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Introduction

Since the beginning of Integrated Coastal Zone Management (ICZM) in the
United States in 1972, countries in all parts of the world have tested and/or
evaluated such programs. A good many have gone forward with ICZM in
one form or another, having worked out the special strategies needed for
conservation of their coastal resources. Experience in these countries shows
that such programs can add to the economic and social prosperity of coastal
communities.

In developing countries, sustained fisheries productivity, increased tourism
revenues, sustained mangrove forestry, and protection of lives and property
from sea storms are among the practical benefits of coastal zone planning
and management. An effective ICZM program can also be a major force
for maintaining coastal biodiversity, for resolving conflicting demands over
the use of coastal resources, and for guaranteeing the long term economic
sustainability of the coastal resource base.

Much of the ICZM progress in developing countries is attributable to the
support of the international donor community, assistance funds from
individual countries and grants and loans from international banks and
other agencies. Because the donors have had relatively good payback
interms of program success, we expect them to continue to support ICZM.

This paper serves both to update the reader on global progress in ICZM
and to identify current and future needs.

The ICZM Approach

Globally, we define ICZM as a "system" for resource management in the
critical zone where land and sea interact. It is a comprehensive program
which both manages development and conserves natural resources, and
while so doing, integrates the concerns of relevant economic sectors and
societal interests.

The key is unitary zone management - treating the shorelands and coastal
waters as a single interacting unit.

The special role of ICZM-type programs for developing countries is that
they are centrally supported and apply integrated, area wide, resources
planning and management to the distinct landforms and waters of the coast
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where special knowledge, techniques, andgovernance methodsareessential.

In its planning mode, ICZM for developing countries examines the
consequences of various development actions and proposes necessary
safeguards, constraints, and development alternatives that will guarantee
sustainable development and the sustainable use of coastal natural
resources, at the most productive levels possible.

In its management (or "implementation") mode, ICZM assesses the
environmental and socio-economic impacts of specific development projects
and recommends changes necessary to couserve resources and protect
biodiversity. Developing country ICZM coordinates actions of various
economic sectors to ensure that advances in one sector do not bring reverses
in another; for example, that port development does not unnecessarily
diminish local fisheries or tourism.

Global Status

Many countries have seriously explored the potential of ICZM, many have
implemented coastal management programs, and more than 10 have
initiated full scale integrated nationwide programs, e.g., Sri Lanka,
Ecuador, Oman, Brazil, United States.

Three years ago a roster was created of ICZM initiatives around the world
which had occurred during the previous twenty years. The criteria used to
determine if an ICZM initiative should be included in the roster was

essentially the same as posed by this paper. The 1993 roster identified 140
ICZM initiatives in 55 nations and semi-sovereign states.

In the Oceania Region, various states have been experimenting with ICZM
for many years. Examples include American Samoa, several Australian
states, Micronesia Federation, Guam, New Zealand, and Northern
Marianas. Asian countries that have been involved for nearly two decades
include Bangladesh, Brunei, China, Indonesia, Japan, Maldives, Malaysia,
Philippines, Singapore, Sri Lanka, India, Taiwan, and Thailand.

The few African countries have explored the potential of ICZM include
Ivory Coast, Guinea Bissau, Nigeria, South Africa, and Tunisia. In the
Near East, Egypt, Israel, Oman, Saudi Arabia, Syria, and Turkey have
experimented with various forms of ICZM.

Interested European countries include Spain, Portugal, U.K., Netherlands,
France, Italy, Ireland, Greece, Albania, Bulgaria, and Croatia. In North
America, Canada, United States (and several of its territories), and Mexico
have had experience with ICZM.
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Latin America countries with a history of involvement include Argentina,
Brazil, Columbia, Ecuador, Venezuela, Belize, Costa Rica, El Salvador, and
Honduras. The following Caribbean states have shown interest: British
Virgin Islands, Dominica, Trinidad & Tobago, St. Kitts-Nevis, St. Lucia,
Turks and Caicos, and British Virgin Islands.

All these trials have generated an extensive pool of knowledge and a large
literature on ICZM. But so far there has been little meaningful evaluation
of the global experience. But we have come to appreciate the impediments
that we face and the professional work that remains to be done to realize
the promise of ICZM.

Future Directions

There are many unmet needs in the field of ICZM. Below we point out
some of these needs, with the emphasis on information. The rapidly
expanding Held of integrated coastal zone management (ICZM) is suffering
from information overload which is coming from at least two directions.
One loading is from the proliferation of ICZM efforts in all parts of the
world. The second loading Ls from the ever increasing anvount of
information in the many topics directly pertinent to the practice of ICZM.

A Data Base of ICZM Initiatives

A few years ago the proliferation of ICZM initiatives previously described
reached the point that it was impossible to keep track of who was doing
what or where. New ICZM initiatives were not aware of the success and
failures of other programs. The same mistakes were being repeated. There
was very little international dissemination of information on successful
means for resolving coastal issues or the successful application of
management techniques such as impact assessment. A worldwide Data Base
of Integrated CoastalZone Management Efforts can be accessed through the
University of Rhode Island's Coastal Resources Center home page
(http://brooktrout.gso.uri.edu). At the present time 52 ICZM efforts are
profiled in the Data Base. It expected that each ICZM program will make
the appropriate corrections and updating of their own entry.

Information Exchange Networks

By definition ICZM is a multi-sectoral, multi-enivronmental, and multi-
disciplinary practice. One of the major problems in the practice of ICZM
is the broad spectrum of topics as well as the number of topics involved.
Essentially, anything that is affected by coastal waters and/or coastal lands
is pertinent to the practice of ICZM. A project just getting underway
between the University of Massachusetts, Boston, and the NOAA/National
Ocean Service's Center for Coastal Services has identified at least 50 topic
areas which are relevant to ICZM. Each of the topic areas (such as
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sommercial fisheries, coastal erosion, coral systems, impact assessment, land
use law, GIS, public participation) hasat leastone international information
exchange network; most topics have many. When fully constructed, the
data base should enable Internet users with access to World Wide Web to

determine the information exchange networks which are most relevant to
the issue or issues confronting an ICZM project or program. The data base
should also have the side benefit of providing better definition to the
practice of ICZM by esttablishing a systematic means of classifying the
component topics.

Information on the progress of this data base and other data bases relevant
to ICZM can be obtained from the home page of NOAA Coastal Services
Center (http://cceh.noaa.gov). NETCoast is another useful home page for
a broad range of opportunities to enhance communications among ICZM
programs. It was developed hy the Netherlands Ministry of Transport,
Public Works, and Water Management (http://wAvw.minvenw.nl).

Teaching Cases

The global proliferation of ICZM has created a demand for individuals who
are knowledgeable about the practice. Invariably in developing nations,
program preparation is constrained by the lack of profassionals who have
education or training in ICZM. A series of teaching cases is needed to
enrich existing training and education programs as well as to serve as a
basis to create new programs.

The case approach to teaching has been demoastrated to be both highly
effective and efficient. Over the last 15 years, the case approach has been
increasingly used to teach environmental planning and management. Use
of the case approach in advanced training is usually more effective than
lectures. While, many specific cases have been reported over the 30 year
history of ICZM, few have been done or adapted for teaching. We believe
that standardization of the cases in a teaching series is merited, starting
with a systematic listing of existing relevant ICZM case studies. A
campaign to build the needed set of cases is just hegining.

Roadblocks

There is a great need to evaluate ICZM efforts that have had a sufficient
amount of time and resources to produce measurable outcomes. This is
particularly true in developing nations where project or program evaluation
is not a standard practice.

Donor iustitutious are prone to initiate new projects and programs and not
prone to objective evaluation of the project or porgram upon completion.
If an evaluation is conducted it is usually buried in the institution's
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information system and not readily available to those who could benefit
from its findings, conclusions and recommendations.

If we are to substantially improve the state of art in ICZM - as well as
sutainable development in general —evaluations need to be conducted at
arm's length. Neither the individuals involved in .the evaluation not the
institution supporting the evaluation should be connected to the ICZM
program. At the present time there are not arm's length evaluations of
ICZM programs in developing nations. One can glean, however, from both
case studies and program documents, considerable information about the
factors which influence program success and failure.

Review of the literature which assesses environmental planning initiatives
indicates too few successes (as measured by a program achieving most or all
of its objectives) and this is particularly true in developing nations. The
majority of programs are either failures or not to the point in the
implementation stage where achievement can be measured. ICZM
programs appear to he consistent with this general pattern.

A second way to substantially advance the practice of ICZM is to determine
if the success ratio is due to a set of common obstacles. This clearly
appears to be the case. Work to date by the authors has identified 6
obstacles to ICZM which are common in both developed and developing
nations and 11 additional obstacles which beset developing nations. The
identification and analysis of common obstacles permits the assessment of
the optional means to overcome each obstacle. The development of a case
teaching series should assist in the identification and analysis of the common
obstacles as well as the means to overcome them.

Jens Sorensen

Harbor and Coastal Center

University of Massachusetts Boston
100 Morrissey Boulevard
Boston, MA, USA 02125-3393

Ph (617) 287-5578
Fax (617) 287-5599
Email coastctr@umhsky.cc.umb.edu
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Session F5, Part III: Traasboundary Environmental Cooperation: Inland
Marine Waters of British Columbia and Washington State
Session Chair: Andrea Copping, Washington Sea Grant Program

JOINT STRATEGIC PLANNING FOR THE INLAND MARINE
WATERS OF BRITISH COLUMBIA AND WASHINGTON

John Dohrmann, Puget Sound Water Quality Authority and
Glen Okrainetz, British Columbia Ministry of

Environment, Lands and Parks

Lssue

The overlapping nature of the marine resources of British Columbia and
Washingtonand the profusionof governmententitieswith responsibility for
aspects of marine environmental protection in the region point toward the
need for joint strategic planning for the region's resources.

Steering Committee Process

A joint BC/WA Steering Committee was formed to address the issue of
strategic or regional planning for the shared waters. Funding was obtained
from Fisheries and Oceans Canada to hold a workshop between the Puget
Sound Water Quality Authority Boardmemhers and regional planners and
managers in British Columbia working on the Strait of Georgia to discuss
joint strategic planning.

At the time of this writing, the Steering Committee has finalized the
workshop planning process and will conduct this workshop March 28-29th
in White Rock, B.C. The workshop is intended to provide thirty selected
participants with background material on how current environmental
management is being conducted on their opposite side of the border. Case
studies in regional planning from both sides of the border will also be
presented, with an emphasis on "lessons learned." The second portion of
the workshop is being devoted to identifying barriers to joint planning and
ways to overcome them as well as identifying short and long-term actions
that can he taken to work more closely together on joint planning. A report
of the workshop and the next steps for the participants will be available
during the conference.
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Puget Sound Water Quality Authority
P.O. Box 40900
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ARE WE TALKING THE SAME LANGUAGE?:
INCREASING COMMUNICATION ACROSS THE BORDER

Holly Schneider Ross, Puget Sound Water Quality Authority
Dan Steinhorn, U.S. Environmental Protection Agency

Lssue

There is a clear need to manage and preserve the habitat and resources
remaining in the region effectively and efficiently, using limited resources
available in British Columbia and Washington. In order to achieve this
goal, it is imperative thatthere bestrong collaboration between, andamong
U.S. and Canadian government agencies, tribes/First Nations, scientists,
NGO's, and other stakeholder groups.

Process

The Liaison Officers for the Task Force maintain communication between
Task Force and the Council, between the Task Force and the Work Group
Leads, andbetween the Work Group Leads. This involves extensive useof
the internet as well as traditional methods of communication. The Liaison
Officers are also respousible for easuring that the work groups progress on
their activities on both sides of the border. This may involve offering
support to a work group, fostering communication across the border
through conference calls, or helping push grant contracts through agency
processes, as examples.

Outreach to the public andstakeholder groups regarding the importance of
the shared waters is another important piece to realizing action on these
high priority Issues. The Liaison Officers conduct outreach in a variety of
ways: through a dedicated homepage on the internet, through an e-mail
discussion group, through newsletter articles, through development of a
Task Force brochure, through presentations at meetings, through direct
phone calls. Examples of each of these methods will be demonstrated and
suggestioas for further outreach will he sought.

