consultants who had been involved with aspects of 
the contaminated sediment problem. The agency personnel surveyed represented both regulatory and 
resource agencies like Ecology, EPA and NOAA, as well as regulated or potentially liable public agencies 
such as the Department of Natural Resources (DNR), King County Metro, and the region's public ports. 
Sixty of the 92 surveys mailed were returned, for a response rate of 65 percent. 

The Advocacy Coalition Framework 

The survey was constructed and analyzed using the Advocacy Coalition Framework (ACF) developed 
by Paul Sabatier and his Colleagues (Sabatier, 1988, 1993). The ACF model posits that many important 
policy debates take place largely outside the public eye, involving relatively small but fluid groups from 
legislative committees, public agencies and affected interests that interact over fairly long periods of time. 
These interactions serve to shape the policies that ultimately emerge, and the policies that are adopted 
reflect the belief systems of those having a dominant influence on their development. Policies thus embody 
not only a set of priorities over values, but also specific assumptions about the underlying causes and 
significance of the conditions being addressed. Beliefs about the ability of the policy approaches adopted 
to achieve desired policy ends are also important. Surveys and content analysis of public documents are 
among the primary research tools used by ACF researchers. 

An "advocacy coalition" consists of interest-group leaders, legislators, agency officials, researchers, 
journalists and others who share a set of normative and causal beliefs, and who seek to realize these beliefs 
by influencing the behavior of government institutions over time (Sabatier and Zafonte, 1994). When 
policy debates involve significant components of scientific and technical information, such information may 
enter the policy arena through the process of "analytical debate." Opposing advocacy coalitions develop or 
defend their positions by introducing evidence to demonstrate (or dispute) the seriousness of perceived 
policy problems, the workability or cost of proposed solutions, or the extent to which the problems under 
discussion can really be identified with particular causes (Sabatier, 1988). Policy development in such 
domains as offshore oil and gas leasing, water allocation policy, and watershed-based environmental 
management has been usefully analyzed via the ACF model (Sabatier and Jenkins-Smith, 1993). 

Attitude and opi¢on surveys typically emphasize preferences and attitudes regarding current issues or 
events of broad societal concern or regarding present or proposed government policies or programs. While 
similarly focused, ACF-based survey research depends also on the ability to identify the beliefs and values 
that participants in a particular policy domain hold at deeper levels. ACF researchers argue that policy­
relevant beliefs include such fundamental or "deep core" beliefs as attitudes concerning the nature of the 
relationship between humans and their environment or the balance that society should strive for between 
individual freedom and government control (Sabatier, 1993). More obviously policy-relevant beliefs and 
values can be further subdivided into ''policy core" beliefs (regarding preferences with respect to the basic 
strategies that might be employed to achieve desired ends) and other "secondary" aspects of belief systems. 
The latter category includes the beliefs about the efficacy of specific approaches for resolving contemporary 
problems that are often the focus of public opinion surveys. 

Well-defined advocacy coalitions exist in a policy domain when members of the groups seeking either 
to change or to maintain government policies show similar values and causal beliefs. Opposing coalitions, 
while defined by the ways in which their belief systems differ, may nevertheless share beliefs and values in 
a number of areas important to particular policy debates. ACF researchers argue that it is this sharing of 
beliefs and values across otherwise opposing interests that makes relatively painless policy change possible. 
The institutions associated with the policy-making process in a particular policy arena can play significant 
roles in promoting greater cross-coalition sharing of beliefs, a process Sabatier calls ''policy learning," 
through their information production and dissemination efforts. A basic tenet of ACF research, however, is 
that when deep divisions exist in beliefs in "deep core" areas, the corresponding policy problems are 
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unlikely to find easy resolution. Moreover, the ability of scientific and technical information injected into 
the policy arena to promote consensus-building appears to depend on a number of institutional and 
situational factors whose influence is poorly understood (Sabatier, 1988). 

CONTAMINATED SEDIMENT MANAGEMENT FOR PUGET SOUND: COOPERATION IN A 
POLICY ARENA MORE OFTEN MARKED BY CONFLICT? 

The widespread presence of .contaminated sediments in the urban bays of Puget Sound, together with 
evidence that this contamination is having detrimental effects on bottom-dwelling marine organisms in 
regular contact with contaminated sediments, has been documented in studies going back to the 1970s. By 
the mid-1980s, several Puget Sound-based programs had emerged to deal with the problems of assessing 
and managing sediment contamination. These include the Commencement Bay "Superfund" investigation, 
the Puget Sound Dredge Disposal Analysis (PSDDA), EPA's Puget Sound Estuary Program (PSEP), the 
Department of Ecology's Urban Bays Action Teams (UBATS) and the Puget Sound Water Quality 
Management Plan. The 1991 Washington State sediment management standards (WAC 173-204), which 
make use of approaches developed in some of these other initiatives, can thus be seen as the culmination of 
a variety of interagency and intergovernmental cooperative research, development and planning efforts 
spanning a time period of more than a decade. 

PSDDA, an interagency group of state, federal and local agencies now entering its second decade, has 
met with success in developing guidelines for evaluating dredged materials for disposal and in locating 
disposal sites within Puget Sound. The high degree of consensus achieved over these initiatives seemingly 
stands in sharp contrast to the experience of many other regions of the country, where a process Kagan 
(1991) terms "adversariallegalism" has stymied efforts to deal with issues involving the dredging and 
disposal of contaminated sediments. For example the Port of Oakland's attempt to deepen navigation 
channels to accommodate modem container ships has until very recently led only to ever more stringent 
environmental stipulations and continued costly delay, a consequence, Kagan argues, of overly fragmented 
decision-making authority and the politics of self-interest. 

Ecology's sediment management program appears to build on the earlier success of PSDDA and other 
local efforts to address the problems associated with sediment contamination, using the same management 
guidelines and technical assessment approaches (e.g., the Acceptable Effects Threshold [AET] approach to 
assessing contamination developed in the Commencement Bay Superfund study, and the "no" and "minor" 
adverse effects categorizations of contamination levels developed by PSDDA). In the vi~w of Bish (1982), 
the kind of advance that is signified by the adoption of the sediment management standards is possible 
because Washington has a long and fairly unusual history of openness in state government. The degree of 
citizen access is relatively high, and a multiplicity of single-purpose resource management agencies use a 
well-developed informal communications network to sustain a highly collaborative decision-making 
environment. In contrast to the situation with Oakland Harbor, Kagan (1991) argues, authority relation­
ships among agencies in the Puget Sound region are clearer, and disposal is more easily accommodated in 
the deeper, better-mixed waters of the Sound, particularly for the relatively uncontaminated materials whose 
disposal is permitted at the current PSDDA sites. 

FINDINGS: ADVOCACY COALITIONS IN THE PUGET SOUND SEDIMENT MANAGEMENT 
ARENA 

The Advocacy Coalition Framework predicts that we should be able to separate the individuals we 
surveyed into distinct coalitions on the basis of differences in their responses to survey questions 
concerning fundamental "deep core," but policy-relevant, beliefs. We would expect, however, to find more 
accord across otherwise opposing coalitions at the levels where beliefs and attitudes are more directly 
connected to the substance of current policies than at the level of their core beliefs. 

Moreover, if environmental management in the region continues to operate as characterized by Bish 
(1982) and Kagan (1991), we would expect to find a fairly high level of connectedness of the individuals 
we surveyed to current efforts to develop policy responses to Puget Sound's sediment contamination 
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problems. If individuals from a wide spectrum of the interests affected by this problem have been fairly 
actively involved with it over a long period of time, and if there is indeed a basic accord on the policy 
direction, then we can infer that institutional efforts like PSDDA have contributed to the consensus­
building that has occurred to date. 

In order to address such questions, we chose respondents from a cross-section of groups with an 
interest in the sediment management problem and designed our survey with a comprehensive view of the 
problem's relevant dimensions. We aimed to identify respondents' beliefs in a variety of areas, including: 

• Factors affecting the quality of life in the Puget Sound region 

• Factors affecting the ecological health of Puget Sound and the health of residents in the region 

• Causes, effects and present status of sediment contamination in Puget Sound 

• Factors important to consider in establishing source control or sediment remediation priorities 

• Quality of scientific information supporting sediment management decisions, and the role scientific 
information should play in decision making 

• Desirability of a number of specific contaminated sediment policy proposals 

• Beliefs about the effectiveness and influence exerted by organizations connected to sediment manage­
ment policy making, and views on the relative desirability of having various levels of government in 
charge of the problem. 

We also asked respondents to describe their connections and length of involvement with sediment 
management issues. Nearly half of those surveyed (29 of 60 surveys returned), represented government 
agencies, including public ports, and across the whole sample those responding had spent on average 9.1 
years dealing with problems related to sediment contamination in some capacity. 

To facilitate statistical analysis, most survey questions were framed using 100-point thermometer scales 
(typically representing the relative seriousness or importance of each of a series of named items with 
respect to a particular issue or problem), or seven-point Likert scales (representing the strength of 
agreement or disagreement with a particular proposition). The multivariate technique of factor analysis was 
used to construct scales c~pable of separating individuals into clusters on the basis of their responses to 
selected survey items. Scale reliability was tested via Cronbach's alpha statistic (see Lind, 1994, for 
additional details). Additional statistical correlations were developed (via Pearson's R) to test the strength 
of association between underlying beliefs and views on specific policy proposals. 

Advocacy Coalitions 

Factor analysis permitted us to identify two distinct advocacy coalitions which, on the basis of the 
views expressed, we labeled the environmental protection and economic development coalitions. This was 
done by means of paired attitudinal scales developed from survey information in three general areas of 
inquiry: quality of life in the region, ecological health of Puget Sound, and health of the region's residents. 
Respondents associated with various interes~ separated largely in the ways one would expect on the basis 
of the beliefs they expressed about the relative seriousness of: 

• marine ecosystem problems, as compared to social and economic problems, as threats to the quality of 
life in the region; 

• pollution, as compared to habitat loss and regional development, as threats to the ecological health of 
Puget Sound; and 

• marine pollution, as compared to terrestrial and air pollution, as threats to the health of the region's 
residents (see Figure 1; the specific questions used to define each scale and details on how the scales 
were produced are described in Lind, 1994). 
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Environmental groups, government regulators, and university researchers, who made up the bulk of 
those we identified with the environmental protection coalition, rated marine ecosystem problems as posing 
much more serious threats to quality of life in the region th~ did representatives of regulated agencies, 
tribes, industry and consultants, whom (except for tribal representatives) we identified with the economic 
development coalition. But on the question of connections between social and economic problems and 
quality of life in the region, these groups largely reversed positions (see Fig. 1). The associated environ­
mental protection and economic development scales were highly reliable (alpha= .74 and .83, respectively). 

Regulated vs. Regulator Agencies 

The agency personnel surveyed also separated fairly consistently into the two opposing coalitions on 
the basis of their stated beliefs and values, depending on whether they represented land owner (regulated) 
or pollution control (regulator) agencies. As shown in Figure 1, the mean difference between these groups 
was more than 10 points on five of the six scales we used to place groups into advocacy coalitions. This 
suggests that the apparent success these agencies have enjoyed in collaborative efforts in the sediment 
management arena stems neither from shared bureaucratic neutrality nor from shared beliefs regarding the 
relative importance of sediment contamination and related problems in comparison with other problems 
facing the region. 

We speculate that DNR's participation in PSDDA may have been instrumental in assuring that the 
belief structure of the economic development coalition was represented at the table as the basic direction 
later embodied in the sediment management standards was taking shape. The subsequent participation of 
DNR and public port representatives in Ecology's sediment management rule-making effort may then have 
helped assure that these beliefs continued to be represented as the region's sediment management program 
matured. If so, then the basic dynamic described by Bish appears to be at work in the region's sediment 
management arena: The continuing involvement of multiple agencies representing a broad spectrum of 
beliefs and values on the environmental protection-economic development continuum has assured sufficient 
consistency with the dominant (though conflicting) value systems to permit acceptance by a range of 
interests of the policies, standards and evaluation procedures that ultimately emerged. 

Policy Level vs. Deep Core Beliefs 

In contrast to the questions of fundamental beliefs that we used to separate survey respondents into the 
basic coalitions described above, other survey questions dealt with beliefs in areas that were more directly 
related to sediment policy (policy-level beliefs). These included several questions concerning the economic 
impacts of sediment regulations (which permitted construction of an "economic impacts of sediment 
regulation" scale), and other questions concerning the scope and thresholds for required sediment 
remediation actions (which permitted construction of a "scope of sediment remediation" scale). Respon­
dents' beliefs in these areas separated in fairly predictable ways as well, but with somewhat less coherence 
than was shown by the deep core beliefs that produced the results shown in Figure 1. 

Unlike with deep core beliefs, however, where individuals stood on these policy-level beliefs correlated 
fairly well with their views on the desirability of specific policy proposals in several areas-specifically, 
the strengthening of regulatory programs to control runoff and industrial discharges, and requiring property 
owners to remediate sites identified as "high priority" sites by Ecology. These policy-level beliefs 
correlated less well with beliefs about the desirability of policy proposals in three other areas, however 
(increasing public infrastructure investments in source control, limiting liability when sites have historic 
contamination not caused by current owners, and limiting DNR's liability for contaminated public trust 
lands). 

The weakening of contrasts in belief structures across coalitions in those areas where basic policy 
approaches are at issue, illustrated here by the lower reliability of the scaling for policy-relevant beliefs, by 
the relative lack of correlation between policy-relevant beliefs and specific policy proposals, and by the 
virtual absence of correlation between deep core beliefs and specific policy proposals, is consistent with a 
view of the sediment management arena as one where progress is possible in spite of considerable 
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disagreement at fairly fundamental levels. People identifying with environmental values don't necessarily 
believe that property owners should be held strictly liable for contamination, and people who value highly 
economic development don't necessarily believe that contaminated sites shouldn't be cleaned up, even at 
private expense. 

The associations that do appear to connect deep core beliefs with views on specific policy approaches 
can suggest areas to address in order to increase the acceptability of those policies, or to build more 
strongly the case for their necessity. For example, a fairly strong association exists between the acceptabil­
ity of a policy proposal to strengthen source control regulations and beliefs about the impacts of sediment 
contamination on human health (R = .55). This association is stronger than any relating to beliefs about 
ecological impacts, suggesting that arguments for stronger source control regulation based upon evidence of 
human health impacts would be more compelling than the same arguments made on the basis of evidence 
of purely ecological harm. On the other hand, belief in the desirability of this same policy proposal is also 
negatively correlated with beliefs concerning the economic impact of sediment regulation (R = -.62). 
Strong arguments on behalf of such a proposal may well be necessary, coupled perhaps with fairly specific 
strategies for lessening its economic impact. 

Sediment Contamination Assessment Tools and Their Role in Sediment Management 

Ecology's basic strategy under the sediment management regulations is to separate the process of site 
assessment (for all intents and purposes a risk-assessment activity) from decisions on actual cleanup or 
other remedial actions (the process of risk management). Ecology's SEDRANK model can be used to 
develop scores representing the relative hazard that areas of contamination pose to human or ecological 
health. But decisions about actual cleanup priorities among sites are expected to take into account a broad 
array of social, economic and legal considerations included neither in SED RANK nor in any of the other 
technically based site classification procedures developed by Ecology (WAC 173-204-550). 

Ecology's assessment tools appear to be based on factors that, if not directly quantifiable, are at least 
amenable to resolution through empirical data or the application of theories rooted in the natural sciences. 
Those questions more likely to touch upon areas of core beliefs are reserved for resolution in the 
management arena, where process plays a prominent role in bringing disputed matters to resolution. While 
the process of defining technical tools can also bog down, the ACF model predicts that impasses are less 
likely to occur at the level where technical tools are being developed than when they are later applied to 
the decisions they are designed to support. 

In order to test the strength of agreement regarding the technical approach to assessing risks embodied 
in the contaminated sediments fl:lle, we developed a series of eight questions about factors that are or could 
be taken into account when Ecology's SEDRANK model is used to rank contaminated sites. We then used 
the responses to these questions in an attempt to generate, via factor analysis, paired scales like those 
displayed in Figure 1. Paired scales (i.e., multiple factors c~pable of differentiating clusters of respondents) 
could not be generated, however, indicating that respondents basically agreed about the relative importance 
of scoring factors similar to those used in SEDRANK. At least as far as these respondents are concerned, 
SEDRANK appears to incorporate about the right factors and to ask about the right questions concerning 
the relationship between the presence of contaminants in sediments and possible effects on natural 
resources or human health. If such accord is indicative of the success of the decision process that produced 
SEDRANK, then that process appears to have been successful. 

SUMMARY AND CONCLUSIONS 

The stakes in Puget Sound's contaminated sediments issue are considerable. The region's ports and 
waterfront industries and the state's Department of Natural Resources could face expensive site cleanups, 
and the region's environmental community and an array of marine natural resource users would like to see 
both the discharges that contaminate marine waters and sediments and the threats posed by existing areas of 
sediment contamination eliminated. The dimensions of the policy disputes involving these groups have 
been made fairly explicit as Ecology's sediment management standards have been developed. Less clear is 
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the extent to which policy participants are also separated by fairly distinctive sets of "deep" beliefs 
regarding, for example, the importance of a healthy economy relative to the importance of a healthy marine 
environment in the overall quality of life in the Puget Sound region. 

That such differences in core beliefs need not lead to a policy impasse is evident in the progress made 
to date in dealing with contaminated marine sediment issues in the region. While we have no basis for 
comparing the intensity or extent of such beliefs to beliefs held by policy participants in regions (such as 
Oakland, Calif.) where sirililar questions have led to protracted conflict, the differences in the degree to 
which underlying issues have proved to be resolvable through regional consensus-building are considerable. 
When, some 10 years ago, a local dispute over the continued use of the so-called "Four Mile Rock" 
dredged material disposal site near Seattle led to the creation of PSDDA as a forum for developing a 
regional approach to dredged material disposal {Leschine, 1990), a process of consensus-building through 
technical dialogue was begun that continues today. Then as now, the emphasis appears to be on the 
resolution of technical questions in a forum that insulates the consideration of technical issues from the 
need to confront also the ramifications of applying technical tools in regulatory decisions. Perhaps as a 
result, there appears to be a high degree of accord that the tools that have been developed for Ecology's 
contaminated sediments program take into account the right factors in about the right ways. 

Beyond this lies the more difficult question of whether consensus will dissolve as assessment turns to 
management. Expectations on both sides that sound technical tools, once applied, will yield the "right" 
answers cannot likely be met to the equal satisfaction of both sides. The fact that important players like 
the ports and maritime industries were not directly represented in PSDDA may explain in part PSDDA's 
ability to achieve consensus (Kagan, 1991). But the strong participation of DNR officials sympathetic to 
the plight of ports and maritime industries despite their basic resource protection mission may mean that 
the system Ecology will use to target future remediation activities will have the adaptability to avoid major 
conflict. If so, then the ability of the region's resource agencies to maintain a long-running, albeit 
predominantly technical, dialogue in a collegial, multi-agency forum may be a primary reason. 
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UNDERWATER PARKS FOR PRESERVATION AND RESTORATION 

Bruce Higgins1 

INTRODUCTION 

Demand for park resources has grown along with the urbanization of Puget Sound. One resource that 
has scarcely been tapped has been the subtidal lands adjoining waterfront parks. These subtidal lands can 
become year-round underwater parks for recreational scuba divers. 

In 1970 the City of Edmonds established an underwater park at Bracketts Landing. The park has 
proved to be not only an attraction for divers but also a useful preservation tool, as demonstrated by the 
site's gradual improvement. 

After the area was first designated as an underwater park and protected as a no-harvest area, local 
support was raised for planning and implementation. General uplands improvements have been matched 
with underwater improvements at little cost. 

The park has applied general preservation and restoration techniques adapted for the marine environ­
ment to provide a recreation resource enjoyed by the region. Features have been added to improve diver 
safety. A perimeter buoy system to exclude boat traffic and an internal buoy system to mark specific sites 
have been installed. Underwater trails have been built to connect sites of interest and to guide divers back 
to the beach; this system of lines is now more than 2,000 feet long. Some wooden ships-features that are 
in great demand by divers-have also been installed. 

The underwater park has been supported by a management system based on safety, security, and 
maintenance. Marine life in the area has returned and flourished; in fact, the park now contains some of 
central Puget Sound's largest specimens of lingcod and cabezon. Of course, it is always a challenge to 
meet the recreational needs of a diverse population without overloading the resource, and underwater parks 
are no exception. 

RECREATIONAL DIVING IN THE NORTH PACIFIC 

Planning an underwater park is difficult for people who are unfamiliar with diving. What follows, 
then, is a brief description of recreational diving in the Northwest. 

The North Pacific is not blessed with great visibility or warm temperatures. It is, however, blessed 
with abundant plankton, ~hich provide a wide base for ~e food web. This allows animals to live long and 
grow to massive size. And because many of the animals are to some extent camouflaged, they allow close 
observation by divers. The majority of divers are not harvesters for the same reason most hikers aren't 
hunters: The scarcity of game has forced seasons and management practices. So most divers venture into 
the water for the same reason people like to hike; just seeing the various marine creatures in their natural 
setting is reward enough. 

Because of the cold, divers in the North Pacific need more equipment than those in the tropics. The 
typical diver carries a cylinder, weight belt, suit, and other equipment totaling about 60 pounds. It takes a 
diver about an hour to unload, assemble and put on all this equipment. The in-water segment of a diving 
excursion lasts about an hour and a half. The divers actually spend between 30 minutes and one hour 
underwater since they are limited by the amount of air they carry and the depth-time limits for recreational 
divers. The rest of their in-water time is spent snorkeling about. Often another limiting factor for dive 
duration is staying warm. Even for divers wearing the better equipment, cold is a frequent problem. After 
returning to the beach, divers remove and pack their equipment, a process that takes another hour or so. 
So, for a diver using a waterfront park, the minimum visit lasts about three hours. 

1 Battelle Marine Sciences Laboratory, 1529 W. Sequim Bay Road, Sequim, W A 98382 
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An Example Park 

The establishment in 1970 of an underwater park by the City of Edmonds at Brackett's Landing has 
proved to be a useful preservation tool as well as recreational outlet. Edmonds has a number of special­
purpose parks that focus on baseball, soccer, bird watching, and the like. It was natural, then, to turn a 
segment of the beach into an underwater park. The site holds historical significance to the City of 
Edmonds because it is where the city's founder, George Brackett, established his home and shingle mill. 
The site now adjoins a ferry terminal on the south and so is seen by people traveling to and from Kingston. 

This site has historic underwater features as well. The remains of the shingle mill can be found 
scattered about the area. In 1935, a dry dock more than 300 feet long was sunk as a current barrier for the 
docking ferries. This is a historic dry dock because it serviced sailing ships for 25 years at Dockton on 
Vashon Island at the turn of the century. 

The uplands portion of the park is slightly more than two acres. Around the 1960s the city started 
uplands improvements with the construction of a bath house and parking to allow better access to the sandy 
beach. In 1970, the city established the park as a no-harvest area by city ordinance and secured a lease for 
the subtidal lands for recreational diving from Washington's Department of Natural Resources. This lease 
extended offshore to the outer harbor line, since this had been a commercial site. The lease was later 
extended north to include 25 acres total of subtidal lands for diving and conservation. The no-harvest area 
was included in the state fishing regulations. 

With the start of the 1980s the Parks Department in conjunction with Shoreline Community College's 
Marine Science Program developed a Beach Ranger Program for spring and summer beach interpretation 
and tours for school groups. This has expanded and is now a joint educational effort of the cities of 
Edmonds, Lynnwood, and Mountlake Terrace. The program is administered by the Edmonds Parks and 
Recreation Department. 

The park's subsequent gradual improvement has shown how preservation combined with recreation and 
education can be a useful development tool. Volunteer divers have formed a network that allows for 
routine maintenance of the park's features. Features have been added to improve diver safety. A perimeter 
buoy system to exclude boat traffic and an internal buoy system to mark specific sites have been installed. 
Underwater trails connect sites of interest and guide divers back toward the beach. This system of lines, 
held to the bottom by cinder blocks and culvert, is now more than 2,500 feet long. Two wooden ships 
have been brought in to provide features in great demand by divers. Uplands interpretive information gives 
the diver and beach user details about the site and about marine life. The park has become a regional 
recreational resource because of its beautiful views and the near-shore access to varied marine life. 

For years the park had been out of sight, so it was forgotten. But now because of the site's popularity 
with divers, the upkeep of the park is receiving more attention. The restoration effort includes removal of 
litter and the removal of ghost nets-nets that continue to fish after being lost by fishermen. Re-exposure 
of lost anchors, chains, ship parts, and industrial remains found on the area can help the site tell its story. 
Intertidal debris can be put to other uses as well. At the Edmonds park, for instance, abandoned railroad 
track has been used as intersection markers for the trail system. 

The marine life, especially lingcod and cabezon, has returned and has flourished in the park. The 
simple oasis strategy of placing isolated features about 100 foot apart, away from critical eelgrass habitat, 
has been very effective. These features have been made of on-site material displayed to the divers' benefit. 
The marine life has needed havens from predators, which include occasional harbor seals, sea lions, and 
bald eagles, which feed in the park and put on quite a show. Besides providing havens for marine life, the 
diver-placed features are also useful for directing divers into less visited portions. 
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ELEMENTS OF AN UNDERWATER PARK 

Following are the key elements of an underwater park. 

Designation as a No-harvest Area 

Designation as a no-harvest are is a most important first step. This sets a tone for the development 
plan and the park's future. This way, come planning and decision time, conservation strategies for the site 
will prevail over harvest management strategies. A no-harvest designation also puts bounds on the level of 
development to meet conservation and educational needs. This makes a strong statement to the Department 
of Natural Resources during the lease application as to the intended purpose of the lease. The geneial rule 
of thumb is to use the same land-use policy for the subtidal area as for the adjacent uplands. H there is no 
harvest in the uplands, there should be no harvest in the subtidal as well. 

Access 

Access controls how divers view the site. H access is difficult, divers may choose not to invest their 
effort there. Upland parks have shown that access does not have to be immediate and curbside but that 
some access needs to be provided. Furthermore, underwater park access must allow for the bulk and 
weight of diving equipment as well as emergency equipment. Access conflicts should be anticipated and 
dealt with ahead of time. Conflicts often arise with multiple use (divers leaving sand on a roller-skating 
path, for example). 

Safety 

The first safety issue is water quality suitable for swimming contact. This often means dogs and horses 
must be kept off the beach to preserve water quality. Divers don't typically dig in the sediment to the 
extent that sediment quality becomes an issue, but they can suspend surface material with their fin kicks 
much as a storm would. 

The diving community has supported a "responsible diver program" to make divers aware that they are 
responsible for their own safety. Diving safety is enhanced by a perimeter buoy system to keep boats and 
divers separate. Other safety features include markers for key underwater features and underwater trails to 
provide guidance. A shoreside site chart and tidal information are important as well. 

Security 

Underwater parks carry special security concerns. The intertidal resources are not sheltered during 
storms as the subtidal ones are. Buoys, stairs for access, and near-shore structures are at risk every year. 
Too often park designs are proposed based on a visit to the beach during a calm, sunny summer low tide. 
The reality of 4-foot waves during a winter storm at high tide sends the plan back for a redesign. The 
careless use of boats in or near the park can play havoc with buoys, which are struck and sunk by boats 
operating after dark. Theft of park resources is a possible problem, complicated by the difficulty of 
discovering losses (with varied diving conditions it may be some time before an inspection can be made). 
Designs that address these issues are more successful. 

A Long-term Plan 

A clear long-term plan is an important part of a successful underwater park. As with any park, 
purpose, objectives, audience, evaluation criteria, and budget timing are all factors that need careful 
consideration. Every parks department or board has its own planning and budget cycles. 

The idea of underwat~r parks has been slow in taking root. The underwater environment is nearby but 
has for years been viewed as unfathomable. And for many people underwater recreation is associated with 
exotic locations, not Puget Sound. But during the past year, a method has been suggested for local groups 
wishing to get involved in underwater park planning. The method involves five simple steps that provide a 
reasonable base for turning the dream of an underwater park into reality. The steps are: 
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1) Research and study the site. During this step divers map the area and identify key habitat, features, and 
items of interest. This includes starting baseline observations that would be required for future permits. 
Underwater sites require more research than upland park areas because, being out of sight to all but divers, 
they are unlikely to have received a detailed review. 

2) Synthesize and analyze the information that's been gathered. During this stage the information is 
documented and presented in a form that can be used for the present and future activities. 

3) Develop a plan. The plan should be based on the information collected during the previous steps. 
While the plan is being developed all the concerned agencies and groups can provide information and see 
what is planned for the site. 

4) Implement the plan. During this phase the plan is put into action. 

5) File progress reports. Everyone wants to know how the plan is progressing. Sometimes the steps are 
months apart; progress reports can remind everyone how the steps fit together in the overall plan. 

SUMMARY 

Underwater parks can be a valuable recreational resource and could be considered in conservation and 
restoration efforts. Underwater parks can be used year-round by a community with aquatic recreational 
interests. 
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COMMUNITY-BASED ENVIRONMENTAL MONITORING IN PORT TOWNSEND BAY, 
WASHINGTON 

James G. Norris1 and Judy D' Amore2 

INTRODUCTION 

Research alone will not preserve a healthy Puget Sound ecosystem. What really matters are the 
countless day-to-day activities of individual citizens and businesses throughout the Puget Sound region. 
Government regulations may influence those activities, but in a democratic society regulations themselves 
are simply expressions of the public's current opinion about what is, and is not, acceptable or appropriate 
behavior. In the end, it is an educated and motivated citizenry that will make the difference. Thus, the 
links between sound research, public education, strategic planning, and government regulation are critical to 
preserving a healthy Puget Sound ecosystem. This paper summarizes programs at the Port Townsend 
Marine Science Center (PTMSC) designed to strengthen these critical links. 

The PTMSC was founded in 1982 as a non-profit, membership organization dedicated to helping 
educate local citizens and -visitors about the Puget Sound marine environment. Its aquarium, classroom, 
and offices are located on the public pier in Fort Worden State Park. Exhibits are open about 140 days and 
attract more than 20,000 visitors each year. The center is staffed by five part-time hourly employees 
augmented by more than 2,000 volunteer hours annually. During 1994, the PTMSC conducted 293 
separate education programs, each involving five to 30 students. Funding for the center comes from grants, 
the state legislature, entry fees, book and gift sales, donations, and dues from society members. The total 
annual budget for 1994 was about $110,000. 

Since 1988, the PTMSC has conducted a community-based environmental monitoring and education 
program through funding from the Centennial Clean Water Fund administered by the Washington 
Department of Ecology. Other participants in this program are the Jefferson County Planning Department, 
the City of Port Townsend, the Port Townsend School District, and a local consulting firm (Marine 
Resources Consultants). The goals of the program are threefold: (1) to make significant contributions to 
the scientific knowledge of the ecology of nearshore marine habitats; (2) to increase public awareness of 
the ecological importance of nearshore marine habitats and their sensitivity to water quality degradation; 
and (3) to strengthen the environmental consciousness and commitment of citizens by providing opportuni­
ties to participate in monitoring nearshore habitat utilization and water quality in Port Townsend Bay. 

COMPONENTS OF THE PROGRAM 

The overall program has six components: (1) beach observations; (2) conventional ~ater quality 
monitoring; (3) weather observations; (4) beach seine observations; (5) annual bottom trawl surveys; and 
(6) semi-annual underwater video surveys to map and estimate basal area coverage of eelgrass along the 
Port Townsend waterfront Data are collected following Puget Sound Protocols and are stored in ASCII 
format for easy exporting to other databases. The following sections describe each of these components in 
more detail. 

Beach Observations 

Beach observations are conducted by volunteers at five beach sites in the study area. Beaches are 
monitored each week for beach composition, weather, animals and plants sighted, debris of any kind, and 
oil. Volunteers are trained in observation and water collection procedures and provided with equipment 
and data sheets. Meetings are held twice a year to inform volunteers about trends observed in the data. 

Marine Resources Consultants, P.O. Box 816, Port Townsend, WA 98368 
2 Port Townsend Marine Science Center, Fort Worden State Park, 532 Battery Way, Port Townsend, WA 98368 
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Weather 
The weather station is located at the PfMSC pier and is monitored daily by volunteers. The following 

data are collected: water and air temperature, barometric pressure, cloud cover, rainfall, and wind speed 
and direction. 

Conventional Water Quality Monitoring 

Baseline water quality profile data (temperature, salinity, dissolved oxygen, secchi disk depth) are 
collected each month from 15 stations in Port Townsend Bay. Data are collected at the surface, every 
meter for the first five meters, and every five meters to a depth of 35 meters. Four of the stations are 
located along the Port Townsend waterfront and have data dating to 1988. The RN Monte Python, a 
26-foot open vessel operated by the PfMSC, is used to collect this data. All eighth-grade students in the 
Port Townsend School District participate in this nearshore component of the program, which is integrated 
with the eighth-grade science and computer curriculum. While participating on field data collection trips, 
students receive information on sources of contamination to Puget Sound and are informed about what they 
can do as citizens to help prevent water quality degradation. 

Eleven offshore stations were added to the program in 1993 to provide a more complete description of 
the bay. These.data are collected using the RN Brendan D II, a 36-foot research vessel operated by 
Marine Resources Consultants. Senior high-school marine biology students help monitor these offshore 
stations. 

Beach Seines 

Beach seines are an important component of many of the PfMSC educational programs. They are 
conducted at various times throughout the year in an eelgrass meadow near the PfMSC. Students and 
volunteers help haul the net, and PfMSC staff provide information about the natural history of the species 
captured. A species checklist is used to record presence/absence and relative abundance (greater or less 
than 25). 

Demersal Fish Abundance Surveys 

Annual demersal fish abundance surveys have been conducted since 1991. Fifteen stations are sampled 
during the last week of June each year using a modified 7.6-m otter trawl and following Puget Sound 
protocols. All vertebrates and commercially important invertebrates are counted. Length samples are taken 
from all gadids, flatfish, and herring on each haul. Data are recorded on field data forms and entered into 
an onboard computer. The computer database follows the format used by the National Marine Fisheries 
Service, including species codes. Volunteers help with sorting, counting, measuring, and entering data. 
Each survey takes two days and is divided into morning and afternoon shifts to accommodate volunteer 
time schedules. Data from these surveys have been used to estimate population abundances of demersal 
fish species (Norris 1992a, 1992b). 

Underwater Video Eelgrass Surveys 

In 1994, semi-annual seagrass surveys using underwater video techniques (see Mumford et al., this 
volume) were initiated. Surveys are conducted at times of maximum (July) and minimum (February) 
eelgrass biomass to create maps of eelgrass distributions and estimate the basal area coverage of eelgrass 
(i.e., area of bottom covered with eelgrass) in the nearshore habitat between Point Hudson and the Port 
Townsend Boat Haven (1.0 nm of shoreline). Students and local citizens assist with the surveys. 

Each survey consists of a series of straight line transects perpendicular to the shoreline. The 
underwater video camera and light are mounted in a down-looking orientation on a towfish deployed 
directly off the stem of the vessel using the cargo boom and boom winch. Global Positioning System 
(GPS) data and video signals are input into a laptop computer equipped with a video overlay controller and 
data logger software. GPS data (date, time, latitude, and longitude) along with transect identification 
numbers are stored directly onto the video tape using a four-head VCR. Data and survey notes are stored 
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automatically on a floppy disk at two-second intervals. Each transect provides data on the fraction of the 
seabed that is covered by eelgrass, as measured by time or distance. Standard statistical procedures are 
used to estimate the basal area coverage over the entire study area. Data also can be exported to a 
Geographic Information System for creating thematic maps of seabed attributes. 

DISCUSSION 

At the regional level, the data collected during the PfMSC community-based environmental monitoring 
project will complement ongoing data collection and researctl activities by other agencies, such as the 
Washington Department of Fisheries, Habitat Investigations Division, the Washington Department of 
Natural Resources, Division of Aquatic Lands, and the Puget Sound Ambient Monitoring Program. But 
more important is the project's impact on creating the critical links at the local level. Taking an active role 
in monitoring can create a greater personal stake in protecting the environment. This project strives first to 
give people experiences that build that commitment, and second to provide them with the knowledge to 
turn that commitment into constructive behaviors. All educational components of the program strive to 
provide young people and adults with the tools they need to make informed decisions about water quality 
issues both as voters and through personal action. Thus, by integrating research and public education, this 
program supports efforts to act proactively in the protection of rapidly disappearing habitats as is 
recommended in the Puget Sound Water Quality Management Plan. 

While it is difficult to measure the program's success, we cite four instances where this project is 
contributing both data and educational opportunities to the shoreline management decision-making process 
for Port Townsend Bay. Nearshore marine habitats in Jefferson County are increasingly threatened by 
economic growth, especially shoreline development. Three proposed development projects are (1) 
renovation of the Union Wharf, a historic pier that has been condemned since 1981 when a truck crashed 
through the loading dock; (2) installation of a waste-water outfall at a local fish processing plant; and (3) 
construction of a new downtown marina. In each of these examples, video tapes from the July 1994 
underwater video survey have been used to examine eelgrass distributions in the vicinity of each project. 
Local officials and other interested parties will participate in the February 1995 survey to get a firsthand 
look at the subtidal habitat near their project of interest. A fourth proposed development project is the 
expansion of the Port Townsend Boat Haven to accommodate a heavy haulout facility. Conventional water 
quality and demersal trawl survey data were used to prepare the draft EIS for that project (Bonar, in press). 
For local students, each of these cases offers a real-life example of a difficult public policy decision 
involving water quality issues. 

One major obstacle for the program has been securing liability insurance to allow school children on 
the research vessels. In the fall of 1993, the Port Townsend School District required that it be named as 
Additional Assured on research vessel liability insurance policies. It was difficult to find an underwriter 
willing to accept liability for school children on the vessels, and then only at considerable extra expense. 

In summary, this project provides Jefferson County with a means of working closely with community 
organizations and public schools to enhance public involvement and awareness of water quality issues 
relating to shoreline habitats, while collecting baseline data on marine water quality conditions. Informa­
tion obtained from this project may directly assist city and county planners in issuing determinations of 
significance/non-significance for shoreline development. For schools, this project offers exciting, socially 
relevant experiences for students. For the community, it offers an opportunity to become directly involved 
in monitoring procedures that can be used to help detect water quality problems in the area. The project 
also assists residents in becoming better informed about water quality issues affecting the area in which 
they live. Finally, this project can serve as an example to other agencies and communities of how to use 
local resources to obtain scientifically useful information, while at the same time providing public 
information. 
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OCEANOGRAPHIC AND ENVIRONMENTAL MEASUREMENTS 

COMBINING FIELDWORK WITH MODELING TO OPTIMIZE INFORMATION YIELD 

Donald 0. Hodgins and Anthony J. Webb1 

THE ISSUE 

Public awareness and concern over municipal wastewater and industrial effluent disposal in the marine 
environment has increased over the past few years, and this is a trend that is likely to continue in the 
future. It is reasonable to expect that, as marine scientists and engineers, we will be in a position to 
provide a scientifically credible explanation of the dispersion processes and ultimate fate of a discharge. 
Traditionally, this problem has been approached using simple models for initial dilution and secondary 
dispersion based on similarity laws, or a localized oceanographic study using drogues, current meters, or, 
perhaps, dye tracing. Until recently the combination of both approaches, extended to give far-field 
predictions, has seldom been attempted, especially for smaller outfalls. Cost is often cited as the 
justification for not providing a more thorough examination of wastewater fate. 

Two new technological developments have helped to change this situation. The first is the introduction 
of relatively inexpensive yet versatile in situ dispersion surveying instruments like the TRACER system. 
The second is the development, and now routine application, of three-dimensional (3D) models for 
circulation and dispersion in stratified coastal waters. It is widely appreciated that two-dimensional, 
depth-averaged models are not applicable in Puget Sound, Juan de Fuca Strait and the Strait of Georgia 
because they do not resolve the depth variations in density and current necessary for accurate dispersion 
modeling. 

The synthesis of site-specific field observations with a 3D dispersion model is discussed in this paper. 
A brief outline of the TRACER system is given first, followed by a discussion of the OF-series of 3D 
models. Their use in a study of optimal wastewater dispersion for a small town in British Columbia is then 
described. 

OBSERVATIONS VERSUS MODELING: PROS AND CONS 

It might be argued that a dispersion study for an outfall needs field observations, or modeling, but not 
both. Each approach has advantages and disadvantages, and both are now quite feasible. Some pros and 
cons of each method are summarized in Table 1. 

It is apparent that neither method is sufficient to answer all the questions that arise, and it is apparent 
that the two approaches are intimately linked and highly complementary. 

DISPERSION SURVEYING USING TRACER 

The objective of dispersion surveying is to accurately delineate the wastewater plume as it spreads out 
from the outfall or diffuser, and to quantify the rate of dilution along the transport path. This is usually 
done by introducing a readily detected, stable tracing substance such as Rhodamine WT Intracid dye into 
the wastewater stream and measuring its concentration in the receiving water. Because tidal currents carry 
the dye cloud rapidly away from the outfall location, and because the cloud often traps below surface, 
towed, high-sampling rate in situ instruments are required to measure concentrations. Only such instru­
ments can achieve the spatial resolution and sampling density needed to define dilution accurately. 

In 1988 Seaconsult introduced the TRACER system (Hodgins, 1989), which was modified in the early 
'90s into a lightweight, portable sensor package, called the Dragonfly, suitable for small-boat use in 
shallow coastal waters (shown in Figure 1). It consists of an accurate underwater V ARIOSENS fluorome­
ter providing a log-linear concentration range spanning four orders of magnitude (0.1-1000 J,tg/L), a Sea 
Bird conductivity-temperature-depth (CTD) instrument, and a motor to control the attitude of the lift foils. 

1 Seaconsult Marine Research Ltd., 8805 Osler Street, Vancouver, Canada V6P 4Gl 
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Table 1. Comparison of field observations and modeling 

SITE-SPECIFIC FIELD OBSERVATIONS 

Advantages Disadvantages 

accurate measurement of localized currents, tides limited spatial resolution of the flow field 
and density 

detailed, high-resolution measurements of trap- valid only for period of observations; must be 
ping, initial dilution and local transport [dilution repeated for other conditions 
i::i 1000:1, transport over i::i 5 km] 

necessary for validation of any model or descrip- usually limited to a single outfall for each 
tion of actual conditions survey 

THREE-DIMENSIONAL MODELING 

Advantages Disadvantages 

valid for all conditions once calibrated and veri- lower spatial resolution and lower accuracy than 
:fled [assuming baseline data are available] observations 

far-field capability [dilution> 107:1, range> 50 high data demands [density field, river runoff] 
km] 

multiple-outfall combined effects; pre-built and 
as-built conditions 

excellent data visualization for technical and lay 
audiences 

These devices are mounted in a stabilized frame, connected to the computer data logger in the boat by an 
electro-mechanical wire (power down-signal up). The in-water sensors are sampled at 2Hz. Positioning 
information is obtained using GPS or a microwave network, updated every second. 

The instrument package is towed behind a 20-to 25-foot boat at 3-5 knots, over a depth range of 1-80 
m. The depth and stability of the package is controlled by hydrofoils, which can be adjusted from the 
surface using a joystick. The spatial resolution of the dye concentration measurements is about 10 ern. 
Using differential correction on the GPS, or the microwave positioning system, the spatial location of each 
measurement is known to within 5 m. By towing the sensors back and forth through the dye cloud, the 
effluent plume can be quickly and accurately positioned in all three dimensions (x,y,z), and the dilution at 
any point can be quantified. 

Surveying with this instrument is effective at the surface, and at subsurface trapping depths. By 
oscillating the tow, both top and bottom edges of the wastewater plume can be mapped. When combined 
with current data from one or two strategic locations in a given area, the dye concentrations and the 
definition of the vertical and horizontal stratification fields provide a complete physical description and 
explanation for the observed dispersion patterns. Such data also provide solid verification for numerical 
dispersion models. 
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Figure 1. Photograph of the TRACER Dragonfly underwater fluorometer and CTD instrument used for plume 
delineation. The schematic diagram shows the Ganges case study dye injection scheme and surveying 
principle. 
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THREE-DIMENSIONAL MODELING 

The Puget Sound-Juan de Fuca waterway is an estuarine system, driven mainly by the Fraser River but 
with obvious local contributions from smaller tributaries in Washington state. The currents and density 
stratification are governed by the river runoff, by the tides, by wind, by the intrusion of oceanic water from 
the Pacific Ocean, and by the shape of the basins. In order to model wastewater dispersion, the vertical 
and horizontal variations in density and currents resulting from the mixing of river runoff and oceanic 
water must be taken into account. This is not a simple task because of the strong currents and intense 
mixing that occurs in the passes through the San Juan and Gulf Islands. A fully three-dimensional model 
is required to simulate these oceanographic processes. 