Holly Schneider Ross
Puget Sound Water Quality Authority
P.O. Box 40900

Olympia, WA, USA 98504-0900

Ph (360) 407-6453
Fax (360) 407-7333
Email asrpswqa@wln.com
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Session Gl: Puget Sound Beach Erosion and Restoration
Session Chair: Hugh Shipman, Washington Department of Ecology

LINCOLN PARK SHORELINE EROSION CONTROL PROJECT:
MONITORING FOR IMPACTS ON EELGRASS, BIVALVES, AND

BULL KELP

Liam Antrim, Battelle Marine Sciences Laboratory
Jeff Dillon, U.S. Army Corps of Engineers

Ron Thorn, Battelle Marine Sciences Laboratory

In 1936, a seawall was constructed at Lincoln Park's southwest beach,
Seattle, Washington, to protect the narrow shoreline below a steep hillside.
The seawall protected the nearshore area hut eliminated the sediment source
that replaced erosion loss at the beach. During the next few decades, finer
materials from the beach eroded and produced a beach of coarse and hard
materials (i.e., cobble, boulders, and hard-packed clay). The erosion rate
for the four decades after seawall construction was estimated at 0.1 ft per
year.

Beach erosion has threatened the survival of the seawall at Lincoln Park.

After a severe winter storm in 1981, large portions of the seawall were
undercut and collapsed. Backfill and toe rock were added as temporary
restoration measures, but beach nourishment (i.e., sediment replenishment)
was planned as a more durable measure to protect the seawall and
pedestrian walkway from further degradation. In the fall of 1988 and 1994,
pit run (mixed cobble and sand) was added to the upper intertidal area
above +5 ft MLLW over approximately 670 m of beach. Beach
nourishment was designed to I) change beach topography and protect the
seawall and walkway, 2) provide substrate more suitable for epibenthic
habitat than the hardpan clay that covered much of the intertidal area, 3)
limit direct burial of the biologically rich lower intertidal areas, and 4)
minimize impacts to juvenile salmonids.

In addition to impacts of direct burial on the upper intertidal beach,
changes in substrate distribution resulting from migration of fill material
and modifications to the wave energy at the beach had potential to impact
the biological community at Lincoln Park. The influence of beach
nourishment activities on eelgrass (Zostera marina) is of widespread interest
because of its recognized value as habitat for a variety of biological
resources. Impact assessments of beach nourishment identified eelgrass as
a potential indicator of far-field (i.e., adjacent to the fill area) impacts of
the beach rehabilitation project.
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Bullkelp (Nereocystis leutkeana) and intertidal bivalves areother potential
indicators of far-field impacts. Kelp distribution at Lincoln Park's
southwestbeach appears to have changed dramatically since records taken
early this century. These kelp beds increased in area following the
construction of the seawall at Lincoln Park in 1936. By the mid-1980s, kelp
formed a more-or-less continuous forest between Point Williams and the
southern park boundary. The seawall may have eliminated the source of
sediment materials for the beach, and subsequent shoreline erosion exposed
more subtidal rocky substrate for kelp attachment. However, fine materials
from recent beach nourishment efforts could migrate to the shallow subtidal
zone and affect kelp substrate availability. Bivalves are an important
resource, because Lincoln Park's southwest beach is heavily used by
recreational clam diggers. Intertidal bivalves could be negatively affected
both by direct burial under fill material and subsequent migration of fill
material to lower intertidal levels. Post-nourishment surveys identified
areas where liner portioas of the fill material (i.e., sand) washed out of the
substrate and slumped onto lower portioas of the beach. Some loss of
eelgrass was linked to this slumping of fill materials after beach
nourishment in 1988.

To optimize comparability of data from previous surveys of eelgrass and
bivalve, surveys between 1993 and 1995 used transects established during
baseline surveys of 1985. Bivalves were sampled at standardized stations
(+6, +4, +2, 0, -2 ft mean low low water [MLLW]) by excavating a 0.06
m2area to a depth of 30 cm. Patches of eelgrass were locatedand surveyed
for the following characteristics: patch shape, size (length, width, or
diameter), estimated tidal elevation, shoot (turion) density, substrate
characteristics, and location relative to adjacent 0 ft MLLW markers.
Shoot or turion deasity was estimated within a 0.1 -nr quadrant non
selective^ tossed in a patch one or more times. If a patch had obvious
areas of low and high shoot deasity, shoot deasity counts were made in a
randomly chosen quadrant from the low- and high-density areas. Similar
methods were used to monitor eelgrass traasplant plots created in 1993 and
1994. If individual shoot bundles were discernible, counts of shoot per
transplant bundle were made as an alternative to quadrant counts of shoot
density. The number of shoot bundles that had survived was also estimated
from the 1994 traasplant plot.

In 1995, preliminary observations of bull kelp (N. leutkeana) distribution
offshore from the till area were made from the shore at the extreme of tidal

ebb. The subtidal survey in July 1995 was limited to a single transect
parallel to the shore and through the approximate center of the kelp bed.
This transect was conducted hy two scientists using snorkeling gear,
swimming at the surface and occasionally diving to the bottom to observe
the substrate. Notes were taken on macrophyte species presence,
distribution, and substrate. Shore features were used to identify positions
of sightings. In addition, shore-based observations were made on the kelp
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bed located north of Point Williams, where no beach nourishment has
occurred. Aerial photographs of the nearshore area from 1983 to 1995were
obtained from U.S. Army Corps of Engineers, Seattle District, and
Washington Department of Natural Resources files.

High inter-station variability in clam density and a relatively low sampling
intensity resulted in no statistically detectable change in bivalve density
between surveys in 1985, 1990, and 1993. Bivalves were found at fewer
than 25% of sampling statioas each year. The mean density of dams in the
fill area ranged from 22/m2 (1990) to 47/m2 (1993). The highest bivalve
densities were found at stations at or below +2 ft MLLW. Significant
direct impacts to bivalves from fill placement are unlikely since bivalves
were not abundant in the fill area (+5 ft MLLW and above), and bivalves
could move to the surface if shallow deposits of sediments slumped on top
of them. Species composition was stable; littleneck (Protothaca staminea)
and butter clams (Saxidomas giganteus) were the dominant species.
Recreational clamming is inteasive at the southwest beach. In pleasant
weather, it is common for several groups of people to be digging at the
beach. Evidence of clam digging (e.g., disturbed substrate and shallow pits)
is widespread over the lower intertidal areas of the beach. This activity is
likely to have a more significant impact on infaunal bivalves than beach
nourishment.

Eelgrass distribution studies were limited to the intertidal area down to
approximately -2 ft MLLW. Observations of eelgrass in the subtidal areas
at Lincoln Park have been informal. Natural eelgrass beds at Lincoln Park
are not exteasive. Eelgrass is located primarily in soft sediment found in
lower intertidal and shallow subtidal areas. Eelgrass grows in a variety of
configuratioas: a few large, well-defined and dense patches, numerous small
isolated patches, and broad areas of sparse colonization. In general, the
distribution of intertidal eelgrass at Lincoln Park has remained stable
between 1988 and 1995. Most eelgrass off Lincoln Park's southwest beach
is located on the northern half of the beach, although suitable substrate
occurs in the southern area. It is clear, however, that eelgrass distribution
at Lincoln Park is not static. Patches change in size and shape from year
to year. Newly established areas of eelgrass growth can he relatively large
when first noted in periodic surveys.

Eelgrass showed considerable variability in area coverage between surveys
in 1988, 1993, and 1995. Data from 1993 show dramatically reduced
eelgrass area coverage (nr) from all sections of the beach in comparison
with 1988 data. This loss of eelgrass may have been the result of a severe
storm event(s) preceding the survey hy weeks or months, although no
obvious storm damage was noted during the 1993 survey. By 1995, eelgrass
area coverage had returned to levels closer to those found in 1988.
Nevertheless, a comparison of 1988 and 1995 data show a net loss of
approximately 20% to 40% of intertidal area covered hy eelgrass, excluding
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eelgrass traasplant areas. Eelgrass area coverage was reduced at all
portions of the beach that contained significant eelgrass beds. It is unclear
whether estimated loss of eelgrass area coverage is the result of natural
events or a coasequence of beach nourishment.

Significant areas of subtidal eelgrass were noted on a "snorkel" transect off
the southwest beach in 1995. Because this effort was not designed as a
rigorous survey of the subtidal area, observations were descriptive, not
quantitative. The subtidal area within 100m of the shore forms a relatively
shallow shelf, approximately 5 m deep at MLLW. Typically, the boulders
and cobble of the lower intertidal area extended to about -2 ft MLLW.

Further offshore, the substrate is dominated by sand and shell hash.
Eelgrass was noted over a large portion of the subtidal area surveyed. At
the northern end of the southwest beach (Point Williams), subtidal eelgrass
grew in small, dease patches. Further south, subtidal eelgrasswas broadly
distributed hut very sparse (generally <10 shoots/0.1 m2). No previous
surveys of subtidal substrate or eelgrass distribution at southwest beach
could he found in the literature.

Eelgrass transplanting at Lincoln Park has strong potential to be a
successful habitat enhancement technique. Preferred habitat or site
characteristics for transplanting are areas between 0 to -22 ft MLLW, with
low wave energy, and mixed sand substrate on relatively flat areas.
Eelgrass colonizes new areas rapidly only when it is very near (<1 m) a
healthy patch. An increase in soft substrata will not necessarily result in
increased eelgniss because of the slow colonization rate (on the order of
decades). Therefore, transplanting new and suitable areas can be the best
means of increasing the rate of eelgrass colonization. A slumping of
materials, primarily a movement of finer materials (sand) to lower tidal
elevations was anticipated as a coasequence of beach nourishment. In fact,
such processes were thought to he respoasible for loss of some eelgrass
patches adjacent to the fill area. Although changes in substrate could have
buried some eelgrass, it could also have increased the area of suitable
eelgrass habitat on the lower portioas of the beach. Consequently,
transplanting in these areas can serve to mitigate for eelgrass loss as well as
to enhance habitat for juvenile salmonids. Large areas of suitable
substrate are found on the northern portion of Lincoln Park's southwest
beach.

Experimental-scale eelgrass traasplant plots were created in 1993 and 1994
in a shallow subtidal aresi dominated by bare sand to determine whether
eelgrass traasplanting was a viable tool for habitat enhancement.
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The 1994 plot was planted on a regulargrid, with each bundle of 10 shoots
placed at a 0.5 m interval, to allow better quantification of transplant
success than was possible with the 1993 plot.

Two years after planting, the 1993 eelgrass transplant plot was well
established. After one year, the majority of the transplant bundles were
identified as small patches with diameters of 20 to 60 cm. After two years,
the small patches had fused to form three adjacent beds totaling 18.5 m2 in
area. These transplants could no longer be identified as distinct bundles
and could not be distinguished from natural eelgrass patches. After one
year, the 1994 transplant plot was a clearly definedgrid of eelgrass. Shoot
bundles at the nearshore end of the plot (approximately -1 ft MLLW) had
spread more vigorously than bundles at the deeper end of the plot
(approximately -2.5 ft MLLW). The nearshore bundles were partially
fused, and many could not he identified as individual shoot bundles. At the
deeper end of the plot, shoot bundles were more distinct, with fewer
individual shoots and less fusion of separate bundles. Counts of shoot
number per distinct bundle ranged from 54 shoots at the nearshore end to
22 shoots at the deeper end. Bundles containing 10 shoots each were
originally planted. Approximately 88% of the original transplant bundles
had survived the first year. Failed transplant bundles, or bare patches,
were distributed throughout the transplant plot, with no apparent pattern
to their distribution. Total shoot abundance in the 1994 transplant area
increased approximately three-fold in one year, from 1,210 shoots (total
number ofshoots immediately after planting)to approximately 3,730 shoots.