Beginning in 1988 the Canadian federal department of Fisheries and Oceans embarked on 
development of the 3D Georgia-Fuca (GF) series of models through a series of contracts to Seaconsult. In 
1992 the models were calibrated and verified (Stronach et al., 1993) and have been used subsequently for a 
number of dispersion studies (see for example, Hodgins, et al. (1993) and Hodgins and Stronach (1993) for 
a discussion of far-field pulp mill effluent dispersion assessment). The models are based on conservation 
laws for momentum, mass, density (through salinity and temperature variations), and mass of solute in the 
wastewater. The governing equations (Hodgins, 1993; Stronach et al., 1993) are solved on Cartesian grids, 
with variable vertical spacing, using finite difference methods. The GF8 version resolves vertical variations 
in a series of fixed layers; the GF9 version features a dynamic upper layer suitable for simulating thin, 
dynamic river plumes such as the Fraser River. Input data consist of the bathymetry and shoreline 
geography, a starting density field, and boundary data on tide, wind, density, and runoff. One or more 
wastewater sources can be specified in terms of discharge rate and contaminant concentration. The output 
consists of 3D fields of current, mixing coefficients, water levels, density and contaminant concentration 
every few minutes through the tidal cycle. The model can be run for a few tidal cycles to examine 
localized dilution, or for several months in order to estimate far-field fate. The spatial resolution depends 
on the grid size and layer thicknesses. These parameters are selected to meet site-specific requirements. 

The GF series of models accounts for all of the governing physical processes, and is limited only by 
the resolution provided by the grid, and by boundary data. Information on ocean water density and wind 
are the most serious deficiencies for Juan de Fuca Strait and Puget Sound. 

CASE STUDY: WASTEWATER DISPERSION IN GANGES HARBOR 

The town of Ganges is located on Salt Spring Island, British Columbia. It has a sewage collection 
system, with secondary treatment and wastewater disinfection using ultraviolet light. Flows in the system 
currently range from about 250 m3/day to 525 m3/day, and wastewater is discharged daily from 183 m3 

storage tanks on ebb tide. The discharge is pumped through a 4,800-m outfall and diffuser. The ebb-only 
discharge practice was instituted to prevent dispersion of fecal coliforms into the enclosed harbor basin; 
however, this method suffers from the disadvantage that significant bacterial regrowth takes place in the 
holding tanks after the disinfection stage. A study of the dispersion characteristics was carried out in 1993 
to examine continuous discharge at the present flow levels, and at increased flows reflecting population 
growth and expansion of the sewage system in the future. The study area and bathymetry are shown in 
Figure 2. 

This study was planned with a short, site-specific observing program to characterize the near-field 
plume behavior, and a detailed modeling phase using the dispersion measurements to validate model 
performance. 

Field Observations 

A five-day field program was carried out in November 1993 concentrating on dye dispersion 
measurements using the TRACER instrument package. Over the five days, each holding tank was injected 
with 6 L of 20% Rhodamine WT dye, and the subsequent dispersion was measured on both ebb and flood 
flows (Figure 1). In total 42 L of dye was added to 1,270 m3 of wastewater giving an overall average dye 
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Figure 2. Map of Ganges Harbor in the Gulf Island of British Columbia, showing the outfall location 

concentration of 6,700 f..Lg/L in the outfall prior to initial dilution. The in situ detection limit was 0.1 f..Lg/L; 
thus, the total measured dilution was 67,000: 1. 

The other data collected were: 

1) currents in the dyed cloud using drogued drifters, positioned by the survey boat; 
2) currents at 9 and 10m using moored self-recording current meters adjacent to the diffuser; 
3) local overwater winds near the diffuser location; and 
4) water density using the Sea Bird CTD, in both towed and vertical profiling modes. 

Data on tides, water density in the Strait of Georgia, and winds around the Strait were available from 
government sources. 
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Dispersion Modeling 

The GF8 model was used to simulate the wastewater dispersion. Thirteen layers were used in the 
vertical dimension, with layer thicknesses of 5 m near the surface.· The model was applied at two grid 
scales: 2 km to resolve the Juan de Fuca-Strait of Georgia waterway, and a high-resolution nested model 
with a grid spacing of 167m for which boundary data were supplied from the 2-km strait-wide model. 
The 2-km grid model had been previously verified (Stronach, 1991). The current meter observations were 
used to confirm that thenested-grid model correctly predicted the main flow features (Figure 3). The 
agreement between the measurements and model output is generally good: the model successfully 
reproduces the persistent north-northeastward flow and its tidal modulation. The amplitude of modeled and 
measured currents is in good agreement. 

Current meter data at 9 m depth 

ltv 14 15 18 17 18 19 20 21 22 23 24 25 28 27 28 28 30 Dec 

~~[~{ 
., \L, 14 15 18 17 18 19 20 21 22 23 24 25 28 27 28 28 .30 Dec ., 

Modelled currents at outfall in layer 2 (5 to 10 m depth) 

n: r: ~~~~~'~ ~~~ ~~~~ ~~~ 1: 
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u:f~.J: 
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':' ltv 14 15 18 17 II 19 20 21 22 23 24 25 28 27 28 28 30 Doc ':' 

Figure 3. Comparison of current measurements at 9 m with the GFB 30 model simulation 
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Next, the model was used to hindcast actual conditions during the dye dispersion survey. A typical 
observed concentration field is shown in Figure 4, derived from towed measurements at 2.5-3.5 m (trapping 
depth) over a period of 1.5 hours. The dye was pumped out of the outfall during the rising limb of the tide 
(flood), and measurements spanned the high-water slack flow and small ebb of the day. The spatial detail 
resolved in the towed survey is evident in the high-concentration lenses and the elongated tongue extending 
northward from the diffuser, and the shore contact, albeit at very low concentrations, is clearly mapped. 
Peak concentrations were approximately 0.40 Jlg/L, showing that initial and secondary dilution were 
effective under these oceanographic conditions (dilution of 16,750:1). The corresponding modeled dye 
cloud is shown in Figure 5; although the spatial patchiness is not reproduced by the model on the 167-m 
grid, the general transport direction and effective dilution are correctly predicted. 

The field observations provided unambiguous data on the trapping characteristics of the wastewater 
plume and the near-field concentrations of the wastewater along the dominant transport directions. They 
showed the patchiness in the dispersion pattern, which is quite typical of turbulent tidal flows over complex 
bathymetry, and the data were conclusive in proving that the numerical model would provide reliable 
simulations. The field data were, however, insufficient to establish the concentration of contaminants in the 
harbor since these concentrations were below the detection limit. Thus, the observations in themselves did 
not address one of the key issues of public concern and, of course, could not be extrapolated to other tidal 
conditions and discharge practices. 

The model was then run for a number of scenarios, including continuous discharge of 410m3/day. To 
illustrate the differences between the ebb-only discharge and continuous release, the peak contaminant 
concentration throughout the study area over a 15-day simulation period in winter was plotted. The 
contour maps for each condition are shown in Figure 6; the contour value of 1 is equivalent to a dilution of 
106:1. The effect of continuous discharge is to slightly lower the area around the diffuser for concentra­
tions greater than 20,000:1, and to roughly double concentrations at the head of the harbor, although 
dilution at these locations exceeded 200,000: 1. These maps correspond to a conservative contaminant, and 
represent the worst case. 

These examples illustrate how the model greatly extends the power of the observations by increasing 
the area over which effects can be predicted, and by treating various scenarios for wastewater disposal. In 
this study the local newspaper editor observed the dye tracing survey from a small boat, and by subse­
quently reporting the activities (Richards, 1993) raised public awareness of the nature of the study and the 
importance of field data. In addition to providing engineering data, the computer simulations were used to 
prepare animations of the wastewater dispersion for presentation to the trustees of the local sewer 
committee. From the computer data visualization techniques, they quickly grasped the essential findings of 
the study and came to appreciate how the field data together with the modeling solved a very complex 
oceanographic problem with confidence in the outcome. 

CONCLUSIONS 

Combining dye tracing field observations with 3D modeling of wastewater dispersion for a small 
municipal outfall proved to be highly effective. The field data clearly defined the localized diffuser per­
formance, and provided confidence in model predictions by demonstrating the validity of simulated currents 
and contaminant concentrations. The model greatly extended the range of prediction of the wastewater's 
fate from what could be obtained directly from the observations, and allowed simulation of different 
operating conditions. The engineering output data were used to decide on the approach to be taken for 
future outfall upgrades and permits, and the computer visualization of the modeled concentrations provided 
a dramatic and readily comprehended explanation of the results to non-technical committee members 
making these decisions. Studies of this nature can generally be carried out for less than $50,000 and yield 
significant benefits in terms of the information obtained. 
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Figure 4. A map of dye concentration in pg/L at the trapping depth 
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WINTER DISPERSION AND INTRUSION OF FLOATING WOODEN CARDS 
RELEASED ALONG JUAN DE FUCA STRAIT 

Curtis C. Ebbesmeyer, Carol A. Coomes and Eric C. Noah1 

INTRODUCTION 

The fate of oil spilled along oil tanker routes in Juan de Fuca Strait continues to be of concern. To 
investigate the lateral dispersion of oil associated with surface currents intruding inland from the Pacific 
Coast, 13,800 floatable w<;>oden, non-toxic drift cards were released during January-March 1992 near major 
tanker routes in Juan de Fuca Strait (Figure 1). Recoveries of 2,934 cards along the Strait's shores and the 
Pacific Ocean coast indicate possible destinations of spilled oil associated with currents flowing both into 
and out of the Strait. 

Recoveries of near-surface drifting 
objects (drift cards, bottles, shipwreck 
debris) on the shores of the study area 
during the past century have been 
summarized by Ebbesmeyer and 
Coomes (1993). Earlier recoveries, 
widely scattered over space and time, 
were difficult to interpret because: 1) 
releases along the routes were not 
made synoptically; 2) recoveries var­
ied according to day of the week, 
season, and shoreline accessibility. 

The present study attempts to 
overcome these difficulties through· 
the release of many cards at a number 
of sites at nearly identical times. 
Because of the simultaneity of the 
releases, a given beachcomber could 
have found a drift card from any of 
the release locations. In previous 
field work, approximately 20,000 
drifters were released and 5,235 were 
observed during a number of years, 
whereas in the present single, inten­
sive experiment, 13,800 drifters were 

Figure 1. Locations of drift card releases. Approximately 30 batches 
of 50 drift cards were released at two-day intervals during 7 
january through 11 March 1992 at 10 locations: dots, 1-10; +, 
sites of historical current meter records; and STR1, STRJ, current 
records used to compute residence time in the western Strait. 

released and 2,934 reported in 100 days (Ebbesmeyer et al., 1991b; Ebbesmeyer and Coomes, 1993). 
When viewed in historical context, the large sample deployed in a short time interval gives this study's 
results substantial weight. 

METHODS 

Intrusions 

The drift card experiment was conducted during winter to document the effects of coastal oceanic water 
intruding into Juan de Fuca Strait. Storm winds along the coast of Washington state and Vancouver Island 

1 Evans-Hamilton, Inc., 731 N. Northlake Way, Seattle, WA 98103 
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frequently drive near-surface oceanic water to varying distances eastward along the southern shores of Juan 
de Fuca Strait (Holbrook et al., 1983). Some storms are capable of transporting debris from miles off the 
coast as far inland as Bellingham Bay, located at the head of the ~trait (p. 31, Waldichuk, 1963; 
Ebbesmeyer et al., 1991a). 

Physical characteristics of historical intrusions were examined to determine the time interval at which 
drift cards should be deployed. A total of 57 intrusion events were detected in current meter records 
previously obtained in the upper 20 meters of the water column in U.S. waters of the western Strait during 
October through April, 1973-1991. An intrusion event was defined as a time interval when the mean 
currents were directed inland and parallel to the Strait's axis (tides were removed with a numerical filter). 
In this sample, intrusions accounted for 25 percent of the total duration of the current meter records (1.9 
years), and 68 percent of the intrusions lasted 1.5 days or longer (Figure 2). With a two-day release 
interval, we were reasonably certain that drift cards would be released in most of the intrusions noted 
during our field observations. 

Drift Cards 
Each wooden card measured 0.5 x 

9.8 x 14.9 centimeters. To aid beach­
combers in finding them, the cards were 
coated with red, non-toxic paint. Each 
batch of 50 cards carried a distinct serial 
number. Stenciled on each card were: 
the batch number; a request for beach­
combers to report the date and location 
of recovery, and an address and 800-
telephone number enabling beachcombers 
to report recoveries with minimal effort. 

Several hundred batches of 50 cards 
were dropped at 10 locations (sites 1-10; 
Figure 1) by a small aircraft (Cessna 
model 172) that flew over the sites at 
low altitude (approximately 100-m) at 
two-day intervals. Each flight lasted 
approximately two hours. Because poor 
weather prevented some flights from 
reaching certain sites on given dates, an 
average of 93 percent (1,494) of the de­
sired 1,600 cards were released at nine 
sites. A few drops made at site 10 in 

15 
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Figure 2. Intrusion duration. Histogram of the durations of 57 
intrusions in historic current meter observations during Octo­
ber through April, 1973-1991. 

Admiralty Inlet also have been included for comparison with those in Rosario Strait. 
Between 7 January and 11 March, a total of 13,800 drift cards were released during 32 flights. Within 

36 days (16 April) after termination of the releases and 100 days after initiation of the flights, 21.3 percent 
of the released cards were reported by beachcombers (Table 1). 
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Table 1. Summary of drift card releases and recoveries. Numbers of drift cards released between 7 January 
and 11 March 1992 at 10 sites in juan de Fuca Strait and approaches (see Figure 1 for locations), and 
numbers of drift cards recovered within 100 days of the first release (as of 16 April 1992). 

Release Number Number Percentage 
site released recovered recovered 
(see Fig. 1) 

1 1400 126 9.0 
2 1450 217 15.0 
3 1550 365 23.6 
4 1500 370 24.7 
5 1450 220 15.2 
6 1500 304 20.3 
7 1500 298 19.9 
8 1550 415 26.8 
9 1550 494 31.9 
10 350 125 35.7 

Total 13,800 2,934 21.3 

RESULTS 

Drift card recoveries 

To tabulate the drift card recoveries efficiently, the shoreline of the Strait and portions of its approaches 
were segmented into 1,102 intervals, each approximately 1 nautical mile long. Then the 2,934 recoveries 
listed in Table 1 were apportioned into the shoreline segments. For this paper, the recoveries have been 
grouped into three regions (Figure 1): (1) eastern Strait, the shoreline inland of the north-south line 
connecting Beechy Head on Vancouver Island and Observation Point, Washington; (2) Pacific Coast, 
shorelines westward of the line connecting Vancouver Island and Cape Flattery, Washington; and (3) 
western Strait, the area of the Strait between (1) and (2) (Figure 1). 

The percentages of all recoveries for a given site in the eastern Strait and Pacific Coast regions are 
shown in Figures 3 and 4, respectively. Western Strait percentages have not been shown because they 
were small, varying between 3 percent and 11 percent of total recoveries; they may be derived by 
subtracting from 100 percent the total of Figures 3 and 4. For example, of 1,400 releases at site 1, a total 
of 126 cards were recovered (Table 1). Of the 126 recoveries, 30 percent were found in the eastern Strait 
(Fig. 3), 59 percent on the Pacific Coast (Fig. 4), and 11 percent in the western Strait. The following 
paragraphs describe recoveries in the three general areas. 

As an observer travels eastward along the tanker route from the western Strait into Georgia Strait and 
Puget Sound, the percentage of recoveries in the eastern Strait increases threefold, rising from 30 percent at 
site 1 off Pillar Point, Washington, to 94 percent at Site 9 in the northern end of Rosario Strait, and to 89 
percent at site 10 in Admiralty Inlet. For example, of the 1,400 cards released at site 1, 30 percent of the 
126 cards recovered, or 38 (2.7 percent of the total cards released), were found in the eastern Strait. 

Within the overall threefold increase, the percentages vary in steps. At sites 2 and 5, the percentages 
are nearly identical (56 percent and 54 percent, respectively), and close to twice the percentage at site 1. 
Farther inland at sites 6 and 7, the percentages increase to nearly identical values at 78 percent and 76 
percent, respectively. Within constricted Rosario Strait and Admiralty Inlet, the percentages are high, 
varying between 89 percent and 94 percent (sites 8, 9 and 10). 
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Percentage of drift card 
recoveries inland of lina 
bet-en Beechy uead and 
Observation Point. 

Figure 3. Eastern Strait drift card recoveries. Numbers at the release sites (squares) indicate percentages of drift 
card recoveries inland of the line between Beechy Head on Vancouver Island and Observation Point, 
Washington (see Figure 1 for site number designations). For example, at site 1 off Pillar Point, Washington, 
30 percent of all cards recovered from releases at that site were found inland of the Beechy Head­
Observation Point line. 

Percentage recoveries in the western Strait varied between 9 percent and 11 percent at sites 1, 2, 5, 6, 
and 7, and between 2 percent and 7 percent at sites 3, 4, 8, 9, and 10. The low percentages were 
surprising, since the length of the western Strait's shoreline is comparable to that of the eastern Strait. 

As the observer travels westward along the tanker route, the recoveries on the Pacific Coast increase 
(Figure 4). Inland of site 6, the percentage is less than 15 percent. Between sites 5 and 6, the percentage 
increases threefold over a distance of 20 kilometers, and between sites 2 and 3 a nearly twofold increase 
occurs, also over a 20-kilometer distance. Since the Strait is approximately 150 kilometers long, the 
doubling and trebling occurred over 15 percent of the Strait's length. 

Comparison with current meter records 

Two aspects of the drift card recoveries-inland transport and the scarcity of western Strait recover­
ies-were compared with statistics of the historical current meter records. 

To investigate inland movement of the drift cards, the current vectors measured during each of the 57 
intrusions were added, yielding the distance that a hypothetical water parcel would have traveled during a 
given intrusion (progressive vector length; PVL). The probability of exceeding a given PVL is presented in 
Figure 5. Since site 1lies 35 kilometers from the western Strait boundary, the current meter records 
indicate that approximately 30 percent of the intrusions would produce PVLs exceeding this length. Since 
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Percentage of drift card 
recoveries on the Pacific 
coast beyond Cape Flattery. 

Figure 4. Pacific Coast drift card recoveries. Numbers at the release sites (squares) indicate the percentage of 
drift card recoveries from that location (center of square) that were found west of the line between 
Vancouver Island and Cape Flattery, Washington. For example, at site 1 off Pillar Point, Washington, 59 
percent of the cards recovered from releases at that site were found west of the Vancouver Island/Cape 
Flattery line. 

intrusions account for 25 percent of the current meter records, intrusions producing PVLs sufficient to 
transport cards from site 1 to the western Strait would be expected to occur 7.5 percent of the time. 

Of the cards released at site 1, 2.7 percent were reported in the eastern Strait compared with 7.5 
percent estimated from current meter records. For site 2, 8.3 percent of the cards released were reported in 
the western Strait compared with 15.0 percent estimated from current meter records. The estimates from 
the current meters exceed the drift card results for a number of reasons, including: (1) some drift cards 
remain for a time in the eastern Strait without beaching, but eventually are flushed to the western Strait; (2) 
the current meter statistics assume that hypothetical drifters from each intrusion are reported by beach­
combers. 

To assess the apparent rapid flushing in the western Strait, progressive vector lengths (PVLs) were 
computed from current meter records obtained near the western Strait's eastern and western boundaries 
(sites STR1 and STR3, Figure 1). PVLs were computed beginning at each time in the current meter 
records and noting the duration over which the PVL equaled the length of the western Strait. These 
computations yielded the durations that hypothetical water parcels would remain in the western Strait 
(residence time), assuming that once a parcel reached either end of the western Strait it would not reenter 
the strait, and that the beginning and ends of the records were connected, forming continuous loops with 
which to compute PVLs. 
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The residence times com put­
ed from the current meter records 
are shown in Figure 6. For hy­
pothetical drifters released at both 
ends of the western Strait the 
most frequent residence time is 
two days. Apparently, a few 
days' residence does not allow 
the drift cards enough time on 
the shore for beachcombers to 
recover more than a small frac­
tion of them. 

DISCUSSION AND 
CONCLUSIONS 

Maps of the drift card recov­
eries demonstrate several new 
results important in formulating 
marine policy (Figures 3 and 4): 

(1) Small changes in the hori­
zontal distance along the tanker 
route significantly affected the 
drift card recovery patterns. 
Perhaps most striking is the two­
fold difference in recovery per­
centages between sites 1 and 2 in 
the western Strait. These results 
point to substantial differences in 
dispersal processes occurring 
between sites separated by rela- · 
tively short distances. For exam-
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Figure 5. Intrusion penetration distance into juan De Fuca Strait. Dia­
monds represent the probability of exceeding a given intrusion 
distance computed from the current meter records as progressive 
vector length (PVL). Dashed line represents the least-squares-best 
exponential fit to the observations. For purposes of comparison, the 
two dots indicate the drift card recovery percentages in the eastern 
Strait from Figure 2. 

ple, for oil spilled from a site located off Port Angeles, the drift card recoveries suggest that most of the oil 
would be recovered in the eastern Strait, but some would be recovered on the Pacific Coast. Conversely, 
for a spill midway along the western Strait, much of the oil would reach the outer coast, but some would 
be transported into the eastern Strait. Moving the site westward along the western Strait, although shifting 
the bulk of the recoveries from the eastern Strait to the Pacific Coast, does not eliminate recoveries from 
the eastern Strait. 

(2) For more than a century, it has been known that floating objects drifted on occasion from the Pacific 
Coast to the head of Juan de Fuca Strait (Ebbesmeyer and Coomes, 1993). Why they drifted inland 
became clear by the early 1980s when wind and current records revealed that coastal storms frequently 
drove surface waters far inland. It is now firmly established that intrusions of coastal water are a major 
and recurring feature of the Strait's general circulation throughout the year {Holbrook et al., 1983). 

The present results allow us to obtain clearer historical perspectives. The current meter records indicate 
that intrusions occur during approximately 25 percent of the winter along the western Strait's southern 
shores. In Canadian waters, north of the international boundary, the percentage is expected to be much 
smaller because of the influence of outflowing water from the Fraser River. Unfortunately, the internation­
al boundary divides not only politics, but also the frequency of occurrence of intrusions. Canadian and 
U.S. oceanographers, by focusing on national waters, can be expected to obtain differing intrusion frequen-
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cies. International cooperation is 
necessary for an objective determi­
nation of the fate of spihed oil. 

During November 1875, wreck­
age from the collision of the SS 
Pacific and clipper ship Orpheus 
was driven inland from the coast by 
severe storms during an entire 
month. Some of the current meters 
showed intrusions, accounting for 58 
percent of the total record. That the 
wreckage in 1875 was driven inland 
through the Strait to Victoria for a 
month suggests that on rare occa­
sions storms may reverse the west­
em Strait's surface currents nearly 
continuously for an entire month, or 
100 percent of a typical current me­
ter record. 

After the Nestucca spill in De­
cember, 1989, most of the oil was 
transported northward along the 
coasts of Washington and British 
Columbia. Winds measured during 
the oil transport suggested that intru­
sions should have occurred, and 
some oil was observed at the head 
of Juan de Fuca Strait (Harding and 
Englar, 1989; Ebbesmeyer et al., 
1991a). Some of the oil in the east­
em Strait was chemically 
fingerprinted to that spilled from the 
Nestucca barge. Therefore, intru­
sions did occur, diverting a fraction 
of the oil being transported north­
ward along the Pacific Coast. Since 
intrusions capable of transporting oil 
a hundred kilometers inland account 
for only 10 percent of the historical 
intrusions, and intrusions account for 
only 25 percent of the current meter 
records, we estimate that on the 
order of 1 percent of the oil trans­
ported along the coast may have 
been transported to the eastern 
Strait. 
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Figure 6. Residence time in the western Strait. (a) Duration for a 
drifter to travel westward from site STR1 (outward) through the 
western Strait; (b) duration for a drifter to travel eastward through 
the western Strait from site STR3 (Fig. 1 ). 
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EL NINO WEATHER CONDITIONS REFLECTED IN PUGET SOUND TEMPERATURES AND 
SALINITIES 

J.A. Newton1 

INTRODUCTION 

The central question of this analysis is: What role does climatic forcing play in determining the 
temperature and salinity of Puget Sound surface waters? There are many influences on both of these 
parameters, including solar radiation, river flow, precipitation, evaporation, air temperature, and mixing 
(wind and tidal). Many of these influences are related to weather conditions. El Nino-Southern Oscillation 
(ENSO) events result in anomalous local weather conditions and provide an excellent opportunity to assess 
the effects of climatic forcing on Puget Sound waters. 

The occurrence of El Nino in the equatorial Pacific can remotely force anomalous weather conditions in 
areas throughout the globe (Rasmusson and Wallace, 1983; Philander, 1990). During ENSO conditions, 
there is a locational shifting of high and low atmospheric pressure cells and the path of the jet stream 
(Horel and Wallace, 1981). This can result in anomalous air temperature and precipitation patterns (e.g., 
droughts in Australia and floods in Texas). Air temperatures over the Pacific Northwest, western Canada 
and southern Alaska are warmer (Ropelewski and Halpert, 1986; 1987). An effect of ENSO on the North 
American Pacific coast waters is warmer sea-surface temperatures (SSTs) due to coastally trapped Kelvin 
waves that originated at tlie equator. There is also a reduction in the duration and intensity of wind-driven 
upwelling off the North American west coast during summer that translates to warmer coastal waters, some 
of which enter Puget Sound (Thomson, 1994). Local Puget Sound weather during ENSO events is 
characterized by warmer air temperatures, particularly in winter-spring; the precipitation signal, however, is 
not consistent (Ropelewski and Halpert, 1986; 1987). Of the last five major ENSO events, three were dry 
(76-77, 86-87, 91-92) but two were wet (82-83, 94-95). 

Three recent years, 1991, 1992, and 1993, each had different degrees of ENSO forcing and also 
substantially different local weather conditions. Analysis of both weather and sea-surface data from these 
three wateryears (WY = October through September of named year) affords an opportunity to investigate 
the impact of local weather on Puget Sound waters. A moderate ENSO event was evident in WY92 (Oct 
91-Apr 92) and a weak event was observed in WY93 (Feb 93-Jun 93) (Kessler and McPhaden, 1995a,b). 
WY91, however, did not have ENSO conditions. While WY92 and WY93 were drier than climatology 
(30-y average for 1961-1990), WY91 was wetter. Patterns of anomalies (WY- 30-y average) in air 
temperatures and precipitation recorded at Sea-Tac Airport for each of the three wateryears (Figure 1) show 
the annual differences in local weather. In summary, WY91 was cool and very wet, WY92 was warm and 
very dry, and WY93 had average (but mixed) temperatures and was dry. In addition, river flow, as 
typified by the Skykomish River, is noted on Figure 1. This river has been used as a representative index 
of western Washington flow (e.g., USGS, 1991). River flow was substantially above normal in WY91 and 
well below normal in both WY92 and WY93. 

The Washington Department of Ecology conducts long-term monitoring of Puget Sound waters. The 
program is described in N_ewton et al. (1995). Numerous stations are monitored monthly for conventional 
water quality parameters, including temperature and salinity. In order to investigate the effect of the local 
weather conditions described above on Puget Sound temperatures and salinities, water column data from 
the above-mentioned three wateryears were analyzed. 

1 Environmental Investigations and Laboratory Services, Washington Department of Ecology, 300 Desmond Dr., 
Olympia, W A 98504-7710 
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Figure 1. Climate anomalies versus month for air temperature and precipitation during wateryears 1991, 1992, 
and 1993, with WY means and standard deviations (sd). Data are for Sea-Tac Airport, obtained from 
National Climate Data Center (NOM, 1991; 1992; 1993). Also shown are river flow data for the 
Skykomish River, as a percentage of mean according to USGS (1991; 1992; 1993). 
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METHODS 

Sea temperature and salinity 
data were obtained using a Sea­
Bird Electronics, Inc. Seacat® 
model SBE- 19 conductivity­
temperature-depth profiler. Rele­
vant methods and quality assur­
ance procedures are described in 
Newton et al. (1994). Analysis 
of ENSO forcing on Puget Sound 
temperatures and salinities was 
conducted as follows. 

1) The three watery ears were 
ranked in order of ENSO forcing 
strength: 

moderate ~ WY92 ~ WY93 ~ 
WY91 ~weak 

2) Temperature and salinity data 
from 0.5-m, 10.0-m and 30.0-m 
depths at five Puget Sound sta­
tions were selected from 
Ecology's database. Stations 
were: GRG002, in the Strait of 
Georgia; ADM001, in Admiralty 
Inlet; PSB003, off West Point in 
the Main Basin; DNA001, in 
Dana Passage; and BUD005, in 
Budd Inlet (Figure 2; see Newton 
et al., 1994, for station coordi­
nates). The stations were select­
ed to represent a variety of con­
ditions (e.g., stratification; mix­
ing, river proximity) within the 
Puget Sound environs. 

... , .. ltl ........ . 

.........;:::e; I!!S 
• ff ,. ..,.,J&IIIq 

Figure 2. Location of Ecology long-term monitoring stations used in this 
analysis. Station coordinates are in Newton et a/. (1994). 

3) Annual sea temperature and salinity data were paired into three combinations such that years with 
weaker/no ENSO forcing were subtracted from wateryears with stronger ENSO forcing: 

WY92-WY91 
stronger {WY92-WY93} weaker 

WY93-WY91 

The magnitude of the differences, referred to hereafter as delta values, should indicate the relative 
effect of ENSO forcing on temperatures and salinities between the two paired years. It should be noted 
however, that the variation in local climate may not have been driven primarily by ENSO. In order to 
properly evaluate ENSO forcing, an analysis conducted on a longer data record with multiple ENSO 
occurrences is necessary. The results of the present analysis actually yield the relative effect of warmer­
drier weather between the two given paired years. Whether the warmer-drier weather was ENSO-driven is 
only implied by association. Another procedural note is that the preferred method for this analysis would 
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be to calculate anomalies, rather than delta values, for the sea temperature and salinity data. Anomalies 
were not calculated due to lack of a 30-y data record of consistent, annual data. Marine water monitoring 
by Ecology began in WY73, although winter months were not sampled until WY89. Major station and 
method changes in WY89 also obscure this effort. Given the results of the present analysis, a more 
rigorous analysis over a longer data record is currently being investigated. The utility of continuous, long­
term data records for evaluating climate effects cannot be overemphasized. 

Because the WY92 and WY93 ENSO events were associated with warmer and drier than normal local 
weather (Figure 1), it would be expected that the subtractions (step 3) would result in positive delta values 
if these weather conditions indeed resulted in warmer and saltier marine waters. As shown in Figure 1, the 
stronger ENSO year had even warmer and drier weather than did the weak ENSO event. Because of these 
differences in local weather associated with the two ENSO events, the magnitude of the positive delta 
values could be expected to follow: 

WY92-WY91 > WY93-WY91 > WY92-WY93 
or, moderate.:.none > weak-none > moderate-weak 

RESULTS AND DISCUSSION 

Sea Temperature 

For the paired subtractions, the monthly sea temperature delta values, with WY means and standard 
deviations, for each of the five stations are presented in Figures 3, 4, and 5. As predicted, the overwhelm­
ing majority of the delta values are positive. Although most pronounced at 0.5 m, the positive delta values 
are evident even down to 30 m. 

To summarize the data, the sea-surface (0.5-m) temperature (SST) data from all stations and months 
were averaged (Table 1). The 0.5-m data were selected since, iil general, the temperature effect was most 
profound at 0.5 m and all three depths showed the same trend (though exceptions exist for both). Based on 
these data, the magnitude of the positive delta values does not follow the predicted pattern, but instead: 

WY92-WY91 >> WY93-WY91 < WY92-WY93 

This pattern and the SST delta values (Table 1) show that relative to WY91, a strong temperature 
difference is evident in WY92, during a moderate-strength ENSO, and a much weaker temperature 
difference (by a factor of 3) is evident in WY93, the weak ENSO year. The predicted delta value pattern 
was not seen because the WY93 ENSO did not have a strong effect on air temperature for the entire 
wateryear (Figure 1). The observed SST data are commensurate with the air temperature anomalies; delta 
values calculated for air temperature anomalies show the same pattern as those for SST (Table 1) and 
suggest a reasonable correlation between SST and air temperature. 

Table 1. Mean delta values. For temperature (SST) and salinity (SSS), values are means of all sea-surface (0.5-
m) data from all stations (n=S), except for SSS, where first value is from Puget Sound stations (n=4), second 
from Strait of Georgia station (n= 1 ). Values for air temperature, precipitation and flow reflect means of 
values shown in Figure 1. Predicted ENSO-driven effects are indicated by positive delta values for SST, 
SSS, and air temp., negative delta values for precip. and flow, see text. 

Relative Years SST sss Air temp. Precip. Flow 
ENSO forcing ("C) (PSU) ("C) (em) (%norm) 
moderate-none WY92-WY91 1.6 0.7, -5.1 1.54 -3.17 -59% 

weak-none WY93-WY91 0.5 0.6, -0.5 0.13 -2.73 -55% 

moderate-weak WY92-WY93 0.9 -0.04, -3.3 1.41 -0.44 -4% 
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Figure 3. Sea-temperature delta values at three depths for WY92-WY91 comparison at each station versus 
month. The * indicates missing monthly data. Also shown are WY mean and standard deviation (sd) for 
each depth. 
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Figure 4. Sea-temperature delta values at three depths for WY93-WY91 comparison at each station versus 
month. The * indicates missing monthly data. Also shown are WY mean and standard deviation (sd) for 
each depth. 

984 



OCEANOGRAPHIC AND ENVIRONMENTAL MEASUREMENTS 

oct nov dec jan feb mar apr may jun jul aug sep 

5 7.2 5.1 u 
CD 3 Om 10m 30m II 

:!:!. mean: 1.61 1.01 0.41 .., * 
~ sd: 3.30 1.50 0.39 N 
Cl) -1 
CL 
E 

-3 ~ 
<l 

-5 GRG002 

oct nov dec jan feb mar apr may jun jul aug sep 

5 
u 
B' 3 Om 10m 30m 
:!:!. mean: 0.62 0.47 0.37 .., * * * 
~ sd: 0.75 0.59 0.64 N 
Cl) -1 
CL 
E 

-3 II 
1-

ADM00.2 <l 
-5 

oct nov dec jan feb mar apr may jun jul aug sep 

5 
u 
B' 3 Om 10m 30m 

:!:!. mean: -0.06 0.51 0.63 .., 
~ sd: 1.25 0.60 0.59 N 
Cl) -1 
CL 
E 

-3 ~ 
<l 

-5 PSB003 

oct nov dec jan feb mar apr may jun jul aug sep 

5 u 
B' 3 Om 10m 30m 

:!:!. mean: 0.74 0.67 0.69 .., 
~ sd: 1.56 1.38 1.34 N 
Cl) -1 
CL 
E -3 II 
1-
<l 

-5 DNA001 

oct nov dec jan feb mar apr may jun jul aug sep 

5 5.3 u 
B' 3 Om 10m 30m 
:!:!. mean: 1.58 0.60 .., 
~ sd: 2.52 1.30 N 
Cl) -1 
CL 
E 

-3 ~ 
<l 

-5 BUD005 

Figure 5. Sea-temperature delta values at three depths for WY92-WY93 comparison at each station versus 
month. The * indicates missing monthly data. Also shown are WY mean and standard deviation (sd) for 
each depth. 
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For both ENSO years, local air temperatures were warmer than normal during those months that the 
ENSO was also evident in the equatorial Pacific: for WY92, the ENSO was evident Oct-Apr and the air 
was warmer Dec-Aug; for WY93, the ENSO was evident Feb-Jun and the air warmer Mar-May (Figure 1). 
This result confirms ENSO forcing of local air temperatures, as haS been noted by Ropelewski and Halpert 
(1986, 1987). Thus, ENSO occurrence, warmer than normal local air temperatures, and warm Puget Sound 
SSTs appear to co-vary. 

Sea Salinity 
For the paired subtractions, the monthly sea salinity delta values with WY means and standard 

deviations for each of the five stations are presented in Figures 6, 7, and 8. As with sea temperature, the 
majority of the delta values are positive; however, there are many more occurrences of negative delta 
values, most notably in the WY92 data from the Strait of Georgia (Figs. 6 and 8) and in the WY92-WY93 
comparison (Figure 8). 

Although positive salinity delta values are evident down to 30 m, there is a high frequency of cases 
where the 0.5-m delta value is substantially greater than the 10-m and 30-m values. This result follows the 
salinity structure in Puget Sound where salinity-driven stratification is quite evident (cf. Newton et al., 
1994), with low-salinity waters confined to a shallow layer. Lower river flow, increased evaporation, and 
decreased precipitation all would be expected to affect surface waters most. 

Sea-surface (0.5-m) salinity (SSS) delta value means from all stations and months averaged (Table 1) 
show profound differences between the Strait of Georgia and Puget Sound. In Puget Sound, SSS was 
higher during both ENSO wateryears (= positive delta values, Table 1). Relative to WY91, both ENSO 
wateryears have about the same impact. The magnitude of the positive delta values for SSS is : 

WY92-WY91 = WY93-WY91 >>> WY92-WY93 

The Strait of Georgia station exhibits markedly different dynamics. SSS was highest in WY91, and 
much lower during ENSO wateryears (=negative delta values, Table 1), particularly WY92. WY92 
showed substantially fresher SSSs at 0.5 m during Apr-Jul (Figures 6 and 8). All three SSS delta value 
means are negative; two are profoundly so (Table 1). The magnitude of the least-negative delta values for 
SSS at station GRG002 is: 

WY92-WY91 .<<<< WY93-WY91 >>> WY92-WY93 

Such a large influence in SSS (5-15 PSU) is undoubtedly related to the absence versus presence of the 
Fraser River plume. Plume dynamics are influenced by local winds that possibly were affected by the 
moderate ENSO conditions, advecting the plume southward during WY92. 

The Puget Sound SSS data show similarities with river flow data and to a lesser extent with the 
precipitation data. Delta values calculated for precipitation and flow data would be expected to be negative 
if ENSO results in less precipitation and flow. Negative delta values were observed (Table 1), and the 
absolute values of both parameters showed the expected delta value pattern, but with little difference 
between the two ENSO years: 

WY92-WY91 > WY93-WY91 >>>> WY92-WY93 

Although WY92 had more precipitation, both ENSO years showed quite similar flow (Figure 1). The 
Puget Sound SSS data are also not substantially different between the two ENSO years, suggesting a 
stronger influence on SSS from flow than precipitation. This would be expected considering the magnitude 
of these two sources of freshwater input to Puget Sound and that factors, such as diversions, de-couple 
precipitation from river flow. The near zero, but slightly negative Puget Sound SSS delta value for WY93-
WY92 (Table 1) is indicative of the numerous negative values in Figure 8. Negative SSS delta values are 
a curious result considering that both precipitation and flow ranged from roughly equal to slightly higher in 
WY93 compared to WY92 (Figure 1). The higher SSSs in WY93 (Figilre 8) may reflect the impact of two 
consecutive dry years. 
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Figure 6. Sea-salinity delta values at three depths for WY92-WY91 comparison at each station versus month. 
The * indicates missing monthly data. Also shown are WY mean and standard deviation (sd) for each 
depth. 
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Figure 7. Sea-salinity delta values at three depths for WY93-WY91 comparison at each station versus month. 
The * indicates missing monthly data. Also shown are WY mean and standard deviation (sd) for each 
depth. 
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Figure 8. Sea-salinity delta values at three depths for WY92-WY93 comparison at each station versus month. 
The * indicates missing monthly data. Also shown are WY mean and standard deviation (sd) for each 
depth. 
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River influence on SSS is further shown by comparing the five stations. The salinity delta values for 
Admiralty Inlet showed the smallest negative or positive magnitude (Figures 6, 7, and 8). The ADM001 
station is the farthest from river influence of the five stations. Th~ very small salinity delta values imply a 
constancy of the salinity at this station that could be the result of a relative lack of river influence or more 
effective mixing processes than the other stations. However, temperature delta values at this station were 
significant and were sometimes greater than these seen at other stations (e.g., Figure 3). This indicates the 
salinity constancy is primarily due to the lack of river influence at this station, relative to the other stations 
studied here. 

Weather 

For the three years in this analysis, greater ENSO forcing was associated with warmer (positive air 
temperature delta values; Table 1) and drier weather and less river flow (negative precipitation and flow 
delta values; Table 1). Less precipitation and less river flow in the Pacific Northwest are not characteristic 
of all ENSO events; however, the occurrence of wanner local air temperatures during ENSO events has 
been demonstrated (Ropelewski and Halpert, 1986; 1987). In this analysis, the degree of ENSO forcing 
was not reflected by the relative magnitude of the air temperature anomalies (Table 1). This is because the 
anomalies were averaged over the watery.ear, whereas ENSO forcing was evident only part of the year 
(Kessler and McPhaden, 1995a,b). The positive air temperature anomalies also were seen only part of the 
year, primarily late winter through spring (Figure 1). An improved method of analysis would use monthly 
ENSO indices (Climate Analysis Center, 1991) to quantify the degree of ENSO forcing rather than the 
year-long distinctions used here. 

SUMMARY AND CONCLUSIONS 

Although this analysis was elementary, some salient results were obtained and conclusions indicated. 
Of the three years analyzed, SST was noticeably warmest during the moderate ENSO year, when air 
temperatures also were clearly warmer (by 1.4"C, Figure 1). In terms of annual averages, SST was 
increased over the non-ENSO year's value by 1.6"C during the moderate ENSO and by only one-third as 
much (0.5"C) during the weak ENSO. In Puget Sound, SSS was saltiest during ENSO events, although 
SSS changes averaged less than 1 PSU. In spite of weaker ENSO conditions and slightly more precipita­
tion (0.5 em) in WY93 than in WY92, the two wateryears exhibited similar SSSs and flow. In the Strait of 
Georgia, SSS conditions were the opposite of those in Puget Sound, with saltiest values during the non­
ENSO year and freshest in the strongest ENSO year. The difference is probably due to advection of the 
Fraser River plume. Although the sea-surface differences in this analysis may not all be directly related to 
ENSO, the analysis does demonstrate the importance of local weather on Puget Sound. 

Conclusions from this analysis are: 

1) Climatic conditions (i.e., ENSO) noticeably impact sea-surface temperature and salinity. 

2) Puget Sound SST appears to co-vary with air temperature. 

3) Puget Sound SSS appears to co-vary with river flow and less strongly with precipitation. 

4) The Strait of Georgia station GRG002, north of Patos Island, shows variable influence from the Fraser 
River plume that is possibly affected by ENSO events. 

ACKNOWLEDGMENTS 

The author would like to thank Nick Bond (PMEL, NOAA) and Mike McPhaden (PMEL, NOAA) for 
their reviews of the manuscript and insights. Discussions with William Kessler (PMEL, NOAA) regarding 
ENSO dynamics are also acknowledged. This work benefited from graphical and editing assistance by 
Angie Thomson (Ecology), whose contribution is greatly appreciated. 

990 



OCEANOGRAPHIC AND ENVIRONMENTAL MEASUREMENTS 

REFERENCES 

CAC (Climate Analysis Center). 1991. Climate Diagnostics Bulletin, Near real-time analyses. U.S. Dept. 
of Commerce, NOAA, Washington D.C. 

Horel, J.D. and J.M. Wallace. 1981. Planetary scale atmospheric phenomena associated with the Southern 
Oscillation. Mon. Wea. Rev. 109: 813-829. 

Kessler, W.S. and M.J. McPhaden. 1995a. The 1991-93 El Nino in the Central Pacific. Deep-Sea Res., in 
press. 

Kessler, W.S. and M.J. McPhaden. 1995b. Equatorial waves and the dynamics of the 1991-93 El Nino. J. 
Climate, in press. 

Newton, J.A., S.A. Bell, and M.A. Golliet. 1994. Marine Water Column Ambient Monitoring Program: 
Wateryear 1993 Data Report. Washington State Department of Ecology, Environmental Investigations 
and Laboratory Services Program, Publication #94-210, Olympia, Wash. 

Newton, J.A., S.L. Albertson, L.B. Eisner, and A.L. Thomson. 1995. The Marine Water Column Task of 
the Puget Sound Ambient Monitoring Program. In: Puget Sound Research '95 Proceedings, this 
volume. · 

NOAA (National Oceanographic and Atmospheric Administration). 1991. Local Climatological Data, 
1991 Annual Summary with Comparative Data. National Climate Data Center, Ashville, NC. 