In July 1995, bull kelp (N. leutkeana) was found sparsely distributed over
approximately200 m of the subtidalarea off the southwest beach. Floating
bulbs were observed from the beach only at maximum tidal ebb
(approximately -2 ft MLLW). The plants were completely submerged at
approximately0 ft MLLW and could not be seen from the shore. On close
inspection, kelp plants appeared healthy, with strong pigmentation, long
blades (up to 3 m), and reproductive patches (sori) on the blades.

Substrate availability could limit the distribution and density of kelp
colonization off the southwest beach at Lincoln Park. In July 1995, the
dominant surficial substrate in the area was sand and shell hash, with
occasional bouldersand cobble protruding through the sand. Kelp holdfasts
were attached to the largersubstrate materials. Aerial photos from the mid
1980s show a continuous kelp bed extending from near Point Williams to
beyond the south park boundary (approximately 800m). A survey in 1989
estimated that kelp beds extended for about 600 m along the southwest
beach. One explanation for recent reduction in kelp
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beds adjacent to the fill area Is the burial of suitable substrate for kelp
attachment and change of the dominant substrate from cobble/boulders to
sand. The distribution of bull kelp in the cove just north of Point Williams
appears to have changed little during the past decade.

Liam Antrim

Battelle Marine Sciences Laboratory
1529 West Sequim Bay Road
Sequim, WA, USA 98382

Ph (360) 681-3655
Fax (360) 681-3681
Email Id_antrim@pnl.gov
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RESTORATION OF WASHINGTON STATE PARK BEACHES

Maurice L. Schwartz, Western Washington University

Introduction

At the turn of the century three coast-artillery forts guarded the entrance
to Puget Sound: Ft. Worden, near Port Towasend, on the northeast corner
of the Olympic Peniasula; Ft. Flagler at the north end of Marrowstone
Island; and Ft. Casey on the west side of Whidhey Island (Figure 1). In all
the intervening years never was a shot fired in anger, and today all three
of these sites are marine-oriented facilities operated by the Washington State
Parks and Recreation Commission for the burgeoning population of the
greater Puget Sound region.

Concurrent with a growth in popularity and use, ongoing beach erosion or
deposition has led to various forms of deterioration at each of the three
park sites. As a result, the Parks and Recreation Commission is faced with
two major concerns: how to best manage the facilities for the enjoyment of
the public and then, if some sort of maintenance is required, how to best
implement that maintenance?

The first of these conceras raises the specter of "abandon or retreat" versus
some form of "maintenance or restoration." In principle, the natural
geomorphic beach processes in operation should not be interfered with.
Weighed against this, however, is the need to provide public access, present
and future, to the beaches and waters of the region. Therefore, at each
beach site the present attributes of aesthetics, access, and infrastructure had
to be balanced off agaiast the way in which the site would evolve if no
action were taken. These decisions are not taken lightly, the possibilities of
abandonment or retreat always being seriously considered as a prelude to
investigating alternative approaches.

Considerable restraints accompany any remedial undertaking. The Parks
and Recreation Commission, as do most government agencies these days,
operates under strict and limited funding controls. Not only is the initial
capital investment of any project carefully scrutinized, the subsequent
annual and/or long-term maintenance costs are of equal concern. Then too,
state and federal fisheries agencies, mandated to protect the marine biota
in these waters, require adequate passage for small fry and limit seaward
encroachment for most projects to mean-higher-high-water (MHHW), which
is +8.5 feet MLLW in most of this region. Finally, stringent review by
other permitting agencies and by concerned citizeas assures input from all
concerned.
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With due consideration given to these environmental and pragmatic
concerns the prospects at each of the parksitesarethoroughly reviewed and
a range of options developed. Only after continual discussion and
reworking are options chosen and decisions made. The whole process is
indeed, and rightly so, a lengthy one. Finalapproval of each of the projects
described in this presentation is still under consideration at the time of this
writing.

Fort Worden

Ft. Worden State Park is visited hy 1.2 million people each year who come
to enjoy the two beaches, scenic trails, campgrounds and hostels, concert
and lecture series, coast-artillery museum, and marine science center. The
Point Wilson beach, facing north onto the Strait of Juan de Fuca, is subject
to the highest wave energy of any of the three sites under discussion here.
With a fetch of 32 miles to the NW and 27 miles to the NNW, waves
approaching the beach from these directions have a significant wave height
of 7 feet with a 6 second period. The bluffs of glacial outwash to the west
of Point Wilson supply sediment to the eastward net shore-drift. There is
a documented recession rate along one high bluff sector of 2.5 inches per
year, with an annual sediment contribution of 4 cubic yards per yard of
shore length. Despite the ample sediment supply severe storms have caused
considerable erosion along the Point Wilson beach over the years. In 1989
three large groias were built into the foreshore to forestall further erosion,
yet an extreme series of northerly storms in December of 1990 lowered the
beach profile and cut a scarp into the hacking dunes. Park personnel
estimate that the front of the dunes have been further eroded at a rate of

4 feet per year since that event.

While the Point Wilson beach as it stands today is a site of rugged and
scenic beauty, Park conceras are that ongoing erosion at recent rates would
jeopardize the dunes and trails within them, beach access, a parking lot and
scenic lookout (the latter being the only accessible area for many people who
can not walk down to the beach), and a Coast Guard lighthouse at the end
of the Point Wilson spit to the east. With all of these facets in mind, the
following options were then put forth for review and consideration: 1. No
action, 2. Dune rejuvenation, 3. Major beach nourishment, 4. Submerged
breakwater, 5. Rock bulkhead and rejuvenate dunes, 6. Modified beach fill.

With due concern for all of the pros and cons of no action, it was
determined that the present infrastructure should he maintained for public
use, within the most environmentally sensitive manner possible. Both the
major beach nourishment project and submerged breakwater were rejected
on the basis of the large financial cost, initial and long-term, and detriment
to the nearshore and intertidal biota. It was also felt that the similar

options of rejuvenating the dunes or a modified beach fill (from MHHW
[+8.5 MLLW] to the top of the dune scarp) would provide initial apparent
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restoration, but would not offer any protection from erosion in subsequent
storm events. The option that is now being pursued through agency and
public review is the rock bulkhead. As presently designed this would
consist of a low rock wall, on a buried base of ballast and filter cloth, at
+ 15 MLLW; with dune restoration in back and beach fill down to +8.5
MLLW in front. Plantings of salal could soften the visual effect.

Considering the special requirements and difficult circumstances that
prevail at the Point Wilson beach, a rock wall or bulkhead, as describe-
above, was deemed to be the most viable alternative.

Fort Flagler

The beach at the Ft. Flagler State Park fronts a low, level campground and
faces on Kilisut Harbor. Net shore-drift is from the south along the east
side of the embayment; and, extrapolating from what is known of the bluffs
of glacial outwash across the bay on Indian Island, erosion rates on
Marrowstone Island south of the park are 3.5 inches of bluff retreat per
year with an annual sediment contribution of approximately .25 cubic yards
per yard of shore length.

Some time in the late 1950s or early 1960s a promontory was constructed
at the south end of the park heath to provide a base for a dock and float.
As would be expected, the promontory caused accretion of the beach in
front of the bluffs immediately to the south and erosion of the park beach
to the north. In 1964 a wooden bulkhead was built to stem the loss, but it
was subsequently wrecked by a storm and rebuilt in 1966. At present the
scarp at the back of the beach is littered with remnants of the wooden
bulkhead and pieces of concrete that had been dumped there as well.

Park concern here is that the beach is littered with the remains of former

defense efforts and that erosion continues to encroach on the campground
area. Options that were put forth for consideration included: 1. No action;
2. Removal of debris and allow natural erosion; 3. Removal of debris and
plan-viewshaping to equilibrium erosional arc; 4. Low, rock bulkhead with
beach nourishment; 5. Artificial beach nourishment; 6. Removal of the
promontory, with some beach clean up and initial nourishment.

In reviewing these optioas it was determined that the loss of campground
acreage, and in particular jeopardizing a septic field that underlay the area,
were unacceptable alternatives; thus ruling out options 1 and 2, taking no
action at all or allowing natural erosion after removal of debris. Option 3,
shaping to a natural plan-view erosional arc of equilibrium (with some
moderate nourishment above +8.5 MLLW) was recommended as being
efficient, but was rejected on the same basis as option 1 and 2. Removal of
the promontory and ancillary modification or entering into a large-scale
nourishment project were deemed much too expensive under the
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circumstances, and permitting nourishment below +8.5 would be a fisheries
concern. Clearing away the debris, constructing a rock bulkhead, and
providing some beach nourishment appears to be the approach that will
finally be implemented. Whether the low bulkhead will followa straight line
from south to north or he curved inland slightly to form a more natural
curvature to refracting waves is still under discussion.

Fort Casey

The Keystone ferry terminal is located in a small harbor at Ft. Casey.
Within the harbor entrance there are two concrete boat- ramps for
launching trailered craft, and the ramps are used frequently through most
of the year. However, sand and gravel transported past a short timber-pile
breakwater on the beach along the side of the harbor accumulate at the
lower end of the ramps, causing ongoing maintenance problems. Periodic
dredging of the ferry channel does not have any significant effect upon net
shore-drift along the shore.

Some of the alternatives that were put forth for coasideration were: 1. No
action; 2. Relocate the ramps; 3. Extend the existing timber-pile
breakwater; 4. Construct a rock or floating breakwater outside the harbor
entrance; 5. Cut back (dredge) the shore outside the harbor; 6. Build a
baffle-type wall of wood posts and plastic panels along the outer side of the
two ramps; 7. Construct raised or elevated ramps. Aside from budgetary
limitations, there were also the joint requirements of fish passage and
avoidance of interfering with ferry operations.

Continued removal of the accumulating sediment was not considered an
option by Parks. As for relocating the ramps, there was no other safe place
for launching within the small harbor nor another harbor in the nearby
vicinity. Extending the existing timher-pile breakwater or building a new
rock or floating breakwater were all rejected by the ferry authority as
endangering ferry access to the terminal, and the latter two breakwaters
were too expeasive for the Park. It was also felt that further dredging near
the shore would oversteepen the bottom slope in that area. The design for
a small wood/plastic baffle wall along the outer side of the ramps appeared
viable, yet questioas were raised as to sediment passing and fish restricted,
just the opposite of the desired objectives. In the final analysis, the concept
of a raised or elevated boat ramp design has been selected for further
coasideration and likely implementation. A
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prototype at the central Puget Sound town of Silverdale seems to be meeting
with considerable success, facilitating passage of both sediment and small
fish.

Conclusion

In each of the three cases outlined here the Washington State Park and
Recreation Commission had to make pragmatic and decisive decisions in the
face of a multitude of conflicting interests and limitations. Restoration of
each site, as described, was deemed to he the best alternative for the public
at large.

Maurice L. Schwartz

Western Washington University
Department of Geology
Bellingham, WA, USA 98225-9080

Ph (360) 650-3586
Fax (360) 650-7302
Email geology@heason.cc.wwu.edu
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BEACH NOURISHMENT AT

BAY VIEW STATE PARK, WASHINGTON

Jim Johannessen, Coastal Geologic Services

Beach processes were determined and management options developed for a
183-m-long artificial beach at Bay ViewState Park, Washington. The park
is adjacent to Padilla Bay National Estuarine Research Reserve, who funded
the initial study to determine potential effects on eelgrass (Zostera marina)
and mud flat resources of the Preserve. The beach was created in 1969
through construction of two rip-rap terminal groins, dredging of nearby
mud flat sediment and hydraulic fill of a supra-tidal platform, which was
capped with imported sand and gravel. Results include beach profile (cross-
section) data, sediment characterization, net shore-drift (long-term result of
littoral drift) determination, analysis of erosion and deposition patterns, and
initiation of a monitoring program. Remaining nourishment was quantified
and a sediment budget was estimated to assess the fate of beach
nourishment sediment to date. Slightly more than half of the total known
beach nourishment sediment remained at the main park beach in 1993.
Most of the nourishment sediment removed from the main park beach was
deposited in accretional beaches adjacent to the northern and southern park
revetments, or in intertidal bars. It appears that a minimal amount of
nourishment sediment was traasported to the mud flat, with the exception
of an undetermined amount deposited in the dredged depression waterward
of the park beach. Incomplete baseline data hampered some aspects of
sediment budget. Beach sand and gravel was reduced to a minimum vertical
thickness of only 0.3 m by February 1996, nearly exposing underlying mud
fill. If mud is exposed, beach erosion rates would increase greatly. Planned
renourishment is recommended to preserve the main park beach at minimal
expense with minimal disturbance of ecological communities. Specific
management recommendations are included.