NOAA (National Oceanographic and Atmospheric Administration). 1992. Local Climatological Data, 
1992 Annual Summary with Comparative Data. National Climate Data Center, Ashville, NC. 

NOAA (National Oceanographic and Atmospheric Administration). 1993. Local Climatological Data, 
1993 Annual Summary with Comparative Data. National Climate Data Center, Ashville, NC. 

Philander, S.G. 1990. El Nino, La Nina and the Southern Oscillation. Academic Press, San Diego. 

Rasmusson, E.M. and J.M. Wallace. 1983. Meteorological aspects of the El Nino/Southern Oscillation. 
Science 222: 1195-1202. 

Ropelewski, C.F. and M.S. Halpert. 1986. Global and regional scale precipitation patterns associated with 
El Nino-Southern Oscillation (ENSO). Mon. Wea. Rev. 114: 2352-2362. 

Ropelewski, C.F. and M.S. Halpert. 1987. North American precipitation and temperature patterns 
associated with El Nino-Southern Oscillation (ENSO). Mon. Wea. Rev. 115: 1606-1626. 

Thomson, R.E. 1994. Physical oceanography of the Strait of Georgia-Puget Sound-Juan de Fuca Strait 
system. In: Review of the Marine Environment and Biota of Strait of Georgia, Puget Sound and Juan 
de Fuca Strait. R.C.H. Wilson, R.J. Beamish, F. Aitkens, and J. Bell [eds.] Can. Tech. Rep. of Fish. 
Aquat. Sci., 1948: 36-100. 

USGS (U.S. Geological Survey). 1991. Water Resources Data Washington Water Year 1991. U.S. 
Geological Survey water-data report WA-91-1. 

USGS (U.S. Geological Survey). 1992. Water Resources Data Washington Water Year 1992. U.S. 
Geological Survey water-data report W A-92-1. 

USGS (U.S. Geological Survey). 1993. Water Resources Data Washington Water Year 1993. U.S. 
Geological Survey water-data report W A-93-1. 

991 



PUGfT SOUND RESEARCH '95 

PRINCIPLE COMPONENT ANALYSIS OF HYDROGRAPHIC DATA IN SINCLAIR AND 
BUDD INLETS; OR, HOW TO SAMPLE THE GREATEST AMOUNTS OF VARIABILITY 
(WITH THE LEAST EFFORT) 

Skip Albertson1 

ABSTRACT 

Temperature, salinity, dissolved oxygen and nutrient distributions in Sinclair and Budd Inlets are 
examined with the intent of identifying the minimum underlying data set necessary to describe seasonal 
variability, and to identify the dominant physical characteristics in each estuary to a set level of signifi­
cance. Principle component analysis (a.k.a eigenvector or factor analysis, empirical orthogonal functions) 
is used with data from Ecology's marine water-column ambient monitoring database to explore inter­
relationships between these data. 

In both inlets, two depth layers account for more than 90 percent of the variability seen in the entire 
vertical water column. Density (sigma-T) is most closely associated with salinity (S), although in Sinclair 
Inlet temperature (T) is also significant. Among the measured variables, temperature is most closely 
associated with date, reflecting seasonality, and dissolved-oxygen (DO) with depth. Ammonium-Nand 
nitrate-N are independent of the physical parameters in Budd Inlet; thus independent monitoring of 
nutrients is justified. Based on hydrographic (T, S and DO) data, the most redundant stations in Budd Inlet 
are near the mouth and along the west side of the inlet. Four of the 20 stations in Budd Inlet and three of 
the six Sinclair slack tide stations could have been omitted without much loss of the total information 
attained in those locations. 

INTRODUCTION 

In 1967, two years before the Department of Ecology was founded, its predecessor, the Water Pollution 
Control Commission, began taking long-term hydrographic data in Puget Sound. Between 1967 and 1989, 
data were taken monthly from spring until fall at stations from the Canadian border, in the north, to 
Olympia in the south. Data taken after 1973 are available in a computer database. Beginning in 1989, 
subsequent to the formation of the Puget Sound Ambient Monitoring Program (PSAMP), data were taken 
monthly throughout the year with a modem conductivity, temperature and depth probe (CTD). Data from 
0.5-m, 10-m and 30-m depths were culled from these vertical profiles for inclusion in the EPA STORET 
and Ecology databases, in keeping with the historical precedent. 

In 1992, additional funding within PSAMP allowed the initiation of Ecology's seasonal monitoring 
component for the purpose of sampling with greater spatial and temporal resolution than was previously 
possible with the long-term monitoring component (Janzen, 1992). Seasonal monitoring is conducted to 
further investigate areas that may have or are known to have poor water quality. However, since sampling 
resolution is subsequently increased over long-term monitoring, seasonal monitoring also addresses the 
adequacy of one station to represent an estuary. The first two seasonal projects were Budd Inlet in south 
Puget Sound, and Sinclair and Dyes Inlets in the central Sound. It is these data that are analyzed using 
principle component analysis (PCA). 

PCA is an attempt to quantify the variability in field measurements, whatever the physical and 
biological causes, to a known level of significance. The technique is a general one and could be applied to 
the entire Puget Sound database as well as to specific inlets. PCA is a quantitative tool that can be used 
either to reduce the number of variables being measured (e.g., station locations) or to detect structure in 
relationships between variables. PCA can be used to explore whether economizing could be made in 
either: 1) time, by increasing future intervals between seasonal surveys; 2) location, by decreasing the 
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number of stations visited on a given survey; 3) number of parameters measured, by decreasing the number 
of parameters measured in a survey to the truly independent ones; or 4) depth, by decreasing the amount of 
data permanently stored in databases from the high-resolution 0.5 ·bin-averaged vertical profiles collected, 
without significant loss of vertical modes. 

The hydrodynamic conditions in Puget Sound are complex, and the amount of precision desired in data 
will depend on the question bejng asked. For instance, an engineer at a wastewater treatment plant 
concerned about the corrosiveness of seawater on a discharge pipe would likely need to know salinity to 
fewer significant digits than a physical oceanographer studying circulation patterns in the same area. After 
a period of initial sampling, the question of how much variability is being measured at each sampling point 
should be answered based on the data gathered to date. This report addresses that question using seasonal 
monitoring data and PCA. A "datapoint" in this multidimensional space is defined by several independent 
variables (location, depth and time) as well as the dependent ones (parameters: temperature, salinity, etc.). 

METHODS 

Sampling 

Field surveys were planned every two weeks between March and October 1992 in both inlets, though 
logistical constraints occasionally prevented this regular sampling interval from being accomplished. 
Approximately 20 to 30 stations were monitored in each study area (Figure 1). The biweekly sampling 
interval used during the seasonal surveys was insufficient, relative to the period of the tides or the solar 
day, in order to calculate their effect on variability. Only data from equivalent (e.g., midday, neap 
exchange, low tide) tidal states are compared here, thus minimizing variability on these smaller time scales. 

A Sea-Bird Electronics Sealogger SBE-25® CTD profiler was used as the primary CTD for collecting 
continuous water column profile data. Parameters including temperature, salinity, and dissolved oxygen 
(DO) were accessible directly from the CTD. The CTD was calibrated monthly at Ecology and annually 
by a National Bureau of Standards certified lab, per the manufacturer's suggestion (Sea-Bird Electronics, 
1990). A 1.2 liter (L) Niskin® bottle was manually deployed to collect discrete water samples for nutrient 
analyses (e.g., ammonium-N, etc.). Sample collection methods followed the Recommended Protocols and 
Guidelines for Measuring Conventional Water Column Variables in Puget Sound (PSEP, 1990). Ecology's 
seasonal monitoring sampling pl.an is described further in Eisner et al. (1994). 

Analytical Methods 

PCA can best be explained with reference to the 
following contrived estuary (Figure 2): 

For each analysis a matrix of input data (e.g., by 
station and survey date) is analyzed to determine 
redundancies for a particular water quality parame­
ter. An "input" matrix is constructed by entering 
data (e.g., surface temperatures) into colu~ns (by 
station) and rows (by survey date). 

Stream 

A 

Head 
B Mouth 

River 

Figure 2. A fictictious estuary with 3 stations on a 
cross-bay transect 
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date I station A B c 
date 1 5 5 5 
date 2 10 2 10 
date 3 5 4 5 
date 4 0 -3 0 

The relevant correlation matrix is created by the following steps: 

1) Subtracting the mean of each column from each entry in that column to mean-center the data: 

date I station A B c 
date 1 0 3 0 
date 2 .5 0 5 
date 3 0 2 0 
date 4 -5 -5 -5 

2) Dividing each entry in each column by the unbiased (n-1) standard deviation of all the entries in that 
column, thus standardizing the "input" matrix (creating S). Columns (original variables) of different 
parameters can now be compared with each other: 

date I station A B c 
date 1 0 0.84 0 
date 2 1.22 0 1.22 
date 3 0 0.56 0 
date 4 -1.22 -1.4 -1.22 

3) Pre-multiplying this matrix by its transpose, resulting in the desired correlation matrix (A= S.T * S). 
The eigenvalue analysis of the correlation matrix will show whether there is redundancy (a determinant 
close to zero), where lis the Identity matrix and A., the unknown eigenvalue(s): 

det (Al-A) = 1.71 
3 

1.71 
A.-3 
1.71 

3 
1.71 =0 
A.-3 

The solution of this contrived problem is a cubic in A.. The solutions [1..1 = 7.303 (81.8%); ~ = 
1.6298 (18.2%); ~ = 0 (0%)] show that one of the stations (either A or C, determined by inspection of the 
corresponding eigenvectors) is a linear combination of the other two (an exact duplicate, in fact). 

In the more complex analyses of actual data, the significance of each eigenvalue was usually selected 
by the Kaiser criterion: that is, unless a new component accounted for more variance than an original 
variable (A. > 1.0), it was dropped. 

RESULTS AND INTERPRETATIONS 

Time 

In order to use PCA effectively to evaluate the redundancy of data by locale, depth and parameter, it 
must frrst be shown that the input data have been sampled over a sufficiently relevant timescale. Evidence 
to support the argument that the frequency of sampling was insufficient to resolve tidal or diel variability is 
presented in Figure 3. Some parameters, like DO, can change substantially over several hours at a fixed 
point. The Nyquist criterion from sampling theory states that the sampling frequency must be at least twice 
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the lowest frequency of 
interest in order to avoid 
the problems associated 
with aliasing (e.g., 
Ramirez, 1985). In a 
practical sense, hourly 
data would be sufficient 
to resolve the effects of 
the semi-diurnal tide. 
~ Evidence to support 
the hypothesis that the 
biweekly sampling period 
will suffice for measuring 
seasonal variability is 
presented in Figure 4. 
Progressive plots of tem­
perature/salinity (TIS) 
endpoint from both the 
seasonal (biweekly) and 
corresponding long-term 
(monthly) data trace a 
near-perfect ellipse in T, 
S space-note that tem­
perature decreases before 
salinity in the autumn. 
Sampling less often than 
monthly would sacrifice 
detail in these annual 
cycles. These plots pro­
vide some justification 
for using the biweekly 
seasonal data in the rows 
(cases) of these PCA 
analyses. 

Parameter 

By creating an "in­
put" matrix from all 1992 
data with columns of 
latitude, longitude, depth, 
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Figure 5. Tree diagram of Euclidean distances between variables from all 1992 
seasonal data in a) Budd Inlet and b) Sinclair and Dyes Inlet 

temperature, salinity, density and DO, it can be shown that density was most closely related to salinity in 
Budd Inlet (Figure 5a). The same was true to a lesser extent in Sinclair Inlet (Figure 5b), where the 
Euclidean distance (i.e., the square-root of the sum of the squared correlation differences for each variable) 
between density and temperature was also relatively small (this is more clearly apparent in a separate 
analysis of just density, salinity and temperature, not included here). Strong freshwater-induced stratifica­
tion in Budd Inlet may also account for this result. Other parameters were more independent of each other, 
but DO was more related to depth in Budd Inlet than in Sinclair and Dyes Inlets. 
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Depth 

In order to evaluate 
station independence, the 
assumption that the water 
column could be split 
into two layers was 
made. Although the 
CTD samples continuous­
ly and inexpensively at 
every depth, it may be 
costly to maiQtain all 
these data in a database. 
By creating an "input" 
matrix of data with 
depth-bins as columns 
(0.5m, 1m 1.5m, etc.) and 
entering all the casts 
made during 1992 as 
rows (cases), a PCA 
analysis shows that two 
components (the near-sur­
face [<2m] and near-bot­
tom) typically account for 
more than 90 percent of 
the vertical variability in 
the water column forT, S 
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Figure 6. Two-factor PCA plot with varimax rotation. justification for two depth 
layer assumption from 1992 seasonal Budd Inlet data (D_1_5=depth of 1.5m 
etc.) based on station B/-5. All depths, other than 0.5 m, align with two 
factors (surface mixed layer, bottom layer). The ellipses (/ --+ r) enclose depths 
between 1 & 2 m and greater than 2 m. 

and DO (Figure 6). The occurrence of subsurface algae blooms affecting DO are likely the largest 
defeating factor to this scheme. Similar results were obtained in Sinclair Inlet, although the depth and 
degree of separation were slightly different. 

Location (Station) 

This is where PCA can be used to greatest advantage. By making the assumption that the water 
column can be split into 2 layers and that the 14 survey dates (cases) reasonably represent the seasonal 
variability, a workable "input" matrix can be constructed. The columns (original variables) in the matrix 
were composed of near-surface and near-bottom temperatures, salinities, DO, nitrate-N and ammonium-N at 
each station. Each survey date constituted a different case and was entered as a separate row in the matrix. 

Sinclair Inlet 

Slack tide data-surface temperature 

In Sinclair Inlet, the most independent stations of the slack tide transect for surface temperature were 
SE-2 and S-1, and the most alike were SB-2 and SC-2 (Figure 7). The first PCA component, accounting 
for more than 90 percent of the total seasonal variability in surface temperature, was the "free body" mode, 
where all parameters change together at all locations (Table 1). Extrapolating to the future, if 90 percent of 
the variability in surface-temperature will suffice, then only one station (e.g., long-term monitoring station 
SINOOl) needs to be monitored. The second component (Table 1) has one sign reversal in its component 
loadings. This component accounts for an additional 5 percent of the observed variability and seems to be 
related to the influence of outer Puget Sound (i.e., stations toward the mouth of the estuary have a negative 
thermal anomaly in summer). If so, this component is likely to reverse itself twice a year (i.e., Sinclair 
Inlet is cooled by the outer Sound in the summer but warmed by it in the winter). A test of this hypothesis 
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could be made by collecting winter data and making a similar analysis. If correct, a second station at SE-2 
would extract an additional 5 percent of the total variability from Sinclair Inlet. The third component, with 
two sign reversals, might be related to freshwater inputs from Gorst and Blackjack Creeks. Caveats, per­
taining to tidal variability and how representative 1992 was, ·apply. 

Table 1. PCA results of seasonal near-surface temperature at slack tide from Sinclair Inlet 

Variable Component 1 Component 2 Component 3 
SE-2 .907 -.415 -.021 
SD-2 .967 -.036 .142 
SC-2 .989 .076 .090 
SB-2 .982 .132 .041 
SA-2 .989 .139 .042 
S-1 .948 .072 -.304 

Eigenvalue 5.577 0.221 0.124 
%Variance 92.94 3.69 . 2.07 

Budd Inlet 

Slack tide data-independence of location and parameters 

To evaluate the independence of each slack tide station by parameter (based on T, S, DO, ammonium­
Nand nitrate-N data), an "input" matrix was constructed by making columns at each slack tide station, of 
each parameter, at two depths (near-surface and near-bottom). Thus each station gave rise to 10 separate 
columns (e.g., BI-5SA = station Bl-5, near-surface, ammonium-N). The resulting correlation matrix 
showed that only aqout 2/3 of the total variance could be expressed by two components. Correlation with 
two factors (Figure 8) was much 
less satisfactory than in Figure 5. 
Although they do imply a fair 
amount of redundancy in the 
data, nutrient values are more 
independent of the physical pa­
rameters (e.g., temperature, salin­
ity) and thus warrant separate 
monitoring (Figure 8). 

Cross-bay transects-location 
independence 

To evaluate the total indepen­
dence of all the stations (based 
on T, S & DO, since nutrient 
data were not taken everywhere), 
a new "input" matrix was con­
structed. Columns were formed 
from data at each cross-bay and 
slack tide station, of each param­
eter, at two depths (near-surface 
and near-bottom). The matrix 
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Figure 7. Tree diagram of Euclidean distances between slack tide 
stations' temperature, salinity and DO data from all 1992 seasonal 
data in Sinclair Inlet 
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was standardized and the col­
umns of different parameters and 
depths were re-combined so that 
the order of parameters and 
depths were preserved from one 
station to the next. The new col­
umns correspond to the total 
variability of the chosen three pa­
rameters, at two depths, at each 
station. Unique rows (cases), 
again, represent each survey. 
The resultant cluster analysis 
from all components is shown in 
Figure 9. In general, outer bay · 
stations at the BE transect are the 
most alike. At the BB transect, 
the station on the east side (i.e., 
BB-1) is the most unique. Based 
on this analysis, stations BE-l, 
BE-3, BC-3 and BB-3 could be 
dropped with the least loss of 
unique information. 

SUMMARY 

In both inlets, two depth 
layers account for more than 90 
percent of the variability seen in 
the entire vertical water column. 
Density (sigma-T) is most closely 
associated with salinity (S), al­
though in Sinclair Inlet temper­
ature (T) is also significant. This 
reflects higher importance of 
freshwater input in Budd than in 
Sinclair Inlet. Among the mea- · 
sured variables, temperature is 
most closely associated with date, 
reflecting seasonality, and dis­
solved oxygen (DO) with depth, 
reflecting a number of processes 
that vary with depth (e.g., stratifi­
cation, atmospheric coupling, 
biological production). Ammoni­
um-Nand nitrate-N are indepen­
dent of the physical parameters in 
Budd Inlet; thus independent 
monitoring of nutrients is justi­
fied. Based on hydrographic (T, 
S and DO) data, the most redun­
dant stations in Budd Inlet are 
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Rotation: Varlmax normallzad 

iBA 
i OBN 

0.6 ····················:··· ··~· 
! 

.0.8 0 

Factor 1 

Figure 8. Two-factor PCA plot of parameters from various stations (e.g., 
BA =Bottom Ammonium-N) from 1992 slack-tide, seasonal Budd 
Inlet data. Parameters include temperature (T), salinity (5), DO (0), 
ammonium-N (A) and nitrate-N (N). Circles (I --. r) enclose DO data, 
ST, BT & salinity data. None of the nutrient data cluster well or with 
the physical parameters. 
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near the mouth (BE transect) and along the west side of the inlet. Four of the 20 stations (i.e., BE-l, BE-
3, BB-3 and BC-3) in Budd Inlet and three of the six Sinclair slack tide stations could have been omitted 
without much loss of the total information attained in those locations. 

Finally, PCA would be a useful technique to help re-evaluate the importance of long-term monitoring 
stations, as well. By dropping redundant stations, additional locations closer to unique sources could be 
monitored in their place. 
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DISSOLVED OXYGEN CONCENTRATIONS IN HOOD CANAL: ARE CURRENT 
CONDITIONS DIFFERENT FROM THOSE OF 40 YEARS AG01 

J.A. Newton\ A.L. Thomson\ L.B. Eisner1, G. Hannach2, and S.L. Albertson1 

INTRODUCTION 

The following is a summary of work in progress by the Washington Department of Ecology to 
investigate the severity of low dissolved oxygen (DO) conditions in Hood Canal. Hood Canal is a 
biologically productive system exhibiting persistent density stratification during summer months, a 
condition prime for the development of low DO concentrations. It is important to assess whether Hood 
Canal, although naturally prone to low DO concentratrions, is undergoing changes with respect to the 
frequency or intensity of low DO conditions, and whether this may be related to anthropogenic influence. 
Development and other human impacts that could influence parameters affecting DO in Hood Canal have 
changed since the 1950s and 1960s, a period for which comprehensive water column data exist (Collias et 
al., 1974). Ecology is evaluating whether the present-day magnitude and/or areal extent of low DO 
concentrations in Hood Canal is significantly different from those recorded in the historical Collias et al. 
(1974) database. 

The study in Hood Canal represents a focused project of Ecology's Marine Water Monitoring within 
the Puget Sound Ambient Monitoring Program (PSAMP). Ecology's Marine Water Monitoring Unit 
monitors numerous stations within Puget Sound to establish baseline water quality data and to identify 
emerging problems as a component of PSAMP (see Newton et al., 1995). Ecology's approach includes 
both long-term monthly monitoring throughout Puget Sound and short-lived (six months to three years) 
focused projects on water quality-sensitive areas. Focused projects are conducted with increased spatial 
and/or temporal resolution to assess the existence or extent of water quality problems and to detect whether 
conditions reflect long-term changes. A focused project in Hood Canal to investigate the occurrence and 
severity of low DO concentrations was begun in April 1994 and will continue through 1995. 

Hood Canal is a large subregion of Puget Sound that has physical characteristics distinct from the 
Puget Sound main basin. Much of our understanding of biological-physical dynamics in Puget Sound has 
come from studies conducted in the main basin that cannot be directly applied to Hood Canal (e.g., Metro, 
1977, off West Point; Metro, 1984, off Seahurst). The circulation in Hood Canal is much slower than that 
in the main basin (Barnes and Ebbesmeyer, 1978). Although Hood Canal receives less freshwater input in 
comparison with the main basin (Curl and Paulson, 1991), this input, largely from the Skokomish River, 
produces a significant amount of salinity-driven density stratification. Because the tidal exchange in Hood 
Canal is weaker than in the main basin (Barnes and Ebbesmeyer, 1978), the strong salinity-driven 
stratification persists. This is particularly true in southern Hood Canal, where low DO concentrations 
primarily have been observed. In addition to weak currents, the entrance sill to Hood Canal, located north 
of Bangor, impedes inflow and flushing. Model formulations by Cokelet et al. (1988) show that in the 
Puget Sound system the mean age of salt particles is greatest in Hood Canal. Also, the residence time for 
a particle injected into Hood Canal locations ranges from 72-121 d, whereas in the main basin it is only 
59-90 d (Cokelet et al., 1988). 

The physical attributes of Hood Canal-persistent salinity-driven stratification, slow circulation and 
long residence time-can result in the development of low DO concentrations. The physically stable 
environment enables seasonally high biological productivity in the surface layer. Settling and oxidation of 

1 Environmental Investigations and Laboratory Services, Washington Department of Ecology, 300 Desmond Drive, 
Olympia, WA 98504-7710 
2 U.S. Environmental Protection Agency, Pacific Ecosystems Branch, 2111 S.E. Marine Science Dr., Newport, OR 
97365-5260 
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the organic material coupled with persistent stratification result in low DO concentrations in the underlying 
water. In addition, the deep waters in Hood Canal exhibit a high apparent oxygen utilization (Barnes and 
Ebbesmeyer, 1978), due to slow circulation coupled with hig~ organic carbon content. This condition also 
favors the development of low DO concentrations. 

Human impacts can cause or exacerbate low DO concentrations. Human impact to Hood Canal 
includes substantial development of the shoreline and in the watershed. Development has resulted in 
habitat alteration and possible nutrient enrichment. Nutrient enrichment is likely because of failing septic 
tanks, agricultural runoff, and logging, yet this effect has not been quantitatively assessed in Hood Canal. 
Fecal contamination is prevalent in southern Hood Canal (Health, 1993) and has been primarily affected by 
failing on-site sewage systems (Health, in prep.). Another human impact has been the diversion of the 
Skokomish River through Cushman Dam, built in 1930, altering the freshwater delivery. This is potentially 
important since the salinity-driven circulation of estuaries could be affected by freshwater diversions 
(Ebbesmeyer and Tangbom, 1995). Whether the alteration in freshwater delivery magnitude and timing is 
large enough to affect the salinity and circulation of Hood Canal has not been evaluated. 

Both nutrient enrichment and decreased circulation could result in lower DO concentrations and thus 
poorer water quality in Hood Canal. A set of DO profiles collected during August 1986 led Curl and 
Paulson (1991) to conclude "the volume of hypoxic water is much greater than any seen in the previous 
three decades." Numerous fish kills (seven events from 1989-1992; Oberlander, 1992) have been observed 
that could have been caused by low DO concentrations. The events were recorded in late summer to early 
fall; many were observed after rains that had followed a dry period. In consideration of these observations 
and the sensitivity of the system, it is important to assess whether low DO conditions in Hood Canal have 
worsened. Substantial historical data exist for Hood Canal (Collias et al., 1974; unpublished data of T.G. 
Thompson from the 1930s). Ecology's Hood Canal-focused project was designed to evaluate whether low 
DO conditions have worsened, potentially affected by human impacts or other processes, by comparing 
present-day values with the historical data. 

The following hypotheses were developed in order to assess long-term changes in DO and evaluate 
causative factors in Hood Canal: 

H 0 : The low DO concentrations in Hood Canal are of the same magnitude and areal extent as 40 y ago. 

H.: There has been a decrease in the DO concentrations and/or an increase in the areal extent of low DO 
waters: 

Ho: 

1) that is driven by an increase in primary production stimulated by nutrient enrichment; or 

2) that is driven by a change in the circulation or flushing characteristics of Hood Canal. 

The strategies being employed to evaluate each hypothesis are as follows: 

Collect data during 1994-95 to compare with those from 1952-1966 in the Collias et al. (1974) database 
along the same transect of stations. 

H8 ·l: 

• Measure primary production (14C uptake experiments) with and without added nutrient spikes 
to assess whether nutrient enrichment would result in increased production. 

• Assess nutrient loading to Hood Canal. 

H8 -2: 
• Measure temperature, salinity, and density and compare to historical data. 

• Measure a conservative tracer to track water mass movement (Warner, UW). 
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We have conducted five transect cruises measuring DO concentrations and other hydrographic 
parameters along a transect (Figure 1), incorporating Collias et al. (1974) stations and long-term Ecology 
stations. Three stations (#1 in the main basin, #10 in central H~ Canal, and #14 in southern Hood 
Canal; Figure 1) were selected for the primary productivity experiments. At each station the integrated 
primary production was determined by incubating sea water from six depths with 14C-labeled sodium 
bicarbonate, with and without an added nutrient spike (N+P). The physical attributes and circulation of 
Hood Canal have been addressed by contouring hydrographic data from the transects and also by the 
independent research of Mark Warner (School of Oceanography, University of Washington), who measured 
the chlorofluoromethanes F-11 and F-12 on several of our cruises. These dissolved gases are conservative 
tracers that can be used to track water mass movement. Collaboration with Roberto Llans6 of Ecology's 
Marine Benthic Monitoring Unit was begun in 1994 to assess the abundance and diversity of benthic 
infauna as an indicator of the persistence of low DO concentrations. 

Initial results of the project are: 

1) The DO concentrations 
measured during the transect 
cruises in 1994 (Fig. 1) were 
not obviously different in mag­
nitude from the historical 
Collias et al. (1974) values; 
however, the areal pattern was 
different: 

a) Hypoxia (DO concentration 
< 0.15 mg-at/L) was not ob­
served in Lynch Cove during 
the 1994 cruises, yet was fre­
quently seen in the Collias et al. 
(1974) database. 

b) Deep-water hypoxia was 
observed centered at the Great 
Bend region during 1994, 
whereas in the historical data 
the locus for low DO was in 
Lynch Cove, emanating sea­
ward into the Great Bend re­
gion but not centered there. 

2) The F-11 data (Warner, 
UW) indicated the least amount 
of flushing (stable F-11 concen­
trations) at the same Great 
Bend location (station #12) 
where the DO concentration 
was minimum. 

3) For each of the three 
months that experiments were 
conducted (July, August, Sep­
tember), nutrient additions in-

...... , ...... . 
CiiO!"""lUUM M 

• f.l ·~ 

Figure 1. Transect of stations for Ecology's focused project in Hood Canal. 
Stations 2, 3, 4, 6, 7, 8, 10, 12, 13, 14, and 16 are Co/lias eta/. (1974) 
stations. Stations 5 and 14 are Ecology long-term stations; 10 and 16 are 
Ecology rotating stations (see Newton et a/., 1994). 
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Figure 3. Profiles of chlorophyll a-normalized primary productivity (P:B ratio) versus depth for 24-h 14C-uptake 
incubations, with and without nutrient spikes (N+P), during August 1994 in Hood Canal (stations 10 and 
14) and Puget Sound main basin (station 1). Integrated production at station 10 without nutrients added 
was 1151 mg C m·2 cf1; with nutrients it was 2096 mg C m·2 cf1• 

creased the integrated primary production in Hood Canal by as much as 80 percent, representing an 
additional 1000 mg C m-2 d-1 (Fig. 3). The primary productivity rate was stimulated by as much as 300 
percent. The effect was confined to the upper 5-10 m of the water column. In contrast, primary 
production was not stimulated by nutrient addition to sea water from the main basin of Puget Sound, south 
of Admiralty Inlet (Figure 3), as was determined previously for the main basin (Metro, 1977). These 
results indicate that primary production in Hood Canal is nutrient-limited during the growth season. Thus, 
significant near-surface anthropogenic nutrient enrichment to Hood Canal would cause an increase in the 
organic loading and potentially affect DO concentrations. 

Based on the first two results, a possible change in the water column dynamics is indicated. Although 
not seen during our 1994 cruises, hypoxia has been recorded in Lynch Cove during recent years, according 
to Ecology long-term monitoring data (e.g., 1992 in Janzen and Eisner, 1993; 1993 in Newton et al., 1994). 
This observation, therefore, does not imply long-term change for the Lynch Cove area. However, an 
observation of hypoxia centered in the Great Bend region, as seen in 1994, was not recorded in the Collias 
et al. (1974) database in 60 months of data spanning 1952-1966, despite the use of the same Great Bend 
station and depth coverage by both Comas et al. and Ecology. Nor was this pattern observed in additional 
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historical data from 1965-1966 (Collias and Loehr, 1986). When low DO was observed at the Great Bend 
historically, it was primarily apparent in Lynch Cove, emanating seaward into the Great Bend region. The 
observation of low DO in the Great Bend but not in Lynch Cove appears unique to the 1994 data, but its 
significance is not known. 

The station where the lowest DO concentrations were observed in 1994 coincided with the station 
where Warner observed the least variation in F-11 concentrations from April to August. This result 
indicates the least amount of ventilation or flushing at this site. The co-occurrence of these two results 
makes intuitive sense. However, what is not known is whether the unique DO distribution observed in 
1994 (Figure 2) indicates long-term change (e.g., in circulation), or whether it simply reflects anom~ous 
conditions (perhaps due to low rainfall years). Additional monitoring during 1995 will facilitate a better 
conclusion to this project. 

Objectives for 1995 are to: 1) gain additional measurements of the seasonally low DO signature in the 
waters of Hood Canal; 2) evaluate whether long-term change is indicated and if so, to identify causative 
factors; and 3) to assess nutrient inputs to Hood Canal. 

Results of this project will be externally reviewed and published following the 1995 field year. 
Interested parties are advised to contact the senior author. 
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VICTORIA'S WASTEWATER DISCHARGES: EFFECTS ON THE MARINE ENVIRONMENT 

L.A. Taylor1
, P.M. Chapman2

, R.A. Miller1
, and R.V. Pym1. 

INTRODUCTION 

The issue of the Victoria area's lack of sewage treatment has been debated locally, nationally and 
internationally. With the exception of the discussion at the local level, the relevant scientific information 
has not been considered in the sewage treatment debate. This omission must be corrected if a responsible 
decision about the expenditure of public funds is to be made. The scientific issue most central to this 
debate is the effect of the discharge on the marine environment, as the majority of municipal wastewater 
discharge in the Victoria area is to the ocean. 

In the Victoria region the Capital Regional District (CRD) operates 10 marine outfalls, eight of which 
discharge primary- or secondary-treated sewage effluent. The eight outfalls are located in the Gulf Islands 
and along the east coast of the Saanich Peninsula where the marine waters are generally shallow and 
confined. The remaining two outfalls discharge to Juan de Fuca Strait into deep, rapidly moving water. 
These two outfalls receive preliminary treatment, which consists of screening to 6 mm. It is the treatment 
and disposal practices at these outfalls that are the topic of contention. . 

The two outfalls of concern are located at Clover and Macaulay Point (Figure 1). In 1993 the 
combined discharge from both outfalls was approximately 98,000 m3 per day, and they served a population 
of 210,000. Discharge at both locations was initially to the shoreline. However, to alleviate shoreline 
pollution the outfalls were extended, Macaulay Point outfall in 1971 and Clover Point in 1981. The 
resulting outfalls are 1.8 km long and 1.1 km long, respectively. Both outfalls discharge at approximately 
60 m through diffuser sections. 

Sewage effluent is primarily fresh water, so upon discharge into salt water it initially rises. However, 
neutral buoyancy of the effluent plume is quickly reached because of rapid entrainment of salt water. At 
Clover and Macaulay Point this mixing process ensures that the plumes rarely reach the surface. 

OFFSHORE WATER QUALITY 

The initial water quality monitoring program at the Macaulay Point outfall began in May 1970, 15 
months before the outfall was extended, and continued until1979. Thirteen water quality parameters were 
measured (silicate, dissolved oxygen, coliforms, turbidity, forel color, floatables and slicks, nitrite, nitrate, 
phosphate, chlorophyll-a, temperature, salinity and UV absolbance). The 1970-79 data indicated that levels 
of the measured parameters were not affected by the extension of the Macaulay Point outfall, with the 
exception of concentrations of coliform bacteria (Balch et al., 1973; Vassos, 1982a). Coliforms were 
elevated above the outfall but remained far below levels considered unsafe for primary contact recreation 
(Balch et al., 1973; Vassos, 1982a). Further, there was no evidence of a buildup over time of any of the 
water quality parameters including coliform bacteria (Vassos, 1982a). 

A less extensive monitoring program was canied out at the Clover Point outfall in 1981-82. The 
results of this study showed that the effluent was being well dispersed, and coliform concentrations were 
well below the primary contact recreation standard (Vassos, 1982b). 

Of particular interest is the finding that the Macaulay Point outfall was not affecting receiving water 
nitrogen concentrations or causing plankton blooms. This appears to be a result of the natural nitrogen 
dynamics in Juan de Fuca Strait. Deep oceanic water, drawn into the strait by estuarine circulation, brings 
approximately 2,000 tons of nitrogen per day into Juan de Fuca, while the Fraser River contributes about 

1 Capital Regional District, P.O. Box 1000, Victoria, B.C., V8W 2S6 
2 EVS Consultants, 195 Pemberton Ave., N. Vancouver, B.C., V7P 2R4 
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50 tons per day (Harrison et al., 1994). 'This creates a situation where nitrogen concentrations remain high 
throughout the year and do not limit primary productivity. Consequently, the relatively low input of 3-3.5 
tons of nitrogen per day-0.2 percent of the daily deep ocean water input-from the Clover and Macaulay 
Point outfalls (Harrison et al., 1994) does not affect primary productivity and is difficult to detect. 

After 1979 the monitoring of most water quality parameters was discontinued because the majority of 
the parameters measured appeared to be unaffected by the Macaulay Point outfall extension. At both 
Clover and Macaulay Point; surface fecal coliform sampling was retained and monitored quarterly from 
1984 to 1987, and monthly since that time. The monthly data have shown no buildup in fecal coliforms 
over time, and generally fecal coliform levels in the vicinity of the two outfalls have remained well below 
the standard for primary contact recreation, i.e., geometric mean of 200 fecal coliforms per 100 mL (Figure 
2 shows annual data). 

SHORELINE WATER QUALITY 

Before 1993 a large number of recreational beaches in the Victoria area were posted as being unsafe 
for swimming by the CRD Health Department. The beaches were posted based on high fecal coliform 
counts in the foreshore waters. The cause of these high fecal coliform counts was commonly thought to be 
the two long sewage outfalls. To investigate the origin of the beach contamination, the CRD carried out a 
series of surveys of fecal coliform concentrations at affected beaches. These surveys clearly demonstrated 
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that the source of beach contamination was the storm drains that emptied onto the beach's foreshores 
(Crawford and Warman, 1989; Miller, 1993). With this information, the municipalities responsible for the 
contaminated storm drains canied out work to reduce the input of contaminated stormwater to the beaches. 
As a result, since 1993, there have been no marine beaches posted as unsafe for swimming in the CRD. 

SEDIMENT QUALITY 

Recently the focus of the CRD's investigations into the effects of the Macaulay and Clover Point 
outfalls has shifted to examining effects on the sediment environment. This shift in focus occurred 
because, unlike the receiving water environment, the sediment environment and the animals that inhabit it 
are relatively stationary, so they are constantly exposed to the discharges and integrate effects over time. 
Consequently, effects will usually be detectable in sediments before they can be found in the water column. 

Macaulay Point 
Intensive investigations into the Macaulay Point sediment environment were canied out in 1992 and 

1993. The 1992 investigation consisted of a sediment triad study (Chapman, 1990). This was followed in 
1993 by an extensive survey of sediment chemistry. Seventeen stations were sampled in 1992 and 42 in 
1993 (Figure 1). Results from both years were compared to the Washington Department of Ecology 
Sediment Standards (WDOE, 1991). Exceedance of these standards indicates that the sediment has the 
potential to cause adverse biological effects. 

The majority of chemicals measured in both years (40 chemicals were measured in 1992 and 22 in 
1993) did not exceed WDOE standards. Standard exceedances were detected in sediment mercury, 1,4-
dichlorobenzene and some PAH concentrations in a limited area around the outfall (Figure 3). 1,4-
dichlorobenzene levels were above the standards in both years at the 0 m stations and some of the 100 m 
stations (with the exception of a 1993 400 m station, which had a high concentration in one of three 
replicates). Mercury exceedances occurred only in 1992 at the station 0 m from the outfall. Sources of 
mercury to Macaulay Point sewage effluent are mainly dental offices and hospitals. 1,4-dichlorobenzene 
appears to be coming primarily from the white deodorant disks used in men's urinals. 

Sediment PAH concentrations were measured only in 1992. The 1992 data indicate that the highest 
P AH concentrations occurred 400 m to the east of the outfall. Also, exceedances of WDOE standards for 
PAHs occurred only at this 400 m east station (Figure 3). PAH values at 0 m from the outfall were lower 
and did not exceed the WDOE standards. Detailed chemical investigations of the Macaulay Point 
sediments revealed the presence of coal and coke in samples, particularly those to the east of the outfall 
(EVS, 1992). Coal and coke contain high levels of PAH. 

In 1891 a collier ran aground near the Macaulay Point outfall and was subsequently blown up because 
it was a navigational hazard (Guss, 1992). These events deposited coal on to the seafloor, where it remains 
to this day. Apparently it was this coal/coke that was causing the WDOE standards exceedances for PAH 
at the 400 m east station. The lack of standard exceedances at stations closer to the outfall (Figure 3), 
despite the presence of coal/coke in these samples, indicate that outfall contributions ofPAH to sediment 
were not at levels of concern. Because of the confounding effects of the presence of coal in sediments off 
the outfall, PAHs have not been sampled since 1992. In summary, the sediment chemistry results indicated 
that WDOE standards exceedances caused by the outfall were restricted to a 200 m radius of the outfall. 

In 1992, three sediment toxicity tests were run on Macaulay Point sediments: amphipod survival, 
juvenile Neanthes growth and survival, and oyster larvae development. This set of tests was chosen so that 
both acute and chronic toxicity could pe measured. The amphipo9 sediment toxicity test showed no 
evidence of toxicity related to the outfall (Figure 4). Neanthes growth was significantly affected at 0 m 
and 100m from the outfall (Figure 4), and bivalve normality showed significant effects out to the 400 m 
stations (Figure 4). This indicates that the sediments around the Macaulay Point outfall were not causing 
acute toxicity, and chronic toxicity was evident to 400 m, a pattern of effects similar to that shown by the 
sediment chemistry data. 
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OCEANOGRAPHIC AND ENVIRONMENTAL MEASUREMENTS 

Benthic community data from the Macaulay Point outfall exhibited a classic response to organic 
enrichment as described by Pearson and Rosenberg (1978) (Figure 5). In the Pearson and Rosenberg 
(1978) model, as organic enrichment increases, abundance first increases and then decreases after a critical 
level of enrichment is reached (Figure 5). At Macaulay Point benthic richness (number of taxa) increased 
with distance from the outfall while abundance decreased (Figure 5). However, this effect was not evident 
beyond the 100m stations. The observed trends in richness and abundance suggest that chemical toxicity 
of Macaulay Point sediments is moderate at worst and localized in extent (EVS, 1992). A decrease in 
number of taxa and abundance would be expected if highly toxic conditions existed close to the outfall. A 
similar pattern would be expected if organic loading to the sediments was severe. The sediment chemistry, 
sediment toxicity and benthic community data all indicate that effects to the sediment environment around 
the Macaulay Point outfall are generally contained within a 100-400 m radius around the diffuser. 

Clover Point 

The seafloor off the Clover Point outfall-cobbles covered with epifauna-made the collection of 
samples for a triad study impractical. As a result, a tissue chemistry study was carried out on the resident 
mussel Modiolus (see Figure 1 for sampling station locations). Levels of tissue chemicals near the outfall 
were similar to concentrations at the reference station, i.e., within a factor of 2 (EVS, 1992). No clear 
pattern of elevated tissue chemical levels at the outfall was apparent. Some cl:lemicals were higher at the 
reference station than near the outfall, while others showed the reverse pattern. Further studies on the hard 
substrate environment at Clover Point to detect and define outfall effects are ongoing. 

EFFLUENT TOXICITY 

Wastewater discharged through the Clover and Macaulay Point outfalls is acutely toxic to rainbow 
trout, primarily due to low oxygen levels and high ammonia (EVS, 1992). However, these parameters are 
rapidly diluted once effluent is released. Dilution predictions from the CRD's effluent dispersion model 
(Seaconsult, 1992) were coupled with toxicity tests on rainbow trout, Ceriodaphnia and bivalve larvae to 
estimate the zone of water column effects above the two outfalls (EVS, 1992). Figure 6 schematically 
shows the extent of toxicity in the water column around the outfalls. The effluent must rise 1.4 m to pass 
LC50 tests for rainbow trout, 1.5 m to pass LC50 tests for Ceriodaphnia and 4.3 m for EC50 tests for 
bivalve larvae (Figure 6). These results clearly indicate that toxicity effects in the water column are 
extremely localized. 

CONCLUSIONS 

Present impacts from the discharge of wastewater through the Clover and Macaulay Point outfall 
appear to be minimal. Receiving water quality off the outfalls is good and provides little cause for concern 
for human health. Water quality at beaches in the vicinity of the outfalls is not adversely affected by the 
two outfalls. Effects to the sediment environment at Macaulay Point are generally contained within a 100-
400 m area around the diffuser. At Clover Point the pattern and levels of bioaccumulation of outfall­
related chemicals in resident biota are at present not a cause for concern. These results must be taken into 
account by all levels of government and the public if a responsible decision is to be made about the 
appropriate sewage treatment for the Clover and Macaulay Point outfalls. 
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Pearson and Rosenberg (1978) organic enrichment model 
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1016 



0 ..... 
'l 

sea surface 

~ 
~ 

4
. 

. . 
~ . . . 

-65 m 

lj 
100m 

~ 

pipe 
(not to scale - • 1 m diameter) 

I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

I 
I 

I 
I 

IJ ~ :::::;::::rBivalve larvae 
CV = 2.4 m MV = 4.3 m 
CH = 376 m' MH = 397 m2 

48h EC50 = 1.1 • 3.9% 

Corlodaphnla 
CV = 0 • 0.2 m 
CH = 2 ·14m' 

MV = 0.2 - 1.5 m 
MH = 3 ·22m2 

48h LC50 = 18 - > 100% 

Rainbow Trout 
CV = 0 - 0.1 m MV = 1.2 • 1.4 m 
CH = 2 · 12m2 MH = 4 • 15 m' 
96h LCSO = 42 • 64% 

100m 
CV = Height from ditluser at the Clover Pt. outfall 

CH = Horizontal area around ditluser at the Clover Pt. outfall 

MV = Height from ditluse~ at the Macaulay Pt. outfall 

MH = Horizontal area around dltluser at the Macaulay Pt. outfall 

The 'domes' around the outfall represent relative areas of effect as determined by each toxicity test. The Insert 'cone' provides an 
actual representation, for each outfall, of affected distances assuming no current existed to distort the shape of this 'cone'. 