Park History

Bay View State Park coasists of 25.2 a today, including mud flat that is
bounded hy the much larger Padilla Bay National Estuarine Research
Reserve. The park has 407 m of shore along Padilla Bay exposed to low to
moderate wave energy (Figure I). An estimated 262,000total visitations in
occurred in 1990, consisting primarily of daytime beach visits. The 183-m-
long beach area at Bay View State Park is artificial; it was created in 1969
of mud flat deposits dredged from the area directly waterward of the beach.
Mud flat sediments were placed at the present rectangular area west of Bay
View-Edison Road by hydraulic fill, which began by March 1969. Project
specifications called for 50,000 m1 of dredged mud flat sediment to be
placed in a 72 by 183 m area, to bring the elevation up to +10 ft NGVD (O
ft NGVD corresponds to 4.55 ft MLLW here). During construction of the
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roadway bridge and access road tothebeach anadditional 6,100 nr of bluff
material was placed as a base for the present beach parking area
(Johannessen, 1993a).

Hydraulic dredging of the mud flat formed a depression or dredge hole
immediately west of the park approximately 150 by 245 m in size. The
majority of the hole was dredged 1.8 m, while the remainder of the hole
was dredged 0.9 m below the mud Hat surface. Following hydraulic fill,
pit-run sand was hauled to the site to finish the construction of a
"recreational beach". The initial project design called for 2,750 m* of sand
to be placed as a cap over the mud flat deposits and along the 183 m of
newly-coastructed shoreline to make a beach at a 5:1 slope.

Rip rap revetments (0.6 m thick light, loose rip rap at a 4:1 slope) were
placed around the till area in an effort to protect it from wave erosion. As
a base beneath the rip rap, quarry spalls (0.15 m thick; 4 inch-minus) were
to be placed atop fill material. A further "rip rap improvement" drawing
was prepared hy August 24, 1970,calling for a 23 m-long-terminal groin at
both the northern and southern ends of the beach. Design drawings called
for each groin to be constructed of 46 nr of heavy, loose rip rap to an
elevation of +14 to 15 ft NGVD for the center of the groin with sides of
decreasing elevation at a 1.5:1 slope.

Beach Erosion and Beach Nourishment

Historical shoreline change of the beach and adjacent areas was examined
through a review of available ground photographs and slides, aerial
photographs, and interviews of State Parks personnel. A recurring pattern
of beach erosion and associated scarping, and subsequent beach
nourishment (also called beach fills) has taken place since the beach was
created. The artificially steep high-tide beach has been eroded along the
entire 183 m of the main park beach, but the most severe erosion repeatedly
occurred near the southern end of the beach. Photogrammetry revealed
that hy April 1971, the southern end of the upper beach was eroded to
create a scarp approximately 20 m landward of the 1969 break in slope,
while the northern end was eroded to create a scarp 15 m landward of the
1969 break in slope. By July 30, 1972, the beach elevation had dropped 1.3
m at a location near the southern end of the beach, prompting
renourishment (Table 1). The pattern of upper beach erosion and scarping
was repeated a numher of times since 1974, hut is not well documented.

State Parks had allocated funding for the same volume of renourishment
sand in the 1989-1991 hiennium, but Washington Fisheries and Wildlife did
not issue a permit until August 1991, after the biennium ended, and
renourishment did not occur). State Parks added 460 mJ (600 cy) of beach
nourishment sediment above MHHW in 1994. This was the maximum
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volume and only placement location that Washington Fisheries and Wildlife
would permit.

The total known nourishment of 6,080 mJ is most likely a low estimate of
the total amount of sand added during the last 27 years. During
preparation of this report the known volume of nourishment sediment
continued to go up as more information was found, literally in the crawl
space of a Parks office. Activities such as placement of "beach fill" were
treated much more casually in the 1970s.

Beach Characteristics

Beach profiles were sampled on March 12, March 28, and May 9, 1993
(Johannessen, 1993a), and resampled on February 26,1996. Natural beach
sediment is characterized hy TR-1 (Figure 2), where the high-tide beach is
composed of cobble, with a lesser amount of sand, extending 16 m from the
bluff toe. The uppermost 2 m of the high-tide beach contains a narrow
band with abundant sand. The vertical thickness of the high-tide beach is
as little as 3 cm, below which Is a wave-cut platform of Everson
glaciomarine drift. Field observations and profile data located the
demarcation between the high tide and low-tide terrace at the 7.2 m
(relative to TBM-7 = 10.0 m elevation). From 16 to 27 m from the bluff
the low-tide terrace consists of silt and sand, with cobbles. Sediment grain
size then decreases waterward to silt and clay.

Profile TR-1 also characterizes natural, pre-1969 beach shape in the study
area. The profile at TR-1 (Figure 3) shows a narrow high-tide beach
meeting the bluff at the location where a herm would otherwise occur.
Beach slope along TR-1 decreases first at the beginning of the low-tide
terrace, then at 50 m from the bluff base, and than finally becomes almost
horizontal at 110 m from the bluff, where the undisturbed mud flat begins.
The beach profile at TR-2 is transferred waterward approximately 15 m
relative to TR-1 due to the accretion of "north beach."

Profiles TR-3, 4, and 5 sample the main park beach (Figure 3). There is
an abrupt drop from the park platform to the upper beach. A scarp was
present along TR-4 and 5 here in 1993. Renourishment with granules and
coarse sand in September 1994 covered this scarp, however, beachface
erosion continued between 1993 and 1996. The low-tide terrace at the main
park beach is consistently steeper and narrower than at TR-1. The slope
of the low-tide terrace along TR-4 is 3.4 cm/m, while it is only 1.3 cm/m
along TR-1. The main park beach profiles drop off at the beginning of the
dredged area (beyond 100 m along TR-4), essentially where the lower
portion of the profile is "undercut" hy the abrupt break in slope at the edge
of the dredge hole. The beachface along the main park beach contains
mixed sand with pebbles and granules. There is only a minor difference in
grain size between the high and low tide portioasof the beach at TR-3, 4,
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and 5. The high tide beach coarse fraction consists of pebbles instead of
cobbles, while sand is relatively more abundant than silt in the artificial
low-tide terrace. The lower portion of the main park beach is much steeper
than it would be under natural conditions, prohibiting deposition of silt and
clay.

Net shore-drift refers to the long-term, net result of littoral sediment
transport at a particular reach of shore. Geomorphic indicators of
northward net shore-drift (Johannessen 1993b) identified include: a slight
increase in beach width to the north; an erosional scarp near the southern
end of the main park beach as compared to the more stable northern end;
small accumulatioas of beach sediment present on the southern side of the
intermediate groins along the main park beach; and finally, angular
metamorphic rock fragments from revetments in relatively greater quantity
on the northern side of both park revetments, serving as long-term sediment
transport tracers. During northwesterly or northerly wind storms, some
southward shore drift occurs in the park area, hut is overshadowed by
northward shore drift, driven hy predominant winds from the southeast
(Johannessen, 1993a).

Erosion and Accretion Patterns

Erosion of the high-tide unnaturally-shaped beach is caused by a number
of factors. End scour in the vicinity of the terminal groias is caused by
groias reflecting a portion of incoming wave energy onto the adjacent
beach, resulting in enhanced backwash and sediment removal. A shallow
rip current trough was observed immediately waterward of the north groin
on a number of occasions. Two downcoast shoals or bars (termed Bar 1
and Bar 2) composed of medium and coarse sand occur north of the north
groin. These are accretional features formed from sediment derived from
the main park beach that has been transported northward. The north groin
has deteriorated substantially (from 23-15 m in length). A portion of the
original groin rock has been broken into smaller pieces and transported
away and some rip rap Is out of line with the rest of the groin. The south
groin has deteriorated at both ends, but not as severely as the north groin.

An accretional beach has formed adjacent to both cross-shore revetments.
North beach extends 95 m north of the northern revetment (Figure 2). It
coaslsts of a vegetated hackshore area that is fronted by a curved berm.
Backshore sediment is almost 100% sand, of the same sizes that are present
in the main park beach. North beach was formed primarily from the main
park beach sediment that was transported around the northern groin and
deposited in the more protected lee of the revetment. South beach is located
adjacent to the southern revetment and coasiderably smaller than north
beach. South beach was formed by traasport of nourishment sediment
around the southern groin and hy northward net shore-drift.
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Fate of Beach Nourishment Sediment

The volume of nourishment sediment remaining on the main park beach
was estimated by measuring the depth of sandy sediment remaining above
mud. The minimum thickness sampled was 0.6 m near the southern end
of the beach in 1993. Values were as low as 0.3 m in 1996, showing
continued erosion despite the small renourishment. A number of potential
sediment sinks exist for nourishment sand that was transported away from
the main park beach. A sediment budget was estimated (Table 2) from
detailed 1993 field measurements (Johannessen, 1993a).

The total nourishment sediment accounted for in this sediment budget is
somewhat less than the total known nourishment of 6,080 nr, although the
documented total may he low. This estimate is indeed rough and
nourishment sediment not accounted for probably ended up in either the
dredge hole,or perhaps alongshore to the north, beyond the northern study
area boundary.

The general principle of the equilibrium beach profile affects profile
adjustment. When a beach has an artificially steep profile, nourishment
sediment will be redistributed waterward and/or alongshore until the beach
has a (lesser) slope that approaches its natural equilibrium profile (Bruun,
1985). This process is enhanced by the fact that the initial fill materialwas
removed from the nearshore bottom near MLLW, making the entire main
park beach more than 2.5times steeper than adjacent areas. The 1994 dune
placement did not offset the continuing erosion problem.

Medium and coarsesand, that is believedto dominate originalnourishment
sand, isgenerally only found on the high-tide beach. Due to limiting depth,
moderate energy waves only effect the high tide beach. Northward net
shore-drift easily passes around the eroded north groin along the middle
and lower foreshore to deposit sediment in north beach and bar 1 and 2.
A lesser portion of nourishment sediment passes around the southern end
of themain park beach and is deposited primarily on south heach. When
shore drift transports nourishment sediment beyond the ends of the main
park beach, the large majority remaias on the high-tide beach and very
little appears to be deposited on the eelgrass-rich mudllat.
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Recommendations

Planned renourishment is the recommended alternative. Planned
renourishment would preserve the main park beach at minimal expense and
disturbance to ecological communities. A possible option would be the
repair of the two terminal groias to increase nourishment sediment
residence time and reduce the volume needed to maintain the main park
beach. An additional outcome of planned renourishment would be a
gradual increase in the area of north and south beach, with the rate of
increase dependent on the integrity of groias. Additional renourishment is
planned for 1997 or 1998. Specific recommendations include:

Planning: The original park beach configuration was not well-planned.
Minimum future planning should include assessment of renourishment needs
every two years. Renourishment should he carried out when nourishment
sediment on the main park beach reaches a critical low level of 0.4 m depth
(higher than the spring 1996 level of 0.3 m). Budget for renourishment
every six years (loss has averaged 1,000 nr in 6 years) and delay if not
needed.

Placement: Placement of nourishment sand is limited hy the high tide
beach/low tide terrace morphology. "Visible beach placement" and "dune
placement" often perform poorly (Smith and Jackson, 1990).
Renourishment of the entire beach profile would likely last longer but would
probably not be permitted now. Reconfiguring the beach could lesson
beach slope through landward traaslation of the high tide beach.

Deasity: The recent 460 nr renourishment volume amounted to 2.61 m3/m
of beach, or only 9.8 cm thick if spread over the high-tide beach evenly.
This depth would not have caused a significant change in the main park
beach. A larger volume, such as 1,000 m3, would reduce the frequency of
renourishment.

Grain Size: The use of coarse sand to pebbles for renourishment (Terich et
al., 1994) would increase residence time on the beach as compared to
predominantly sand, and would more closely resemble natural sediment.

Timing: Renourishment should he conducted in late spring. This time
precedes the fair weather season and the busy summer season, and would
allow for work during low tides during long daylight hours.

Groias: Repair of the existing terminal groias would he the most important
action besides renourishment itself for preserving the main park beach.
This would increase the residence time of nourishment sediment on the main
park beach. Repairing the 23-j ear-old groins would require realigning
existing rock and possibly bringing in additional, more durable (such as
granite) rock for the waterward ends.
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Vegetation: Remove exotic Scot's broom from main park beach backshore
and replace with American dungarees and other native species to aid in
holding sediment.

Expectations: Assumptions concerning the stability of renourishment
sediment should not be over-optimistic. Storms may remove sediment more
suddenly than in the past through net shore-drift and profile adjustment.

Long-term Monitoring: There is a great need for quantitative data from low
to moderate energy Puget Sound shores (Macdonald et at., 1994): 1)
continue profiling of TR-1, 3, 4, and 5 annually in late spring; 2) repeat
beachface cores to determine depth of sand; 3) monitor terminal groin
stability with photographs; and 4) document nourishment volume and
location, keep samples, photograph placements.
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FigureI. Study Area.

Figure2. Beach Profile locations.
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Table I.

DATE

1969

1975

late 70s

late 70s

early '82
9/94

Known beach nourishment history.
KNOWN BEACH NOURISHMENT
Initial beach fill

"Completed" fill (approx.)
Kngland pit fill (approx.)
"Private" pit fill (approx.)
Pit-run sand

"Buck shot" washed granules and cs. sand
TOTALS

VOLUME (MJ) VOLUME (CY)
2,770

770

385

155

1.540

460

2,600

1,000

500

200

2,000

600

6,080 7,900

Table 2. Estimated sudiment budget.
SEDIMENT LOCATION/SINK VOLUME (MJ) VOLUME (CV)

Main Park Beach

North Beach (.75 x total vol.)
South Beach (.6 x total vol.)
Bar I

Bar 2

Dredge Hole, Mud flat. Out of System
TOTALS

3.290

1,590
420

170

120

? ? ?

5^590

4,400

2,070

540

220

150

???

7J260



PUGET SOUND BEACH REPLENISHMENT

Hugh Shipman, Washington Department of Ecology

Introduction

Beach nourishment is regarded an effective technique for restoring beaches
and protecting shorelines in many parts of the world. Beach nourishment
has been widely used on the coast of southern California (Wiegel, 1994), but
is generally not documented elsewhere on the west coast of the United
States, with the exception of a project at Ediz Hook in Port Angeles,
Washington (Galster and Schwartz, 1990). We have found, however, that
numerous beach nourishment projects have occurred within Puget Sound,
usually in the form of small gravel beaches.

The literature on heach nourishment hits focused on sandy, open-ocean
coasts where most of the large projects have occurred (Davison et al., 1992).
Smaller projects typical of estuarine systems are not well-documented
(Nordstrom, 1992). In addition, there is little North American literature on
gravel beach restoration and nourishment. Work on Puget Sound sites is
confined to conference proceedings, engineering documents, and staff
reports, and for many sites even this level of documentation is absent.

In this paper, we review the heach nourishment projects that have occurred
in Puget Sound. Our intent is to raise awareness of these projects both
inside and outside of our region, as well as to emphasize the similarity of
the issues that affect these projects with beach nourishment projects
described elsewhere.

Physical Setting of Puget Sound

Puget Sound (including the Strait of Juan de Fuca and the Georgia Strait)
includes more than 2,000 miles of shoreline in a geologic region dominated
by glacial sediments and glacially-derived topography. The diverse
assemblage of shoreline types includes bedrock, shore bluffs of eroding
glacial and interglacial sediment, several river deltas, and numerous spits
and harrier beaches (Downing, 1983).

Puget Sound is subject to mixed semi-diurnal tides with a range that
increases from less than three meters near the mouth of the Strait of Juan
de Fuca to almost Ave meters in Olympia at the south end of the Sound.
In most of Puget Sound, fetches are less than 10-20 kilometers
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and waves rarely exceed two meters in height. On the Strait of Juan de
Fuca, fetches are greater and Pacific swell also influences wave conditions.

Beaches are best characterized as mixed sand and gravel, although local
variations include sand, cobble, and exposed erosional platforms. The
convoluted shoreline is broken into hundreds of discrete littoral cells,
ranging from a few teas of meters to teas of kilometers in length (Schwartz
et al., 1989). Beach sediment is generally derived from local bluff erosion,
although streams and rivers also provide beach sediment in some areas.

Shoreline land use, outside of the large ports, is predominantly single-family
residential. Bulkheads are a favored method of erosion protection and are
ubiquitous. Conceras about the cumulative impacts of shoreline armoring
(Shipman and Canning, 1993) have led agencies to scrutinize applications
for hard structures more carefully and to encourage non-structural
solutions, including heach nourishment, for erosion problems.

Beach Replenishment in Puget Sound

We have identified almost thirty sites on Puget Sound where some form of
beach replenishment hasoccurred. Mostof these projectswere built within
the last twenty years, reflecting an increased awareness of local planners
and the public of heach processes and shoreline environmental values.
Interestingly, a large number of these projects were designed by a single
coasultant, Wolf Bauer, who has been a powerful regional advocate of
progressive shoreline management.

The documentation of many of these projects is poor. Records are often
unavailable or incomplete. Completed construction often varies significantly
from the design drawings that typically survive in files. Post project
surveys or monitoring are usually absent. Documentation, including the few
published descriptions, describes the design process but often does not
provide an analysis of project performance.

Summary of Issues

Sponsor

A majority of the projects occur in public parks where planners and
designers wish to enhance recreational use of the heach, restore
environmental conditioas, and where there is greater willingness and
flexibility to experiment with non-traditional shoreline treatments. Private
projects are unusual.
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Project scale

Projects range in size from pocket beaches less than SO m in length to the
cobble nourishment project at Ediz Hook, a spit over 5 km long. A
majority of the projects were less than 200 m in length. Nourishment
volumes range from about 1,000 to many tens of thousands of cubic meters,
with most less than 5,000 cubic meters.

Physical setting

The projects have generally occurred in two geomorphologic settings. The
first common setting is a barrier beach where updrift sediment loss has led
to significant erosion. The second is a heavily modified shoreline
characterized by eroding artificial fill. Few projects occur where erosion
has not been accelerated hy human actioas.

Sediment size

Although several replenishment projects in the areaused sand-size material,
most have involved gravel and pebble (a typical specification might be for
washed, 1/2 inch to 3 inch gravel, although this varies considerably between
projects). Coarser material is used in higherenergy settings or where other
factors require a steep heach profile. Some projects have utilized different
sizes of material in different portions of the project.

Gravel is used for several reasons: most natural Puget Sound beaches
consist of gravel or mixed sand and gravel, appropriately-sizedgravel tends
to move oashore rather than offshore during storms, gravel forms a more
stable beach and less material is lost downdrift, gravel reduces the adverse
water quality impacts associated with placement of sand and finer sediment,
and gravel allows a steeper heach profile to be maintained, reducing
encroachment either upland or waterward.

Profile geometry

The natural elevation of the primary herm and the hackshore on Puget
Sound varies with local tidal range, hut generally lies about 0.5 m above
Mean Higher High Water (MHHW). Successful beach projects occur where
the berm crest is matched well to local conditioas. Problems have occurred
where incorrect datums were used or where the importance of this design
parameter was ignored. Where the crest is built too high, scarping occurs.
Where the crest is too low, the protective value of the beach project is
reduced, since waves frequently wash over the herm.
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Concerns about biological impacts generally restrict the placement of
material to the upper foreshore. This prevents direct impacts to benthic
organisms and aquatic vegetation on the lower beach. It often requires a
much steeper design profile, however, and therefore the use of substantially
coarser gravel than may naturally occur on the site.

Backshore width is important to assure a stable beach, to allow the
accumulation of drift logs and associated vegetation, and to provide a buffer
against the short-tenn erosion associated with storm events, but it is often
limited due to the limited space available between upland improvements and
the more productive lower beach.

The slope of the gravel placement is often determined by the competing
desires of the landowner to maximize utility of the upland and the resource
manager to limit encroachment into intertidal areas. As a result, there is
typically pressure to make the heach quite steep, regardless of physical
constraints. Typical design profiles for the gravel replenishment projects
are between 1:5 and 1:7 (compared to the upper foreshore on natural Puget
Sound beaches which generally vary between 1:6 and 1:11).

Planform

For most sites, the configuration of the shoreline is pre-established and the
volume of nourishment is sufficiently small to have little impact on the
overall geometry of the site. In some cases, existing structures such as
jetties or projecting fills have been used to define one or both ends of the
project. At Seacrest Park in Seattle, small pocket beaches were carved out
of a large industrial fill thai was armored with riprap. The remaining
riprap serves as a series of artificial headlands. In several projects,
requirements for no-net-loss of intertidal habitat have resulted in project
desigas where small coves were created in one area to offset the waterward
placement of beach fill in others.

Secondary structures

Most projects have been built without the use of additional groins or control
structures, although in some cases existing structures were used. In some
cases, structures were not deemed necessary whereas in other cases the
additional cost or regulatory constraints discouraged their use. Shore
perpendicular structures are tightly regulated, result in direct impacts to
lower intertidal areas, and increase concerns about adverse offsite
consequences.

Low rock groins (locally called drift sills) have been added in some cases as
a means of controlling the heach profile and elevation and modifying the
orientation of the beach. These structures are generally designed to be at
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grade, allowing continued movement of sediment, although often they
become exposed with time.

Sediment source

Gravel for these projects is generally obtained from upland sources,
although dredged material has been used in some sites. Barges were used
to transport material in at least two of the larger sites, but in most cases,
material was trucked to the project. On smaller projects, construction is
often carried out by local public works crews.

Monitoring

Systematic or rigorous monitoring Ls rare. Even where monitoring has been
a permit requirement, it is often not carried out effectively. The objective
of monitoring is frequently ambiguous, responsibility for monitoring is
unclear, and enforcement of provisioas is nonexistent. Even if monitoring
were carried out systematically, interpretation of results would be hampered
by the poor understanding of geological and ecological processes on Puget
Sound beaches and in particular, the natural variability (spatial and
temporal) of such processes.

Evaluating the success of beach nourishment projects is difficult, largely
because of disagreement about the relative importance of multiple
objectives. As with nourishment projects elsewhere, even modest changes
to the beach following storms are sometimes interpreted as failures by
regulators or hy the general public.

Renourishment

Renourishment has been carried out at several projects, though rarely as
part of a scheduled replenishment program (the exception might be two
projects for which dredging dictates thetiming andavailability of sediment).
Most projects wereone-time placements, though this may simply reflect the
limited history of many of the sites. In some cases, the need for possible
future nourishment was noted in the design, but additional material has not
been added either because the original project remains healthy or simply
because the proponent has not chosen to propose action.

Ecological coasiderations

As a result of their semi-protected, estuarine nature, Puget Sound beaches
provide habitat for a wide variety of aquatic plants, fish, shellfish, and
benthic microorganisms. Primary producers such as seagrass and algae
concentrate in the lower intertidal and shallow subtidal. Shellfish live as
highas the mid-tidelevel. Several species of fish spawn in sandand gravels
on the uppermost beach. Anadromous fish routinely use the shallow
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nearshore area for migratory passage, feeding, and avoiding larger
predators.

Beach nourishment leads to short-term ecological impacts, such as direct
burial of habitat, increased turbidity and fine sedimentation, and
modifications to beach substrate. Secondary structures such as groins are
particularly problematic. Longer term impacts include changes to local
substrate, stability regime of bottom sediment, and localized topography
and bathymetry that may change the distribution or character of specific
habitats.