Figure 6. Effluent toxicity in the receiving waters of the clover and Macauley Point outfa/ls 

"1:1 c: 
C') 

!!I 
0 
c: z 
c 
liiCI 
~ 
~ 
~ 
::1: 
~ 
VI 



PUGET SOUND RESEARCH '95 

REFERENCES 

Balch, N., D. Ellis, and J. Littlepage, 1973. Macaulay Point Outf~l Monitoring Program, May 1970-
October 1972. Dept. of Biology, University of Victoria, Victoria, B.C. 

Chapman, P.M. 1990. The Sediment Quality Triad approach to determining pollution-induced degradation. 
Sci. Tot. Environ. 97/98: 815-825. 

Crawford, D. and R.W. Warman. 1989. Impact of Shoreline Discharges on Water Quality in Ross Bay 
and Gonzales Bay. Capital Regional District Report, Victoria, B.C. 

EVS Consultants. 1992. Sediment and Related Investigation off the Macaulay and Clover Point Sewage 
Outfalls. EVS Consultants, Vancouver, B.C. 

Guss, C. 1992. Shipwrecks around the Victoria Harbour area. Capital Regional District Report, Victoria, 
B.C. 

Harrison, P.J., D.L. Mackas, B. W. Frost, R.W. Macdonald, and E.A. Crecelius, 1994. An assessment of 
nutrients, plankton and some pollutants in the water column of Juan de Fuca Strait, Strait of Georgia 
and Puget Sound and their transboundary transport. In: Wilson, R.C.H, Beamish, R.J, Aitkens, F. and 
Bell J., Review of Marine Environment and Biota of Strait of Georgia, Puget Sound and Juan de Fuca 
Strait, Proceedings of the BC/Washington Symposium on the Marine Environment, Canadian Technical 
Report of Fisheries and Aquatic Sciences No. 1948: 138-174. 

Miller, R.A. 1993. Impact of Shoreline Discharges on Water Quality in Ross Bay. Capital Regional 
District Report, Victoria, B.C. 

Pearson, T.H. and R. Rosenberg, 1978. Macrobenthic succession in relation to organic enrichment and 
pollution of the marine environment. Oceano gr. Mar. Bioi. Ann. Rep. 16:229-331 

Seaconsult Marine Research. 1992. Report in letter form on dilution rates at the Clover and Macaulay 
Point Outfalls. Prepared for the Capital Regional District, Victoria, B.C. 

Vassos, T. 1982a. Capital Regional District Marine Monitoring Data, 1973-1979 Review. J.E. Anderson 
and Associates, Victoria, B.C. 

Vassos, T. 1982b. Clover Point Outfall Performance, 1981-82 Coliform Monitoring Program Status 
Review. J.E. Anderson and Associates, Victoria, B.C. 

Washington Dept. of Ecology, 1991 Sediment Management Standards, Chapter 173-204 WAC. Olympia, 
Wash. 

1018 



. -. 
' 
' 

PUGET SOUND 

RESEARCH '95 

POSTER 
ABSTRACTS 





POSTER ABSTRACTS 

PHYTOPLANKTON S~ECIES COMPOSITION IN RELATION TO DISSOLVED NUTRIENTS, 
CHLOROPHYLL A, LIGHT PENETRATION AND STRATIFICATION AT THREE PUGET 
SOUND STATIONS LOCATED IN NORTH, CENTRAL AND SOUTH SOUND: MONTHLY 
DATA FROM MAY 1992 TO OCTOBER 1994 . 

Lisa Eisner1 

Monitoring of phytoplankton species composition, as well as nutrients and physical parameters, is 
important in understanding the factors involved in phytoplankton species occurrence in Puget Sound. A 
long-term database of phytoplankton species composition does not exist at present; therefore, the data 
presented here also provides baseline information for stations in three diverse Puget Sound locations. 
Monthly data were collected from May 1992 through October 1994 at one stati'on in Georgia Strait north of 
Patos Island, one in the central main basin at West Point, and one in central Budd Inlet in the south Sound. 
Discrete water samples were collected at 0.5 m and analyzed for phytoplankton species composition, 
chlorophyll a and dissolved nutrients (nitrite+nitrate-N, ammonium-N and orthophosphate-P). Vertical 
profiles of conductivity-temperature-depth (CTD) and Secchi depth measurements were also conducted. 
Comparisons of phytoplankton species composition with dissolved nutrients, chlorophyll a, light penetration 
(determined from Secchi depth), and stratification (determined from CTD measurements) are presented. 

Phytoplankton abundances overall were highest at the Budd Inlet station, followed by the central main 
basin station and then by the Georgia Strait station, according to chlorophyll a and cell count data. In 
Budd Inlet from July to August or September during 1992 and 1993, dinoflagellate species had high 
concentrations (105 to >106 cells/L) and were more abundant than diatom species, whereas, in the central 
main basin and in Georgia Strait dinoflagellate species had low concentrations (< 104 cells/L) and were less 
abundant than diatom species throughout the year. Potentially toxic Pseudonitzschia spp. tended to be 
observed more frequently at the central main basin and Georgia Strait stations than at the Budd Inlet 
station. 

1 Washington Department of Ecology, P.O. Box 47710, Olympia, WA 98504-7701 

1021 



PUGET SOUND RESEARCH '95 

BIOACCUMULATION OF OXYTETRACYCLINE IN SHELLFISH 

Stephanie Harris1
, George J. Vasconcelos2 and Kelly M. Williams3 

A study was undertaken to determine the bioaccumulative abilities of oxytetracycline in several 
economically important species of shellfish. This antibiotic is frequently used by commercial net pen 
operations for the control of bacterial disease. Recent concern regarding the potential for development of 
antibiotic-resistant marine bacteria, the accumulation of antibiotic at toxic levels in shellfish harvested near 
commercial net pens, and the potential for using shellfish to monitor the antibiotic discharge on-site 
prompted this study. In two studies performed, shellfish were exposed to oxytetracycline in uncirculated 
tanks containing seawater for 48 and 168 hours, respectively. Two forms of oxytetracycline were used, 
bound and unbound. A rapid microbial bioassay was utilized to determine shellfish antibiotic 
concentrations. Following the exposure period, shellfish were placed in tanks containing free-flowing 
seawater to determine the depuration time. The limit of detection was 2.5 ppm. Crassotrea gigas (Pacific 
oyster) proved to be the only shellfish capable of concentrating the antibiotic above background levels and 
then only when exposed to the bound form of the antibiotic. The results indicate that oysters are capable 
of concentrating oxytetracycline and may be a useful bioindicator organism to monitor the amount of 
antibiotic discharged into the environment in the vicinity of net pens. 

WATER QUALITY STUDY OF SEQUIM BAY 

Gabriela Hannach4 

The water quality of Sequim Bay was investigated in response to concerns expressed by the local 
community. In the summer of 1993 four monthly bay-wide surveys were carried out in order to 
characterize physical and biologtcal conditions and to detect anomalies indicative of water quality 
deterioration. On each survey, 15 stations were sampled intensively during a full tidal cycle. A 
conductivity-temperature-depth (CTD) profiler equipped with additional sensors was used to collect 
continuous water column profile data. Vertical profiles thus recorded include key physical parameters, 
dissolved oxygen and fluorescence emitted by algal photosynthetic pigments. 

Depth profiles show density stratification characteristic of Puget Sound embayments in summer. 
Phytoplankton blooms occurred throughout the season, but were not associated with significant dissolved 
oxygen (DO) depletion. DO distributions indicate decreasing concentrations eastward and towards the 
inner bay, consistent with tidal current patterns; near bottom concentrations generally stayed above 5 mg/L. 
Analysis of water samples indicates levels of ammonium and nitrate nitrogen representative of Puget Sound 
embayments, with surface minima occurring during July and August. The significance of these and other 
results will be discussed in relation to the water quality of other Puget Sound embayments. 

1 Environmental Protection Agency, Region 10, Manchester Lab, 7411 Beach Drive NE, Port Orchard, WA 98366 
2 U.S. Public Health Service detailed to the Environmental Protection Agency, Region 10 Laboratory, Port Orchard, 
WA 98366 
3 Veterinary Medical Program, Tuskegee University 
4 Washington Department of Ecology, P.O. Box 47600, Olympia, WA 98504-7600 
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MONITORING WATER QUALITY EFFECTS DURING SEDIMENT REMEDIATION 

Carol M. Sanders and J. Patrick Moore1 

The effects on water quality from dredging and capping of contaminated sediments is a key concern as 
remediation of contaminated aquatic sites continues into the twenty-first century. To minimize as well as 
quantify the possible impacts, various methods of water quality monitoring have been employed over the 
past decade. These methods ranged from crude field measurements to sophisticated data collection and 
management. The methods used on a variety of projects throughout Puget Sound region and the United 
States will be reviewed. The results from various monitoring efforts and their impact on future projects 
will be discussed. 

The methods used to monitor these effects are becoming more sophisticated as our knowledge of the 
environmental impacts increases. The "leading edge" of water-quality monitoring techniques will be 
discussed giving insight iQto the most sophisticated means of instantaneous data recovery. The ability to 
monitor data in real time for determining the impacts of aquatic remediation is an invaluable tool. From 
tracking the dredge plume, to noting the impacts on dissolved oxygen from dredge material disposal, these 
techniques have been field tested and have proven to be effective during one of the most aggressive 
remediation projects in Puget Sound-the Sitcum Waterway Remediation. The· Sitcum project, as well as 
ongoing projects in Puget Sound and around the country, will be highlighted to show the evolution of 
water quality monitoring. 

MAPPING PUGET SOUND NEARSHORE HABITATS 

Thomas F. Mumford, Jr., Allison R. Bailey, Rebecca Ritter, Elizabeth Lanzer and Betty Bookheim2 

The nearshore marine and estuarine habitats of Puget Sound are a critical part of the Puget Sound 
ecosystem, forming the edge or interface between the uplands and the deep-water ecosystems and serving 
as habitat for many fish and wildlife. The type, location and amounts of these habitats are poorly known. 
We are classifying and mapping these habitats, using remote sensing multispectral scanner imagery plus 
ancillary data. We will show the results of this effort, especially as applied in urban embayments. The 
results will be compare to previous efforts in the Coastal Zone Atlas and the National Wetland Inventory. 
Results will also be compared to national and oil spill response mapping efforts. The products fulfill a task 
of the Puget Sound Ambient Monitoring Program and will be used for better management of aquatic 
resources by the Department of Natural Resources. 

1 Sanders & Associates, Inc., 12204 N.E. 64th St., Kirkland, WA 98033 
2 Department of Natural Resources, Division of Aquatic Resources, P.O. Box 47027, Olympia, W A 98504-7027 
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PADILLA BAY RESERVE: RESEARCH FOR COASTAL ZONE MANAGEMENT 

Douglas A. Bulthuis and Terence C. Stevens1 

Padilla Bay National Estuarine Research Reserve was designated in 1980 by the National Oceanic and 
Atmospheric Administration (NOAA) and Washington State under the Coastal Zone Management Act. 
Padilla Bay has a four-fold mission of resource protection, public information, education, and research on 
the Padilla Bay estuary. 

Research in Padilla Bay is carried out by investigators from several universities in Washington and by 
state and federal agencies. Research projects carried out since designation of Padilla Bay as a National 
Estuarine Research Reserve have increased our understanding of the important habitats and components of 
the estuary and have contributed to policy and protection of estuarine environments throughout the state. 
There is both a need for further research and the opportunity to do so in Padilla Bay. Padilla Bay is a 
good site to conduct certain types of research because of its protected status, the availability of other 
studies for comparative purposes, and the institutional and infrastructural support provided by the Reserve. 

Padilla Bay is a shallow protected estuary with an extensive intertidal area predominately covered by 
the eelgrasses, Zostera.marina and Zostera japonica. The eelgrass habitat is important for many marine 
and estuarine animals including juvenile salmon, Pacific herring, Dungeness crabs, and waterfowl such as 
Brant, Widgeon, Pintail, Scaup, Bufflehead and Scoter. 

The poster illustrates some of the research conducted in Padilla Bay and major findings. 

ESTUARINE HABITAT RESTORATION IN AN URBAN ENVIRONMENT: MIMICING 
MORPHOLOGY TO IMPROVE FUNCTION 

Justine Barton2
, Curtis D. Tanne~ and Patrick Cagney4 

Estuaries are the gateways to watersheds for humans as well as fish and wildlife. Their importance to 
maritime commerce has resulted in significant loss of habitat area and function, nearly 100 percent in some 
Puget Sound estuaries. Despite these impacts, fish and wildlife continue to depend on these areas for vital 
portions of their life history. This project identifies and evaluates approaches to habitat restoration that 
address the unique challenges of highly urbanized estuaries. Three pilot projects are being constructed and 
monitored in Seattle's Duwamish River estuary. Projects were designed to take advantage of site 
characteristics by mimicing historic morphology to restore habitat function. Preliminary monitoring and 
evaluation suggests that these construction techniques have changed site morphology and resulted in 
improved fish and wildlife use. Innovative techniques can be used to restore functions for fish and wildlife 
in a relatively cost-effective manner. These techniques maximize site specific opportunities and need not 
preclude economic development and use. Watershed-scale restoration cannot simply "write off' highly 
urbanized portions of our systems. This project documents new restoration options for consideration when 
managing degraded estuarine environments. · 

U.S. Environmental Protection Agency, Region 10, 1200 Sixth Avenue, Seattle, WA 98101 
2 

U.S. Environmental Protection Agency, Region 10, 1200 Sixth Avenue, Seattle, WA 98101 
3 

U.S. Fish & Wildlife Service, 3704 Griffen Lane S.E., Suite 102, Olympia, W A 98501 
4 

U. S. Army Corps of Engineers, Seattle District, P.O. Box 3755, Seattle, WA 98124 
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WATER QUALITY, SUSTAINABLE AGRICULTURE AND WILDLIFE ENHANCEMENT 

Lorna Ellestad 1 

Agriculture has been implicated as a source of nitrate pollution in surface and ground water. Studies 
suggest that different cultivation practices can influence the concentration of nitrogen available for nitrate 
leaching. Cover crops can improve water quality by removing nitrates from the soil, and can improve soil 
quality by reducing erosion, thereby increasing water infiltration and nutrient retention, and by adding 
organic matter. 

For the past two years, the Ducks Unlimited "Barley for Birds" project has been implemented in the 
Skagit Valley, in cooperation with the U.S. Fish & Wildlife Service, the Puget Sound Water Quality 
Authority, Washington State Department of Fish & Wildlife, and local farmers. The planting of fall cover 
crops of barley in 1993 reduced the levels of nitrogen in surface and subsurface soils by an average of 130 
lbs per acre, while providing over 450 tons of grain for over-wintering waterfowl 

The purpose of my research is to identify factors which relate to the accumulation and transportation of 
nitrates in the soil column. Soil samples were taken in tiers to delineate vertical movements, and at 
different times to establish sequential changes in ion type and concentration. The fields were further 
analyzed for biomass and yield, soil type, organic matter, and weed suppression. 

On-farm research using real field conditions and farming methods is the best way to persuade farmers 
to adjust fertilizer applications for better nutrient management. Providing farmers with a practical way to 
monitor available nitrogen and creating an awareness that both money and resources are being lost can help 
accomplish a significant reduction in nitrate pollution. 

Farmers have found that the "Barley for Birds" project has been a positive way of building partnerships 
within the community and with regulatory agencies. One Field Day was attended by over 30 people, 
representing 15 agencies and groups. We have been successful in presenting a favorable environmental 
image at a time when the public has focussed attention on water quality problems associated with 
agriculture. 

Huxley College of Environmental Science, Bellingham, W A 

1025 



PUGET SOUND RESEARCH '95 

REAL-TIME TRACKING OF DREDGE MATERIAL PLUMES DURING DEEP WATER 
DISPOSAL OPERATIONS OFF SAN FRANCISCO, AND THE APPLICABILITY OF THIS 
TECHNOLOGY TO DISPOSAL OPERATIONS WITHIN PUGET SOUND 

Jeff Cox1 

Puget Sound dredge-material disposal locations were selected a number of years ago partially on the 
basis of model predictions of the quantity of dredged material which would reach the bottom within the 
disposal site, and estimates of where and how local currents would transport and dilute any material 
remaining in the water column. Monitoring studies since that time have focused on the location, and 
chemical and biological condition of the dredged material located on the bottom within or adjacent to the 
disposal areas. Studies of the movement and dispersion of the dredged material stripped off in the water 
column have not been performed to confirm the initial estimates made during the siting studies, due to the 
technical difficulty and cost in performing such efforts. 

In September 1993, a coordinated monitoring effort was conducted at the Navy's deep water disposal 
site off San Francisco to track the vertical and horizontal movement, and dilution rate, of eleven barge 
loads of disposed dredge material. The barges contained sediments dredged from two Navy facilities 
within San Francisco Bay: the Alameda Air Station and the Naval Supply Center in Oakland. Water depth 
at the disposal site averaged approximately 2,900 meters. The purpose of the monitoring effort was to 
determine if actual sediment movement and dispersion agreed with previous predictions made within an 
Environmental Impact Statement (EIS) which were based on a number of field measurements and 
numerical model calculations. Identifying any sediment movement into two nearby marine sanctuaries was 
also of primary interest. 

Plume movement was tracked using several instruments: a towed 600 kHz, modified Acoustic Doppler 
Current Profiler (ADCP), a ship-mounted 75kHz ADCP, a 200kHz fathometer, a transmissometer, and 
discrete water samples. Water stratification was measured with a Seabird CTD; currents were obtained 
from both ADCP units combined with DGPS navigation data. Grain size characteristics of the sediments in 
the barges prior to disposal were also measured. The sediment plume which formed at the disposal site 
was successfully tracked down to approximately 700 meters, and over five to six hours while the plume 
moved approximately one to three nautical miles. The plume movement and dispersion rate appeared in 
general agreement with predictions presented in the project EIS; specific results are presented herein. 
The technology used successfully off San Francisco can be used to investigate similar questions within 
Puget Sound where natural sediment loads are not excessive. Such investigations can include not only 
confirmation of actual versus estimated movement of dredged material plumes, but also tracking of some 
industrial and municipal effluent, river-generated sediment plumes, and plankton layers. 

Evans-Hamilton, Inc., 731 N. Northlake Way, Suite 201, Seattle, WA 98103 
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WATER QUALITY APPLICATIONS FOR A GEOGRAPHICAL INFORMATION SYSTEM 

Kathy Thornburgh, Michael McGuiness and Susan Grigsby1· 

Snohomish County's Surface Water Management Division and Department of Information Services 
have cooperated to improve the ability of watershed managers and elected officials to make informed water 
quality management decisions. Snohomish County utilizes a geographic information system (GIS) which 
can spatially analyze, query, and graphically display water quality and hydrologic data for decision making~ 

Within the Surface Water Management Division, the GIS is used for water-quality data analysis, 
hydrologic modeling, planning, and tracking detention pond maintenance and drainage investigations. 
Some of the county-wide information in the GIS includes hydrology, watersheds, roads, land cover, future 
land use, soils, geology, wildlife habitat areas, drainage complaints, and water quality monitoring and 
gauging sites. The database includes information about the type and frequency of data which is collected at 
each site and the actual water quality and flow data. The GIS application was developed to graphically 
show time series plots of water quality data. 

Some goals for using the GIS in Surface Water Management are: 

• to make the existing water quality database available to local governments; tribes, and agencies; 

• to identify data monit~ring gaps in local government, tribal, and agency monitoring programs; 

• to promote inter-governmental and inter-agency cooperation in water-quality monitoring programs and 
identification of water quality problems; 

• to promote education of watershed managers, elected officials, the public and educators by spatially and 
graphically displaying existing water quality and hydrologic conditions in their watersheds; 

• to provide a model for other counties and local governments to follow in dealing with water quality 
data from a variety of monitoring programs; and 

• to increase accessibility to water quality data so that managers can focus their pollution reduction and 
prevention efforts where they are most needed. 

1 Snohomish County Department of Public Works, Surface Water Management Division, 2930 Webnore Avenue, 
Suite 101, Everett, WA 98201 
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THE SURF SMELT, Hypomesus pretiosus, IN PUGET SOUND: A REVIEW 

Daniel E. Penttila1 

The surf smelt is a common and widespread local nearshore schooling forage fish, important to marine 
food webs and supporting localized sport and commercial fisheries. Ongoing Washington Department of 
Fish & Wildlife (WDFW; formerly the Department of Fisheries) investigations have greatly expanded the 
known distribution of its upper intertidal spawning beaches in the Puget Sound region. The life history and 
spawning habits of the surf smelt involve this species in many aspects of current management activities in 
the Puget Sound basin, from habitat inventory to land-use regulation. Its spawning habitats support forage 
stocks; provide harvest opportunity, and yet are vulnerable to adverse human impacts and changes in the 
characteristics of upper intertidal beach sediments. 

The author has led WDF/WDFW surf smelt investigations in the Puget Sound region since 1972. 
Currently, the WDFW "Intertidal Baitfish spawning Beach Survey Project" (IBSBSP) emphasizes mapping 
of heretofore unknown spawning sites around Puget Sound through the detection of the demersal eggs in 
upper intertidal beach materials.- Other recent surf smelt investigations have included spawning ecology 
studies, biological studies of spawning fish, and sport fishery monitoring. 

The Puget Sound region is now known to support nearly 150 lineal statute miles of surf smelt 
spawning beach, and it is very likely that much more spawning habitat will be found as the IDSBSP 
continues its survey efforts in the coming years. Spawning tidal elevations, spawn densities, spawn 
deposition frequencies, in situ mortalities, and spawn substrate grain sizes can be characterized. Spawning 
populations can generally be divided into "fall-winter" spawners or "summer" spawners,although some 
beaches are riow known to support virtually year-round spawning activity. 

Despite its widespread occurrence in the Puget Sound region, the species is relatively poorly known to 
many local residents. Much spawning habitat has been destroyed in the past by urbanization and shoreline 
armoring, for lack of protective policies and/or lack of knowledge the local existence of the resource. The 
surf smelt is currently listed in the WAC Hydraulic Code Rules as a marine species with particular habitat 
concerns. In harvest management terms, the surf smelt resource Sound-wide may be considered 
''under-utilized," with some opportunity for increased harvest. Both sport and commercial harvest 
opportunities are curtailed by lack of sufficient public beach access to the increasing-privatized shorelines 
of Puget Sound. 