Policies and regulatioas

Beach projects are regulated under several authorities, most notably the
state's Hydraulic Project Approval (HPA) process and local Shoreline
Master Programs, developed under the state's Shoreline Management Act
(SMA). The HPA strictly restricts impacts on fish life and may require no
net-loss of intertidal habitat area, prohibit structures below the high water
line, and coastrain the timing and method of coastruction. Shoreline
Master Programs vary between jurisdictions, but greatly restrict beach fills
and shore-perpendicular structures. In some communities, no distinction
is made between fills for creating upland and heach nourishment, and
therefore replenishment is difilcult, if not impossible. In others, beach
nourishment is encouraged through specific language.

Conclusions

We identified almost 30 beach replenishment projects in Puget Sound, most
of which involved the placement of relatively small volumes of gravel to
restore shorelines adversely impacted by chronic erosion. Although they
differ significantly from heach nourishment efforts on sandy, open-ocean
coasts, we found that they share many of the same design issues and
apparently, many of the same regulatory and political issues.

Ironically, while biological and regulatory concerns about shoreline
hardening and maintaining heach processes are driving much of the interest
in these projects, these same conceras may significantly limit the design
options and viability of beach replenishment. We expect that as concerns
about the adverse impacts of hard structures increases and as regulators
learn more about beach processes, beach replenishment may become more
common. We also expect that the current dominant application, in
shoreline parks, will broaden to include more applicatioas on private sites,
most likely in small beach communities where chronic erosion is forcing
coasideration of expensive bulkhead or riprap iastallations.
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Introduction

Environmental managers are becoming increasingly aware that many
serious environmental problems are created by the cumulative nature of
impacts from human development activities, including habitat
fragmentation, climate change, and degradation of water quality through
nonpoint source pollution (Orians, 1995). Such examples of cumulative
environmental change are characterized by broad temporal and spatial
dimensions, often transcending the scales normally used for planning and
policy making. A number of authors have attempted to summarize the wide
array of terms and definitions used to describe cumulative environmental
change (e.g., Spaling and Smit, 1993), while yet others have examined the
methodological shortcomings impeding the assessment of cumulative
environmental change (e.g., Stakhiv, 1988). These individual efforts have
indicated the inadequacies ofconventional environmental impact assessment
approaches, which are generally limited to considering single stresses,
simple cause-effect relationships, and first order impacts, and limited spatial
scopes. Little consideration is given to cumulative effects resulting from
multiple stressors, complex causation, indirect impacts, synergistic
relationships, time lags, and extended spatial boundaries.

While theoretical and conceptual discussioas abound, there has been
relatively little concrete application of the growing body of theory.
Common conceras regarding the lackof cumulative impactassessment have
included complaints or the absence of practical methodologies as well as
limited scientific knowledge about causes and effects. The few attempts at
developing cumulativeassessment methodologies have tended to emphasize
hiotic systems such as wetlands and forests (e.g., Preston and Bedford,
1988), with little consideration of the geomorphic environment that is often
the critical land base for these ecological systems.

One area that has been increasingly identified as being particularly
appropriate for cumulative impact assessment is the coastal zone. For
example, the U.S. Federal Coastal Zone Act Reauthorization Amendments
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of 1990 require the development and adoption of procedures to assess,
consider and control cumulative and secondary impacts of coastal growth
and development, including the collective effect on various individual uses
or activities on coastal resources. In response, NOAA recently published
Methodologies and Mechanisms for Management of Cumulative Coastal
Environmental Impacts (Vestal et al., 1995). In a more regional example,
a 1991 survey of 200 coastal managers in Washington State identified
addressing cumulative and secondary effects of growth as a high priority
issue, with coastal erosion along the Puget Sound being one of the leading
concerns (Canning and Shipman, 1993).

Coastal managers in Washington State are particularly concerned about the
adverse impacts of shoreline armoring on sediment supply and transport
along the Puget Sound, Washington State's inland coast. This region
contains approximately 3000km of coastline, most of which consistsof bluff
shorelines comprised of poorly consolidated glacial sediments (Downing,
1983). These bluffs are the principal source of sediment for Puget Sound
beaches, as well as small accretion landforms (Shipman and Canning, 1993).
Reducing bluff recession rates or restricting net sediment transport through
shore protection leads to sediment starvation, steeper nearshore profiles,
narrower beaches, and increased erosion downdrift (MacDonald et al.,
1994). Many shoreline property owners react to incidents of erosion by
erecting such erosioncontrol structures. This is particularly evident along
the Puget Sound, where the predominant land use is low-density housing
often locatedon top of bluffs protectedby some form of shoreline protection
(usually concrete bulkheads and rip rap) (Shipman and Canning, 1993).

In response to these concerns, the Washington State Legislature passed
Engrossed Senate Bill 6128, which amends the Shoreline Management Act
to require county governments to have erosion management standards in
their Shoreline Management Programs (Canning and Shipman, 1993).
These standards must address both structural (e.g., seawalls) and
nonstructural (e.g., shoreline setbacks) methods of erosion management,
while preference for permitting erosion protection measures is to be given
to those "designed to minimize harm to the shoreline's natural
environment."

In an effort to aid this new approach to coastal erosion management, the
Washington Department of Ecology's Shorelands and Coastal Zone
Management Program initiated a three year (1992-95) Coastal Erosion
Management Strategy (CEMS) (Canning and Shipman, 1993). Part of the
tasks of this study were to beginto characterize shoreline armoring trends,
as well as develop assessment techniques focusing on the cumulative effects
of shoreline armoring on physical and ecological systems. The efforts of the
CEMS have resulted in several volumes of studies outlining general
shoreline armoring effects on physical coastal processes and coastal ecology
(e.g., McDonald et al., 1994; Terich etal., 1994; Thorn etal., 1994), as well
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as the various engineering and alternative approaches to erosion
management (Cox el al., 1994; McCabe and Wellman, 1994).

To date, no comprehensive examination of the cumulative impacts of
shoreline armoring has been completed on specific sites in the Puget Sound
Lowland, while little quantitativedataexiststo demonstratethe relationship
between armoring and its potential consequences. Determining the
relationship between seawall installation patterns, and how these relate to
shoreline characteristics and coastal processes, could aid in understanding
what causes beach erosion at adjacent, unprotected sites. There is an
obvious need for a methodological framework for analyzing the cumulative
environmental change of coastal erosion, as well as a case study application.

Coastal Cumulative Change Typology

Cumulative environmental change and cumulative effects are often used
interchangeably to refer to the phenomenon of temporal and spatial
accumulation of change in environmental systems in an incremental or
interactive manner. Spaling and Smit (1993) note that frameworks of
cumulative environmental change are based on general models of causality
focusing on three components: 1) source of change; 2) process of change;
and 3) the effects. This general model of causality can he further
conceptualized as a stress-respoase framework. Like other stress-respoase
frameworks, conceptual frameworks of cumulative environmental change
focus on the type of stress, the structure and processes of the system being
impacted, and system response. For example, Cocklin et al. (1992)
differentiate between sources of cumulative change (i.e., stress types),
pathways of accumulation (i.e., process), and impact accumulation (i.e.,
system response).

The typological distinctions developed hy various authors (e.g., Peterson et
al., 1987; Sonntag etal., 1987; Cocklin etal. 1992) are helpful in describing
and distinguishing cumulative impacts on coastal geomorphic systems.
Sources of change are typically distinguished on the basis of activity types
(single/multiple), spatial dimensions (site, regional, global), and temporal
dimeasioas (short/long term). Cumulative change processes (i.e., pathways
of accumulation) are similarly distinguished on the basis of types (additive,
aggregative, and indirect) and dimensions (spatial and temporal loading).
Additive processes, resulting from single activities may be either incremental
(i.e., nibbling), where small additinas are made to or deleted from a fixed
large storage, or compounding, where each addition has a larger effect than
the previous unit. Aggregative processes, resulting from multiple activities,
may also be incremental or interactive. Indirect processes result from
stresses that set up chain of events that produce responses delayed in time
or space (i.e., lack of continuity).
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There is a general consensus among researchers that the process of
cumulative environmental change can be further characterized on the basis
of temporal and spatial dimensions. Spatial loading occurs when the space
between stresses is smaller than that required for stress removal or
dispersal. This loading can vary in scale, density, and configuration.
Temporal accumulation occurs when the interval between stresses is less
than the time required for system recovery, and may occur at rates that are
continuous, periodic or irregular, long or short-term. These attributes of
spatial loading and temporal accumulation are highly dependent.

Lastly, cumulative environmental change may be described according to the
type of system response (i.e., accumulativeimpact). Generally, distinctions
are made between linear and nonlinear responses. Linear response is
characterized by incremental additions or deletions from a fixed storage
along a linear cause-effect relationship. For example, the impact of 100
bulkheads may be equal to 100 times the impact of a single bulkhead
(Shipman and Canning, 1993). Nonlinear responses may be either
synergistic, logarithmic, or discontinuous (i.e., threshold response).
Synergistic responses occur when the total effect of an interaction between
two or more processes is greater than the sum of the effects of each
individual process. Logarithmic (i.e., exponential) responses occur when
incremental additions of stress causing larger effects than earlier additions.
Threshold (i.e., discontinuous) responses occur when incremental additions
have no apparent effect until crossing threshold boundaries, leading to
abrupt to catastrophic changes. Such a cumulative change response
includes structural surprises, when the impacts of abrupt, localstresses due
to multiple developments are exaggerated by gradual changes in system
resiliency, causing long-term changes in future stress-respoase.

The type of cumulative change respoase may depend on the type of drift cell
and the location of the stress. For example, there may be threshold levels
of bulkheading below which the impacts are minor, but above which the
impacts are dramatically greater. Thus bulkheading a feeder bluff may
result in the breach of a sandy harrier, though the effects of bulkheading
may take a while to he felt in the downdrift sink. A much different
respoase might be found within a littoral cell where the entire shoreline has
significant potential for contributing sediment. Thus, the elimination of
sediment contributions on one part of the shoreline may be readily
compensated by minute increases in downdrift erosion.

A number of authors have discussed the conceptual challenges of assessing
cumulative environmental change such as spatial and temporal bounding,
system respoase complexities, and threshold issues (e.g., Cocklin et al.,
1992). Similar challenges are evident when trying to describe and analyze
cumulative environmental change in the coastal zone. In terms of spatial
bounding, it is generallyaccepted that cumulative impacts are usually more
evident at a landscape levels. Cocklin et al. (1992) have noted that such
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bounding may be done on the basis of administrative boundaries,
ecological/physical characteristics, human activity patterns, or a
combination thereof. Spatial bounding may be easier in terms of examining
cumulative change of a drift cell, as it is more of a closed system from
source to sink, and geomorphic responses may be expected to be spatially
linear (i.e., evident downdrift). However, spatial variability in upland
characteristics (e.g., slope stability, land use, etc.) may disrupt this linear
response.

Temporal bounding may be more problematic. Much coastal bluff erosion
is the result of large-scale, low-frequency (i.e., episodic events). Thus
cumulative impacts may lie dormant until a big storm hits. Highly episodic
erosion rates are particularly true of the Puget Sound shoreline, where even
rapidly eroding bluffs remain stable for years and even decades prior to a
slope failure, which in turn may provide a large pulse of sediment to help
repair down-drift beach/sink (Shipman and Canning, 1993). Average
recession rates of feeder bluffs are 10 cm/yr., though annual rates may be
much higher during episodic landslide events. Furthermore, complex
cumulative effects may not occur for extended periods of time and at
locations far downdrift (i.e., the sink). The problem of temporal bounding
is further linked to the issue of isolating cause-effect relationships. Erosion
rates of the bluffs, as well as the beaches, depend on primarily four factors:
wave environment, geology, heach characteristics, and human factors such
as development and shore protection (Terich et al., 1994). It may be
difficult to isolate specific human activity effects from natural stresses,
especially when there are multiple stresses affecting the same system
components (e.g., attempting to isolate the effect of bulkheads from storm
activity, as each stress has similar effects).