1 Washington Department of Fish & Wildlife, Puget Sound Baitfish Unit, 1702-Bay 4, Anderson Road, Mt. Vernon, 
WA 98273 
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THE DISTRIBUTION, ABUNDANCE AND HABITAT REQUIREMENTS OF TWO 
ENDANGERED FISHES FROM THE NOOKSACK RIVER DRAINAGE IN CANADA 

Susan D. Inglis1 and Dr. Marvin L. Rosenau2 

An expanding urban environment has had major impacts on the habitat quality of the many small rural 
and urban streams in the Fraser Valley and Lower Mainland of British Columbia. lbi.s has affected 
endangered fish species (the Salish sucker, Catostomus sp., and Nooksack dace, Rhinichthys sp.) inhabiting 
some of these streams. These small, demersal fish are post-glacial relics of the Chehalis fauna and are 
restricted to the Fraser Valley in British Columbia and the Chehalis River and Puget Sound drainages in 
Washington state. Because of declining numbers, two studies were conducted to determine the current 
status and habitat requirements of these fish. In 1992, we found that the Salish sucker's range was 
considerably diminished compared to previous reports and it is now extirpated from most of its former 
range. Likewise, although Nooksack dace are relatively abundant in streams within the Nooksack River 
drainage, a 1993 survey indicates that their already restricted distribution is also shrinking. The streams 
that these two species inhabit are small ( < 6 m in average width) and Salish suckers utilize a variety of 
hydraulic types including pools, glides and riffles. Compared to adults, young-of-the-year suckers prefer 
micro-habitats with a higher percentage of over-stream cover. Habitat suitability curves were developed for 
Nooksack dace, and riffles with water velocities of approximately 0.28 m.s-1 and substrate comprised of 
loose gravel and cobbles are the preferred habitat for adults. Young-of-the-year dace were found in the 
slower water of pools and glides adjacent to riffles containing adults. The results of these studies provide a 
framework for land use planning, including the development of protected habitat areas. Without 
government and public action to preserve their habitat, the Salish sucker and Nooksack dace will likely 
become extinct from Canadian streams. 

1 #103 - 1265 Beach Ave., Vancouver, B.C. V6E 1V4 
2 British Columbia Ministry of Environment Fish & Wildlife Management 
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LOCAL MARINE RESERVES: A PROPOSAL TO PROTECT PUGET SOUND BEACHES FROM 
OVERHARVEST 

Mark D. Plunkett1 

The Puget Sound region has experienced a major increase in human population over the past several 
decades, and this trend is projected to continue. 1his has placed unprecedented pressure on the harvest of 
the area's marine resources, for both personal and commercial purposes. In addition, health concerns exist 
regarding consumption of plants and animals from local beaches. In response to these issues, the city of 
Seattle and the King County Department of Metropolitan Services (Metro) have embarked upon a shellfish 
harvest study. Pre-study clam surveys were field tested in 1993 and 1994. The methodology found to be 
most appropriate involves weighing/measuring selected bivalves dug from one-cubic foot sites on a 
systematic sampling grid. 

In 1995 or 1996, the beach will be equally divided into adjacent harvest and non-harvest areas. 
Semi-annual clam surveys will commence for at least three years after partitioning. Populations estimates 
will be compared between the harvest and non-harvest sections. The objective of the study is to determine 
what future level of human collection is appropriate, if any, on Seattle beaches. Ultimately, conclusions 
from this work may be utilized in guiding the study and management of local marine resources to augment 
county, state and federal prog1;ams. 

OCTOPUSES AND CLAMS: THE PACKAGING PROBLEM 

Roland C. Anderson1 

When an octopus finds a clam its problems with getting food are not over, as it still has to get between 
the hard shells. Large octupi (Octopus dojleini) of the Pacific Northwest were offered the mussel Mytilus 
trossulus and the clams Tapes philippinarum and Protothaca staminea for food at the Seattle Aquarium. 
They solved the penetration problem differently for each species of bivalve. They usually pulled apart the 
valves of Tapes. 1hinner Mytilus shells were equally often broken apart, chipped at the edge, or pulled 
apart. The thicker Protothaca shells were chipped or had a hole drilled in them with the radula and 
salivary papilla. Nearly all chips and drills into Tapes were successful, but only half into Protothaca 
resulted in clam opening. Tests of clam strength showed that Mytilus needed less pulling force than Tapes, 
which in turn needed less than Protothaca. If Tapes shells were wired shut, the octopus equally often 
resorted to chipping, drilling, or breaking in attempts to penetrate the clams. Thus the octopus has four 
ways of getting into a clam, and appeared to use the easiest possible, resorting to drilling only when the 
other methods were unsuccessful. 

1 The Seattle Aquarium, Pier 59, Seattle, WA 98101 
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A VIDEO-ACOUSTIC TECHNIQUE FOR ASSESSING ROCKY REEF FISHES IN PUGET 
SOUND 

Wayne Palsson, N. Lemberg, R. Pacunsk:i, R. Mueller and S. Burton1 

A new technique was developed for assessing populations of lingcod, rockfishes, and other fishes living 
on rocky reefs in Puget Sound. The Video-Acoustic Technique (VA'I) incorporates a scientific echosounder 
and remotely operated camera to assess fish densities on reefs where direct assessment methods are 
otherwise limited. During the fall of 1993 and summer of 1994, VAT surveys were conducted in the San 
Juan Archipelago and Strait of Juan de Fuca. Fine scale nautical charts and local knowledge were used to 
identify and quantify likely reef areas in depths of 40 m or less. These locations provided the sampling 
frame for systematic surveys of the nearshore environment. During 1993, over 100 stations were surveyed 
in the San Juans and in 1994, almost 600 stations were surveyed in northern Puget Sound. 

The acoustic component of the VAT collected fish density observations along a strip transect over 
surveyed portions of reefs. Acoustic observations were limited to the water column 2 m above the bottom. 
To assess the near bottom species, a video camera mounted on a tripod was placed on the reef to survey 
the fishes living within 2 m of the bottom. Remote operation from a surface s~pport vessel allowed the 
camera to sweep a circle and observe fishes within a range of 1 m to 3 m. The camera was also used for 
acoustic target identification and for bottom type characterization. The abundance estimates from the 1993 
survey of the San Juans were 2.1 million copper rockfish (Sebastes caurinus), 0.1 million quillback 
rockfish (S. maliger), 25 million Puget Sound rockfish (S. emphaeus), and 0.3 million lingcod (Ophiodon 
elongatus). Coefficients of variations ranged from 30 percent for the more abundant species greater than 
100 percent for the rarer species. The results from the ongoing 1994 survey are not yet available, but no 
rockfish were detected west of Port Angeles despite a sampling of 50 nearshore stations. 

1 Washington Department of Fish & Wildlife, 600 Capitol Way N., Olympia, WA 98501-1091 
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OUTMIGRANT GREEN RIVER CHINOOK SALMON (Oncorhynchus tshawytscha) 
DISTRIBUTION AND GROWTH IN THE DUWAMISH RIVER AS A FUNCTION OF WATER 
QUALITY PARAMETERS AND SUBSTRATE TYPE 

Eric Warner and Rob Frit1 

The Green River and its two hatcheries produce several million juvenile salmon every year, primarily 
chinook All of these fish must migrate through the Duwamish estuary, a highly modified and heavily 
industrialized section of the river flowing through the port city of Seattle, Washington. During the 1994 
chinook outmigration from the Green/Duwamish River, beach seining was conducted at nine stations over 
the entire salinity range (10 km) of the estuary. Lengths and weights were collected for over 5,000 
salmonids, primarily chinook and chum, including over 60 coded wire tagged fish. The distribution and 
growth of outmigrating juveniles was tracked as they entered and passed through this degraded estuary. 
Water quality data were gathered concurrently at tidal extremes in order to determine spatial and temporal 
trends in dissolved oxygen,salinity, temperature, pH and turbidity. Water quality information correlated 
with tides and river discharge allowed us to determine the location of the salt water wedge. The degree to 
which the observed fish distribution is influenced by this wedge or by other factors was calculated. The 
information gathered will assist in both locating and designing future restoration sites in the Duwamish 
estuary and elsewhere. 

NONPOINT SOURCE POLLUTION CONTROLS: PACIFIC NORTHWEST EMERGING 
TECHNOLOGIES IN REVIEW 

Joseph B. H. Smith2, John Macpherson3 and John Beal4 

Over the last several years, federal and state environmental regulatory agencies have placed an 
increasing emphasis on stormwater runoff as a major source of surface water pollution. In November 
1990, the Environmental Protection Agency (EPA) published their final regulations concerning stormwater 
discharges from industrial and construction sites. Since that time, the EPA and state and local regulatory 
agencies have developed numerous additional permits, regulations, design standards, and Best Management 
Practices (BMPs) that address a wide range of stormwater management issues. This poster presentation 
will review two of the new technologies (catch basin filters and bio-check booms) developed in the Pacific 
Northwest to meet the demands of the new storm water regulations. 

1 Muckleshoot Indian Tribe, 705 N. 92nd St., Seattle, WA 98103 
2 

Foss Environmental Services Co., 7440 W. Marginal Way S., Seattle, W A 98108 
3 Stormwater Services Corp. 
4 I'm a Pal Foundation, 742 South Southern St., Seattle, WA 98108 
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PARALYTIC SHELLFISH POISONING: TOXIN ACCUMULATION IN THE MARINE FOOD 
WEB, WITH EMPHASIS ON PREDATORY SNAILS 

A.L. Matter1 

The vectors of paralytic shellfish poisoning (PSP) toxin transmission through the marine food web are 
more complex than originally thought. While the classical vector of PSP toxin transmission from 
phytoplankton to humans has been filter-feeding molluscan bivalves, these toxins also accumulate in 
zooplankton, non-bivalve invertebrates, fish, birds and mammals. 

The accumulation of PSP toxins by non-bivalve marine invertebrates is best documented in predatory 
snails, which obtain these.toxins from their filter-feeding prey, such as clams. Many field-collected 
samples of predatory snails, including whelks (Buccinum undatum), moon snails (Euspira heros and 
Polinices lewisii), dogwinkles (Nucella lamellosa) and other marine snails (Oliva viduafulminans and 
Zidona angulata) have exceeded the advisory beach closure level of 80 Jlg saxitoxin equivalent per 100 g 
shellfish tissue. Documented PSP illnesses and/or deaths have resulted from the consumption of 
recreationally harvested marine snails in Massachusetts, Argentina, Canada and Malaysia. 

Species of intertidal marine snails that have tested positive for PSP toxiJll!, and moon snails and 
dogwinkles in particular, are consumed by recreational and subsistence harvesters in the Puget Sound area. 
Washington State Department of Health (DOH) has primary responsibility for monitoring PSP toxin levels 
in shellfish. While PSP toxin levels are determined for many types of shellfish, marine snails are not 
directly monitored. However, when the DOH issues advisory beach closures for shellfish, they now 
include "other marine invertebrates, such as moon snails" (as of spring 1994). Efforts are under way to 
quantify levels of PSP toxins in Puget Sound moon snails. 

1 University of Washington, School of Fisheries, HF-15, Seattle, WA 98195 
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BIVALVE TRANSPLANTS: MANIPULATIVE EXPERIMENTS AND DEPLOYMENT METHODS 

Sandra M. Salazar1 and Michael H. Salazru2 

Transplant studies and in situ bioassays combine the experimental control of laboratory testing and the 
environmental realism of field testing with measurements over space and time. Bivalve populations have 
been used extensively as indicators of exposure by measuring bioaccumulation because they can accumulate 
contaminants at concentrations that are orders of magnitude above those found in surrounding media. 
Bivalves are also well suited to measuring bioeffects when held in cages. Confinement facilitates 
monitoring individuals during a defined exposure period. There is tremendous flexibility in the transplant 
methodology, with various options for cage type, deployment configuration, degree of replication, and 
species used. Many species of bivalves have been used successfully in freshwater and marine systems for 
ecological risk assessments. 

We believe it is important to measure both exposure and response, and in the same test animals, 
because of the link between environment and organism that is necessary to predict effects in ecological risk 
assessments. Bivalves are particularly well suited to the transplant methodology because they are 
sedentary; their hard shells make them easy to collect, handle, cage and measure; and they survive well 
under most environmental conditions. Various deployment configurations and some examples of results are 
presented for San Diego Bay, CA, Harbor Island, WA, Sinclair Inlet, WA, Delaware Bay, DE, Tampa Bay, 
FL, and Sudbury River, MA, where we have successfully transplanted marine and freshwater mussels and 
oysters to evaluate chemical exposure and biological effects. 

EVS Consultants, 2517 Eastlake E., Seattle, W A 
2 National Oceanic & Atmospheric Administration, Bioeffects Branch, 7600 Sand Point Way, Seattle, WA 98115 
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SEAWATER CHALLENGE OF COHO SALMON SMOLTS EXPOSED TO ENDOTHALL 

Dave Serdar and Art Johnson1 

Since 1980, the Washington State Department of Ecology (Ecology) has permitted the use of some 
herbicides containing endothall (chemical name 7-oxabicyclo [2,2,1]heptane-2,3-dicarboxylic acid). While 
endothall has relatively low acute toxicity to a variety of fish species, there are concerns that exposure to 
endothall or its fonnulated products may reduce the ability of salmon smolts to physiologically adapt for 
marine survival. To address these concerns, smolting coho salmon (Oncorhynchus kisutch) were 
challenged with seawater following exposure to endothall. 

Thirty healthy smolts were first exposed to 5 mg/L technical-grade endothall in fresh water for 96 
hours. Fish in a control group were exposed to dechlorinated municipal water (Manchester, W A). Smolts 
were then challenged by seawater for 24 hours (Clam Bay in Puget Sound). Blood plasma sodium was 
measured as an indicator of the smolts' ability to osmoregulate. 

No mortality was observed among the exposed or control smolts. There was essentially no difference 
in plasma sodium concentrations of exposed fish (mean = 171 meq/L) compared to control fish (mean = 
170 meq/L). These concentrations are consistent with nonnal levels in fully smolted coho following a 
24-hour seawater challenge, and are well below the 200 meq/L level where high mortality has been 
observed shortly after transfer to seawater. Analysis of endothall in the exposure tanks showed no 
degradation during the 96-hour exposure period. 

Results of this investigation indicate that coho smolts do not suffer a decreased ability to regulate their 
blood sodium concentrations when exposed to maximum endothall levels recommended for herbicide 
application. We recommend other herbicides be tested if they are used in the vicinity of smolting salmon. 

TECHNIQUES FOR USING MULTIPLE REFERENCE STATIONS IN SEDIMENT BIOASSAY 
EVALUATIONS 

Bruce W. Rummel2 

Regulatory interpretation of sediment bioassays requires comparing results at test stations with those 
obtained at reference stations. Sediment investigations may sample multiple reference stations for a variety 
of reasons, in~luding wide distribution of grain sizes at test stations, use in the investigation of two species 
of test organisms in one class of bioassay (e.g., Rhepoxyius abronius and Ampelisca abdita in the 
amphipod bioassay), and reliability of reference station perfonnance, among others. This presentation 
explores techniques to select, pool or otherwise use data from multiple reference stations for sediment 
bioassay evaluations. Two test cases with three reference data sets are used to illustrate and compare the 
approaches. 

1 Washington Department of Ecology, Washington Department of Ecology Environmental Investigations and 
Laboratory Services Program, Toxics Investigations Section, Olympia, WA 98504-7710 
2 URS Consultants, 1100 Olive Way, Suite 200, Seattle, W A 98101 
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MONITORING PUGET SOUND EELGRASS IN A TRANSPLANT AND ADJACENT BEDS 

Allison Reak1 

Eelgrass (Zostera marina L.) is a nearshore aquatic plant that provides important habitat for many 
marine species, including crabs and juvenile salmon. Along North Beach, near a sewage treatment plant at 
West Point in Seattle, eelgrass forms a series of beds covering about 50 acres. In March 1992, an eelgrass 
transplant was conducted at North Beach, as part of a mitigation effort to restore lost habitat and biological 
function to an area affected by the construction of a temporary barging facility. 

The eelgrass transplant was designed to replace eelgrass beds that were excavated during construction. 
The transplant was also intended to mitigate for potential operational impacts that may have been caused by 
subsequent barging activity. This first large-scale eelgrass transplant attempt in Puget Sound covered 
11,500 ft2 and provided mitigation area for the displaced eelgrass habitat at a greater than 4:1 ratio. 

Turion densities were monitored quarterly along permanent transects in the transplant bed and in 
natural beds both adjacent to the transplant and at a reference site. Using aerial photographs, the areas of 
the transplant and selected adjacent beds were calculated annually. During two years of monitoring, 
eelgrass density and area showed great variability in both the transplant and natural beds. Transplant turion 
densities had increased significantly after one year, but decreased after two years. Transplant area declined 
steadily during the two years. Natural eelgrass beds along North Beach showed similar, but less severe 
trends. Crab bioturbation appeared to exert continual disruptive pressure on the transplant area, but not on 
the natural beds. Other specific causes of eelgrass decline were not apparent. 

VERTICAL DISTRIBUTION OF THE MARINE PHYTOPLANKTON Heterosigma sp. 

P. K. Hershberger, J. E. Rensel, A. L. Matter and F. B. Taub2 

Heterosigma blooms have occurred in Puget Sound as well as coastal waters of Japan, Singapore, New 
Zealand, Spain, Chile, Belgium, Bermuda and Korea. High concentrations of the Raphidophyceae species 
in surface waters have been associated with mortalities of chinook salmon (Onchorhynchus tschawaytscha), 
Atlantic salmon (Salmo salar), rainbow trout (Onchorhynchus mykiss), yellowtail (Seriola quinqueradiata), 
red sea bream (Pagrus major), and sea bass (Dicentratus labrax), at mariculture facilities. Our work is 
focused on determining the environmental conditions that contribute to rapid bloom formations of this 
species. 

Past researchers have suggested that high concentrations of Heterosigma may occur due to increased 
growth rates which occur as a result of elevated nutrient levels and/or diurnal migration of this flagellated 
species. Data from our lab provides evidence for rapid formation of elevated surface concentrations of 
Heterosigma when a distinct halocline is present in the water column. Elevated surface concentrations are 
maintained 24 hours per day until the salinity gradient is removed. The questions being asked include: 1) 
Can salinity gradients in the water column be responsible for sudden blooms of Heterosigma? 2) Is 
anichthyotoxin produced by the cells (via osmotic stress, low nutrients, or low salinity) when the cells are 
at the surface? 3) Are surface concentrations the result of active migration or passive flotation by the 
cells? and 4) How do the cells detect that a halocline is present above them and what actually triggers their 
upward movement? 

Parametrix, Inc., 5808 Lake Washington Boulevard NE, Kirkland, WA 98033 
2 University of Washington, School of Fisheries, HF-15, Seattle, WA 98195 
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PUGET SOUND COOPERATIVE RIVER BASIN TEAM 

The Puget Sound Cooperative River Basin Team (PSCRBT) is an interdisciplinary, interagency team 
providing technical assistance to identify nonpoint pollution sources and impacts to beneficial uses of water 
in the Puget Sound watersheds. The team's primary activity is developing watershed characterizations for 
Watershed Management Committees who are working to develop a Watershed Action Plan for their 
watershed through the process defined in Local Planning and Management of Nonpoint Source Pollution 
(WAC 400-12). 

The Team's poster for the conference includes a map showing the 20-plus watersheds the team has 
worked in since 1987. This includes 16 full watershed characterizations (including geographic information 
system [GIS] databases and maps), five partial watershed characterizations, three watershed ranking reports, 
and five database and map sets for watersheds for which we were not able to provide full characterizations. 
In addition, depending on the availability of space, the poster may include examples of display GIS maps 
produced for individual watersheds, display copies of watershed characterizations, and a fact sheet 
"hand-out" of information about the team and list of the watersheds the team has worked in. 

NEEDED: A PUGET/GEORGIA BASIN FORUM 

Dick Nelson1 

A new regional Puget/Georgia Basin forum for the identification and discussion of long-range growth 
issues is proposed. The forum would focus on forecasted population growth and development and their 
effects on the ecosystems defined by the Puget Sound, the Strait of Georgia and the Strait of Juan de Fuca, 
including surrounding watersheds and airsheds. Forum participants would include representatives of local, 
sub-regional, and state and provincial governments, tribal governments, environmental groups, and 
economic interests from British Columbia and Washington state. The forum would provide a needed 
comprehensive approach to the major growth problems facing the Puget/ Georgia Basin. It would 
complement, not compete with, efforts to manage growth and address environmental impacts currently 
under way on both sides of the international boundary, and between the state and provincial governments. 

1 Institute for Transportation and the Environment, 122 NW 50th, Seattle, WA 98107 
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NISQUALL Y RIVER MANAGEMENT PROGRAM 

Peter Moulton1 

The Nisqually River is unique in Washington state, if not the nation; in having its headwaters in a 
national park and its estuary within a national wildlife refuge. The intervening 78 miles of river flow 
through forested mountainous terrain and rolling farmlands in three counties, past small towns, and through 
the Fort Lewis Military Reservation and Nisqually Indian Reservation, before entering Puget Sound near 
the site of the first European settlement in the region. 

These unique qualities were recognized under Washington's 1972 Shorelands Management Act, which 
declared the Nisqually to be a river of "statewide significance." In 1985 the state Legislature directed the 
Department of Ecology to develop a Nisqually River Management Plan providing for a balanced 
stewardship of the basin's economic, cultural and environmental resources. 

Ecology established the Nisqually River Task Force, comprised of timber, agriculture, and hydropower 
interests, conservation and environmental organizations, private landowners, resource management agencies, 
and the Nisqually Indian Tribe. The key issues the Task Force had to address included public access, flood 
control, fish and wildlife protection and enhancement, public desires to maintain existing rural landscapes 
and economies, and the balancing of private property rights with statewide public interests. 

In 1987, the Legislature adopted the findings of the Task Force, established the Nisqually River 
Management Plan, and created the Nisqually River Council as an interagency body committed to the 
protection and enhancement of the Nisqually River basin through education, advocacy and coordination. 
Funding to implement the objectives of the plan is provided by the Legislature through Ecology. 

The Council represents state and federal resource agencies, local and tribal governments, and public 
utilities. A Citizens Advisory Committee represents citizen interests throughout the basin, expressing their 
opinions and concerns, and assisting in the development of recommended policies for the management plan. 

Washington Department of Ecology, Southwest Regional Office, P.O. Box 47775, Olympia, WA 98504 
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