In order to assess cumulative environmental change on the Puget Sound, it
is obvious that coastal managers need to have a better understanding of
system structure, processes and responses to stresses. As this
understanding is partly hampered by a lack of long-term data, part of the
solution lies in establishing long-term monitoring programs to establish base
line conditions as well as recognize existing stress-response relationships.
The longer the period, the more likely episodic events are captured as well.
In addition, a methodology needs to he developed to distinguish between
different types of cumulative environmental change, and the causes.

Development of a Case Study Application

This case study will develop and apply analytical techniques to measure
possible cumulative impacts by describing and analyzing spatial patterns
and controls of bulkhead construction on Puget Sound Lowland shores.
This case study will provide coastsil managers with background information
about actions and processes that are likely to influence cumulative coastal
impacts. The case study will synthesize a number of cumulative change
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principles and existing theoretical frameworks to develop a methodology
that identifies the pattern of cumulative impacts of seawall installation,
initially differentiating between sequential, clustered, or random patterns.
Attempts will be made to explain the pattern of coastal armoring by
analyzing differences in a variety of relevant drift cell factors, including
direction of nearshore sediment transport, slope stability, vegetative cover,
and property-owner motives.

Three potential study sites have been chosen for applying the analytical
framework developed by this research. The criteria used to choose potential
sites are dependent on two main factors: 1) sites that are complete drift
cells representative of Puget Sound geomorphic conditions and land uses; as
well as 2) availability of the baseline data required to apply the cumulative
impact assessment methodology.

Locations and construction dates or seawalls will be collected on a land
parcel bsisis by accessing a variety of permit records from state and county
permit records. As the quality of this information will differ from county
to county, aerial photographs will be used to augment the permit
information. Use of aerial photographs from several time periods will help
determine the location and approximate installation of bulkheads for years
missing in the permit records.

In addition, on-site survey information will he gathered for esich protected
property along the drift cell, including the type of shore protection used,
andgeneral backshore conditions (e.g., land use, vegetative cover, evidence
of slope failure, etc.) Slope stability information will he augmented using
the Coastal Zone Atlas of Washington and county records, while net-shore
sediment transport information will be obtained from Washington
Department of Ecology (Schwartz et al., 1991). Shoreline property owners
along esich drift cell will also hesurveyed bya mail questionnaire to provide
additional informationregarding the type and years of seawall iastallation,
as well as the primary motivating factors (e.g., experience of
erosion/instability, exteasion of property,aesthetics, pressure by overzealous
contractors or neighbors, etc.).

Dates of installation, as well the direction and distance of protected sites
relative to the first protected site within each drift cell will be analyzed
using a Spearman Rank correlation coefficient. The spatial and temporal
patterns that are revealed are to be classified as sequential, clustered, or
random. It is expected that drift cells showing a sequential, downdrift
pattern of seawall installation (i.e., highcorrelation coefficients) may reflect
a cumulative loss of sediment to downdrift areas due to increased shore
protection. Conversely, random patterns will have very low correlation
coefficients, while clustered patterns are expected to have moderate
coefficient values. Both sequential and non-sequential patterns will be
analyzed relative to the on-site survey information, including general
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backshore characteristics, and various property-owner motives. The on-site
survey information will also be statistically analyzed in order to determine
similarities or differences in property characteristics and response patterns
between property owners as well as study sites.
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ACOUSTIC THERMOMETRY OF OCEAN CLIMATE:
A CASE STUDY IN THE EFFECT

OF POLITICAL PRESSURES ON SCIENCE

Forsyth P. Kineon, University of Washington

One of the more controversial issues in the environmental community
involves anthropogenic sound in the ocean. Sources of anthropogenic sound
include: sonar, vessel traffic, seismic exploration, pile driving, military
experiments and non-military experiments such as acoustic tomography.
Sounds produced by these sources are controversial because there are little
data to determine impacts to marine organisms. Regardless of this meager
data base, research is hindered by a lack of funding, the general difficulty
of studying marine organisms, and the restrictive nature of some United
States legislation (e.g. ESA and MMPA). Some sources of anthropogenic
sound are restricted by statute. The dearth of data, coupled with the lack
of an avenue to obtain further information, and regulatory inequity,
exemplify the contradictory policies surrounding man-made sources of
sound.

Anthropogenic sound in the marine environment has come into the public
arena due to a heightened awareness of marine activities and their effects.
In 1990, a feasibility test designed to determine whether sound signals could
be detected over great distances was announced. This experiment, referred
to as the Heard Island Feasibility Test (HIFT), occurred off a remote island
in the southern ocean. Some marine mammal experts and special interests,
including Greenpesice, raised objections to this experiment where sound
would be projected loudly enough presumably to be heard half way around
the world. However, since the experiment was taking place a great distance
from the United States and the newspapers did not carry the story until the
experiment was in progress, there was little public comment on the Heard
Island experiment.

A more recent focus of attention on anthropogenic sound involves the
Acoustic Thermometry of Ocesin Climate (ATOC) experiment, conceived by
the same group of principal investigators involved in the Heard Island
study. ATOC is a two-year test aimed at establishing the feasibility of
measuring temperature change in the oceaas to verify current climate
change models. Because the signal must travel through thousands of
kilometers of ocean to meet the design criteria of the experiment of
accounting for local variations in temperature, it was essential that the
sound produced be loud enough to serve this requirement. The intensity of
the sound, the project description, and the proximity of the California and
Hawaii locations to formally designated marine sanctuaries, have caused the
present controversy that surrounds not only the validity of the experiment,
hut also the potential harm to marine fauna.
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Beneath the principle of ATOC lies the relatively newly introduced science
ofacoustic tomography (AT), in which low-frequency sound waves projected
over long distances are used to measure variations in the physical properties
of the oceans. ATOC will use AT as a powerful tool for studying global
climate change. Although such research offers the prospect of better
understanding this critical environmental issue, AT has raised a new set of
concerns about the effect of human-generated sound on marine animals.
Environmentalists have challenged proposed AT experiments, arguing that
they pose a threat to whales and other marine mammals. AT researchers
have responded that there is no evidence that AT is harmful, and that there
are many other natural and human sources of high-energy, low-frequency
sound in the marine environment that have not aroused such concerns.

Government agencies that are respoasible for approving permits to conduct
AT experiments are hampered by a desirth of data concerning the effects of
such sound on marine animals. Finally, all parties to the controversy are
hindered by the hick of a coherent policy framework for evaluating the
environmental impacts of AT research. The current case-by-case approach
to permitting AT experiments has produced continual challenges in which
the same issues are raised, but left unresolved. A growing public discontent
has lead to criticism beginning to spread to all forms of anthropogenic
sound in the ocean. As controversy increases, the need to create a coherent
and equitable policy surrounding anthropogenic ocean sound becomes
evident.

The impetus behind this study is the author's experience compiling the
Environmental Assessment for HIFT, and participating as a marine
mammal observer on the experiment. The politics, misunderstandings of
the science, and controversial scientific hypotheses involved with both HIFT,
and later inteasified through ATOC, prompted my desire to facilitate a
more fundstmental understanding and structured set of policies in which to
explore the ocesin realm by means of sound.

This paper seeks to define the controversy surrounding the ATOC
experiment as an example of human-generated sound in the ocean and stake
holder interactions. This case analysis is instructive because the ATOC
study provides an example of the effects of public controversy on a scientific
experiment. The first chapter lays the context hy describing
human-generated sound in the ocesin, reviewing the history of sound
research in the marine environment, reviewing research results on the
effects of sound on marine animals, providing an overview of the applicable
environmental laws, and describing the case study, ATOC. The second
chapter discusses ramifications of the controversy that surround the study
by briefly describing the precursor, Heard Island, addressing why ATOC
is so controversial, and the harm this experiment has caused to the
individuals involved and society as a whole. Chapter Three examines the
causal factors that led to the emerging controversies. Chapter Four consists
of a policy analysis focused on decisions made surrounding ATOC, includes
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alternative solutions, and through criteria, suggests the best plan to follow.
Recommendations for avoiding future conflicts will be presented in Chapter
Four. This final chapter will advance analysis of contrasting options
through specified criteria.

Many are concerned about the health of the ocean and want to learn more
about how it functions. Subsequently, there are many stakeholders in the
ATOC experiment. Scientists have interests via their discipline. Physical
oceanographers are concerned with how sound travels through the oceans.
Behaviorists who study marine mammals are interested in what type of
response or potential physical damage theseprojections of sound will create.
Fishery biologists and fishermen are interested in the effects of
anthropogenic sound on fish. Climatologists are concerned with the
question of globalwarming and what can be learned from sound regarding
global warming. The environmental groups want the ocean and its flora
and fauna to be preserved for future generations, and are proponents of
responsible management of the resources towards that end. Government
agencies want already iastituted laws to be followed. Finally there is the
Strategic Environmental Research Defense Program (SERDP) that funds
ATOC. SERDP is a program established by Congress that mandates the
Department of Defense to spend money onenvironmentally relevant issues.3
Global warming is one of the main interests of SERDP, which administers
Department of Defense funds through the Advanced Research Projects
Agency.

Conclusions reached through this analysis were derived from current
literature, and interviews with many professionals in the marine mammal
research realm, environmental organizations, physical oceanographers,
acousticians, policy specialists, and sicademiciaas. I hope that the broader
perspective implicit in this thesis will be considered with necessary future
policy surrounding all anthropogenic sound in the ocean. With over fifty
years of research and an enhanced elTort to understand ocean noise in the
past five years4, it is time to lay the foundations for such a policy.

3 Dan Costa, California ATOC Marine Mammal Research Program leader,
e-mail message, March 1994
4Bob Gisiner, Office of Navel Research, Arlington, VA, personal
communication, May, 1995
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THE SAANICH INLET STUDY:

SCIENCE BASED DECISION-MAKING
MEETS THE PUBLIC

Robert C.H. Wilson,
Department of Fisheries and Oceans, B.C. and
Laurie MacBride, Georgia Strait Alliance, B.C.

Why Was the Saanich Inlet Study Done?

Saanich Inlet is a 28 km long, glacially-formed fjord on the southeast coast
of Vancouver Island (Figure 1). Likemanyinletsin BritishColumbia(BC),
it has a relatively shallow (-75 m) sill at the mouth partially closing off a
deeper (~225 m) central basin. Theabsence of a significant river near the
head of the Inlet leads to weak estuarine circulation, and much of the water
below the sill depth is naturally anoxic. Despite being close to the city of
Victoria, large parts of the shoreline are undeveloped, allowing area
residents and tourists to appreciate the natural beautyand "wilderness" feel
of the Inlet.

The population ofsoutheast Vancouver Island isgrowing annually at about
2%. In 1993 the Cowichan Valley Regional District (CVRD) sought to
amend local zoning to allow development of a new town of up to 12,500
people at Bamberton (site ofa disused cement plant adjacent to the Inlet).
The proposal was controversial, and when it was referred to the province,
the Minister of Municipal Affairs required three things before the
development could proceed: an environmental review of the proposal under
BC's new Environmental Assessment legislation; a comprehensive
examination of the environmental seasitivity of Saanich Inlet to
development; and significant progress on a regional growth management
strategy. The latter two were undertaken to provide baseline information
for the Bamberton environmental review process (and by extension, for
other future land-use decisions around the Inlet). SIS will be completed by
late spring of 1996, while the other two processes are still underway.

The Saanich InletStudy (SIS) was announced in July 1994 and carried out
over the next two years. It did not address the town-site proposal directly.
Instead, it took a broader view, asking the question: What is the capacity
of the Inlet to assimilate contaminants and marine habitat disturbances
from urban and rural development without environmental degradation?
Yet throughout the study, the Bsunberton issue wsis clearly one of the main
driving forces for many of the participants.
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Involving the Community - A Multi-Stakeholder Process

Responsibility for SIS was assigned to the BC Ministry of Environment,
Lands and Parks (MELP), which established a process of significant public
involvement from the start. An Advisory Committee (AC) was appointed,
made up of approximately 30 members from non-governmental
organizations (including environmental, residents, salmon enhancement and
recreational anglers associations), and representatives from each of the First
Nations communities and local governments around the Inlet. The AC's
job was to provide input and concerns, review and comment on the study's
process and findings, and advise on how best to ensure public involvement.
In addition, wider public input was sought through four open houses,
survey forms distributed at the open houses, and newsletters.

Operating in parallel was the Technical Committee (TC), made up of about
15 scientists from government and universities. The TC's role was to assist
with the study design and coordinate related research and studies. AC
meetings were usually attended by several TC members and there was
considerable exchange between the two committees.

MELP contracted consultants to carry out further studies and write several
reports, including one that synthesized the study findings. All eight reports
were carefully scrutinized by the TC and AC. Although both committees
were purely advisory, MELP was careful to allow an open dialogue and
worked hard to incorporate their concerns and recommendations into the
various reports. SIS marked the first time in BC that an environmental
study had been carried out in this manner.

An important component of SIS wsis the inclusion of a separate First
Nations consultation in addition to involvement in the AC. A consultant

was hired to work with the six aboriginal communities and to examine
existing archaeological and archival records in order to identify and report
on historical and traditional uses of the Inlet, current conceras and values.

Technical Studies

The TC began with a workshop to review existing knowledge. With its
unusual environmental features, a major federal government oceanographic
institute located on one shore and three universities close by, Saanich Inlet
was already one of the most intensively studied bodies of water on the BC
coast. The TC's next step was to suggest ways in which scientific
knowledge could help aaswcr the question about assimilative capacity and
sensitivity. New technical studies had to he completed within 16 months to
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meet the government's schedule. An overall approach was decided, data
gaps were evaluated, and several studies were set in motion to acquire
missing information:

1. winter surface currents

2. water quality and criteria for the protection of different uses
3. summer surface currents

4. coliform contamination along the shore and offshore
5. potentiallysensitive organisms in the intertidal and subtidal zones

A series of models was developed or adapted to the Inlet:

1. oceanographic box model of water circulation
2. model of nutrient and plankton dynamics
3. sediment transport model
4. ecosystem model of contaminants in sediment and marine life
5. effluent plume model

These models were used to test the sensitivity of the Inlet to altered inputs
of water, nutrients and contaminants.

Decision Making with Confidence?

One of the goals of SIS was to assess assimilative capacity. MELP defined
assimilative capacity in terms that included dilution, inactivation processes,
metabolism and breakdown. The two committees broadened this definition
to reflect an ecosystem approach focused on water and sediment
contaminants, nutrient enrichment, sensitive biota, critical habitat, public
values, and First Nations values. The committees also advised that
terrestrial impacts throughout the watershed required consideration in this
approach.

Despite there being only one licensed point source discharge to the whole
Inlet (a private sewage treatment system of under 105 m,d"1), the TC
quickly established that assimilative capacity had already been exceeded in
several ways. Agricultural practices and faulty septic systems had
contaminated nearshore water, leading to closure of 12 out of 15 of the
inlet's shellfish harvesting areas. Concentrations of some contaminants in
sediment in embayments exceeded environmental quality objectives. The
extent of eelgrass beds in the subtidal zone had declined compared to
historical distribution, and the abundance of several species of fish had
decreased. The TC concluded that some of these changes had local causes
while others were linked to events outside Saanich Inlet.

The hydrodynamic box model was the foundation for both a contaminants
model and a nutrient and plankton dynsimics model. A box model was
chosen to simulatewater circulation partlybecause it couldbe supported by
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existing data and partly because it could be developed within the project
budget. In retrospect a three dimensional model would have been better,
because the assumption of classical estuarine circulation built into the box
model was not supported by one-third of the available data sets.

Running the models highlighted other weakness in the data. The main
success was the nutrient and plankton dynamics model, which was seen by
most TC members to be the critical component of the study. The
hypothesisbeingtested with the nutrient model was that additionalnutrient
loading would lead to blooms of macrozooplankton and decreased dissolved
oxygen concentrations in the surface layer. This model demonstrated that
a significant lowering of dissolved oxygen concentrations was not likely to
take place with additional nutrient discharge, and that a model effluent
from a town of 13,000 people discharged 50-70m below the surface was
unlikely to cause eutrophication. Data coverage for the sediment input
functions was weak, however, which increased the margin of error for the
fate of particle-reactive substances in the contaminants ecosystem model.
Another problem lay in development of the models proceeding at the same
time that data gaps were being filled. Some of the new data created
scientific knowledge that could not he incorporated into the models before
the study ended.

In general, while members of the TC were satisfied that assimilative
capacity remained for nutrients discharged at a depth below 50m, the TC
was uasuccessful in quantifying the ranges of probability that various model
outcomes would accurately reflect future conditions.

A Questioning Future

Open Houses conducted in the first few months of SIS had been extremely
well-attended and provided si strong indication of public values and
concerns. Citizens value the Inlet highly for its natural beauty, plant and
animal life, recreational opportunities and cultural and spiritual qualities.
The majority of people see the Inlet as threatened and already degraded by
residential development, loss of plant and animal life, loss of fishing
opportunities, and a decresise in water quality evidenced by shellfish
harvesting closures, seepsige from septic systems and red tides. The vast
majority of respondents to the Open House questionnaire called for
protecting the Inlet through park designation, restricting further
development, and improving water quality.

The scientific models used in SIS were developed around conservative or
worst case assumptions, a feature more easily accepted by TC than AC
members. Some AC members had been skeptical about the process from
the beginning because they perceived that local governments would be
unwilling to abide by whatever recommendations came from SIS. When
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lack of certainty in the scientific advice from the TC was added to the mix,
it contributed to growing cynicism within the AC.

In the final stages of the process, AC meetings - previously relatively quiet
affairs - became lively, occasionally even stormy, with members pushing for
stronger conclusions and recommendations that would emphasize that
assimilative capacity had been reached for many criteria and that the Inlet
did not appear to be able to tolerate much additional human stress without
environmental degradation. Several unscheduled meetings were called to
deal with the concerns and to propose revisions to the draft findings and
recommendations.

SIS's chairperson (from MELP) was always encouraging and mindful of
public process. He handled these sessions calmly, stating that he was glad
things were not going so well. "The SIS has from the beginning been about
making tough choices," he said, "and if this were going well right now it
would mean there would be no tough choices to make." As a result of the
discussion, MELP staff went back through all the component SIS reports
to incorporate AC concerns into the conclusions and recommendations
wherever evidence could be found to justify them.

Sewage discharge proved to be the most contentious area. BC public
interest groups feel that they lack a range of effective tools to fight major
development proposals and have tended to usethe sewage issue asa rallying
point for environmental concerns, since any new point-source discharge
requires a permit from the provincial government. Thus the issue of how
to evaluate and describe potential impacts of added sewage effluent on the
Inlet became a lightning rod for AC members worried about future
development and the possibility of Bamberton's approval. An unwritten
moratorium on new point source discharges to Saanich Inlet has been in
place over the past few decades, and some AC members were concerned
that allowing even one more permitted discharge to the Inlet would open a
floodgate ofapplications whose consequent approval would degrade the Inlet
still further.

While AC members were generally willing to buy in to conclusions from the
scientific studies, they iasisted that theconclusions and recommendatioas be
stated in language that did not compromise their ability to fight future
development, including the Bamberton proposal. Some felt that including
any consideration of impacts of anadditional outfall was dangerous in that
developers and the media could distort the findings to say that no harm
would result. Others cautioned that pushing for a ban on new point source
discharges mightbeself-defeating, since virtually allof thecurrent pollution
in the Inlet came from non-pointsources; thus a sewage treatment plant and
outfallmight prove useful Tor remediation. Therefore clear, unambiguous
wording that could not be taken out of context became paramount to the
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AC, which sent the final report's draft conclusions back for a re-write
several times.

Conflict Continues

At the time of writing SIS's outcome is still not clear. The last stages of
the project (final conclusions and recommendations, wrap-up open houses
and AC public response report) are not complete. Nevertheless, in a
general sense, we believe that SIS has met the objective of providing a
science-based examination of assimilative capacity and a toolbox for
analyzing the impacts of future development. In addition, by making a
serious effort to gather and incorporate qualitative data that is difficult to
"measure" in a traditional scientific sense (e.g., native and non-native uses
and values of the Inlet), SIS has succeeded in going well beyond the bounds
of traditional environmental assessment models and has attempted to
grapple with critical issues of public perception and social values - issues
that will plague any public policy maker who relies on objective
environmental assessment to provide justification for a difficult decision.

Meaningful aboriginal participation in processes such as this will remain a
challenge in BC. One of the native leaders involved in the AC described his
people as "reluctant participants" who would he unable to convince
scientistsof the changes they had seen over their many years of living on the
Inlet - that "the bay is dead, the herring are not coming back, the forests
above the Inlet are being logged olT, the fish are gone, the birds that used
to feed on what's there are gone." Having watched the tribes in Saanich
Inlet lose their economic base and cultural traditions, he was skeptical that
he could convince scientists and government officials to write a document
that could not be easily exploited by developers looking for "weak paper."
Yet to a much greater degree than we have seen in any previous public
process, he and other aboriginal leaders were respectfully listened to and
their input was incorporated wherever possible. This was made possible by
several factors: SIS's terms of reference and framework which deliberately
integrated human values sis a key element from the start; the chairperson's
skill and careful attention to fairness and public process; the consistent
presence of aboriginal representatives at AC meetings; and a genuine
openness on the psirt of the members of both committees.

However, from a scientific perspective, there arestill important data gaps
in SIS, and a wider problem remains: modelers are not able to quantify
uncertainty, both in predictions and in the models themselves, and this leads
to their inability to describe their results in a way that is convincing to the
public. Yet incomplete data must be taken as the rule in assessments of this
nature. Any steps that can be taken, therefore, to increase and improve the
dialogue, trust andunderstanding between scientists andthe public can only
help to develop better public policy decision-making processes.
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Given the limited number of publicly accessible tools for protecting coastal
areas from unwanted development, the issue of point source pollution and
approval and siting of outfalls will remain a focus of attention. Any future
development proposal for the lands around Saanich Inlet will have to deal
with this issue, particularly since traditional septic systems, which lack any
monitoring or enforcement requirements, are clearly failing in many coastal
areas. Whether innovative sewage treatment technology will be enough to
win over a public that is feeling squeezed by rapid growth is questionable,
since effective new technology for dealing with human waste might actually
pave the way for increased development by enabling areas unsuitable for
septic fields to be developed.

Overall, SIS has been a worthwhile exercise in seeking resolution of a
difficult public policy issue by drawing on both objective science and the
more subjective realms of social values. While it is still too early to assess
the final outcome of the process and to know how or when policy-makers
might implement any of its recommendations, we believe that SIS has
nevertheless provided enough valuable tools and lessons to make it a model
worthy of consideration in other coastal management conflicts.

Robert C.H. Wilson

Department of Fisheries and Ocesins
PO Box 6000

Sidney, BC, Canada V8L 4B2

Ph (604) 363-6335
Fax (604) 363-6479
Email wilson@ios.bc.ca
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Figure 1: Location of the Saanich Inlet Sludy
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Session G3: NOAA's Multiple Use Balancing Act: Protecting Resources
While Ensuring Public Access in the National Marine Sanctuaries
Session Chair: Helen Golde, NOAA/National Ocean Service

SPECIAL PANEL -

NOAA'S MULTIPLE USE BALANCING ACT:

PROTECTING RESOURCES WHILE ENSURING PUBLIC ACCESS

IN THE NATIONAL MARINE SANCTUARIES

NOAA/National Ocean Service

Introduction

Charles M. Wahle, NOAA/National Ocean Service

A brief summary of the goals, authorities and structure of the National
Marine Sanctuary Program will he presented, highlighting some unique
management challenges posed by NOAA's statutory mandate for facilitating
multiple compatible uses while ensuring long-term resource protection.
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