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INTRODUCTION

This report was prepared to support a parallel effort of nearshore habitat mapping and characterization,
titled Critical Nearshore Habitats, Tala Point to Kala Point, Jefferson County, by Ron Hirschi {1898). A
good amount of the field observations for the two studies were conducted simultaneously by boat or on
foot. Similarly, the focus and conclusions of the two studies were reached cooperatively. Therefore, each
report should be used in conjunction with the other, as the intent was for each of the two elements to
augment each other and provide mapped features that represent the conclusions of the multi-disciplinary
effort.

Accompanying this report are three original USGS 7% minute quadrangles {Port Ludlow, Nordiand, Port
Pownsend South) that contain mapped critical shoreline areas discussed in the text. Portions of these
three maps are reproduced within the report for convenience. Information in the Geology and Coastal
Processes sections were compiled from existing published reports and maps as referenced, along with
observations made while visiting the entire shore of the study area in the winter of 1998-99 and earlier.
The study area for the project ran from Tala Point (east of Port Ludiow Bay) in the south end to Kala Point
(in Port Townsend Bay) in the north.

GEOLOGY

Bedrock Geology: Bedrock along the shore of the study area is mapped as several different units that
were originally deposited during the Cretaceous Period. Exposed bedrock in the southern portion of the
study area is part of the Crescent Formation, consisting primarily of Eocene basalt (Whetten, et al., 1988,
Department of Ecology, 1978). Crescent Formation rocks are exposed along the northern, eastern and
southeastern flanks of the Olympic Mountains (Tabor and Cady, 1978). Basalt outcrops in southern Port
Ludlow Bay and east of Mats Mats Bay extending up to Olele Point. Basalt appears black or near black
with reddish portions near the top of flows where oxidation has occurred. Basalt was deposited as
massive flows and breccia (Whetten, et al., 1988). Basalt flows are characterized by closely spaced,
random joints, and contain rare pillow lavas {(Tabor and Cady, 1978). Basalt is a crystalline rock and is
very resistant to erosion; erosion of the intertidal basalt has advanced generally less than 20-40 feet in
approximately 4,000 to 5,000 years.

The Oak Bay and southernmost Port Townsend Bay shores contain outcrops of Quimper sandstone. This
unit is gray to olive gray, fine to coarse grained, feldspathic sandstone that weathers yellowish brown
{(Whetten et al. 1988). Quimper sandstone contains minor siltstone beds and spherical to elliptical
calcareous concretions as large as 1 foot in diameter. Quimper sandstone is quite resistant to marine
erosion but sea cliffs have eroded at a considerably higher rate than basalt cliffs.

Unconsolidated Deposits: During the Pleistocene Epoch, the Cordillera Ice Sheet advanced into and
retreated from western Washington at least six times (Easterbrook, 1986). Characteristics of the advance
and retreat of the six known glaciations in the Puget Lowland show a very similar pattern (Easterbrook,
1992), especially during the three youngest glaciations that deposited stratigraphic sequences in the
present study area: the Double Bluff, Possession, and Fraser giaciations. Glacial advances typically
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began by the spreading of an apron of outwash in front of the advancing ice. Advance outwash deposits
were deeply scoured by overriding ice, incorporating pebbles and cobbles that were already rounded into
till which was deposited upon the truncated outwash sediment (Easterbrook, 1992).

The Double Bluff glaciation is the oldest known glacial deposit in the northern Puget Lowland. Evidence of
glacial advance is present in exposures of Double Biuff Drift at its type locality at southwestern Whidbey
Island and in bluffs in the Hood Canal. Double Bluff Drift consists of glaciofluvial gravel, sand and silt, till,
and glaciomarine drift, {(Easterbrook et al., 1967). The Double Bluff glaciomarine drift is dated at 150-200
thousand years ago (ka) (Blunt et al., 1987, Easterbrook, 1992).

Non-glacial fluvial, peat and lacustrine sediment of the Whidbey Formation are also exposed in bluffs
between Port Townsend and the Hood Canal. This formation was deposited during the Whidbey
Interglaciation and overlies Double Bluff Drift. The Possession Drift of the Possession Glaciation was
deposited upon a surface of moderate relief, either on outwash sand and gravel or uncomfortably on the
Whidbey Formation (Easterbrook, 1968). At its type locality on southeastern Whidbey Island, the
Possession Drift consists of compact, sandy till, sand and gravel, and stony clay glaciomarine drift
(Easterbrook et al., 1967). Possession Drift is exposed near Mats Mats.

The most recent glacial advance into the Puget Lowland was the Vashon Stade of the Fraser Glaciation.
This followed the Olympia nonglacial interval during which floodplain and lacustrine silt, clay, and peat
was deposited between 22 to 28 ka in the central Puget Lowland {Hanson and Easterbrook, 1974). In the
early stages of the Vashon Stade (16-18 ka), a thick sequence advance outwash sand and gravel was
deposited by meltwater streams that delivered large quantities of outwash sand and gravel from the
glacier terminus (Easterbrook, 1969). Advance outwash deposits are comprised mostly of pebbly sand
with crossbedding and scour-and-fili features. Glacial ice reached a maximum thickness of approximately
4,000 ft in the study area (Easterbrook, 1969).

The Vashon Stade resulted in the deposition of abundant till over advance outwash deposits. Till is a
relatively high strength deposit, having been glacially compacted by the full thickness of the ice sheet. Till
can stand in very steep bluffs for extended periods of time. Till appears as tan to light gray with pebbles
among a fine grain matrix. Late stage Vashon deposits in the study area include recessional-continental
deposits that include ice-contact deposits and outwash deposits (Pessl et al., 1989). Recessional-
continental deposits contain sand, gravel and silt in meltwater deposits that are generally very low
strength and relatively thin beds. Deposits from the Vashon Stade are preserved in extensive
unconsolidated deposits exposed in the upper parts of coastal bluffs throughout most of the study area.
Bedrock outcrops are commonly overlain by a mantle of glacial deposits of varying thickness.

COASTAL PROCESSES

Beach Sediment: The Puget Lowland is unusual because of the limited amount of sediment supplied to
littoral cells from rivers and streams. The majority of river sediment in the Puget Lowland is deposited in
marshes and deltas accumulating in distal, low-gradient river valleys (Keuler, 1988}. Sediment input from
streams is usually limited by low stream flow and aimost equivalent evapotranspiration rates (Phillips,
1966). Most river sediment that does reach marine waters is transported beyond beaches and deposited
in deltas and deeper water. River sediment that is initially deposited on beaches is generally too fine to
remain on beaches under prevailing wave regimes. Downing (1983) states that 90 percent of river-born
sediment input to the Puget Lowland is oo fine to remain on beaches. In any event, there are no major
rivers and very few streams within the study area. Therefore, a very high percentage of all beach and
nearshore sediment is supplied by erosion of unconsolidated (glacial drift} coastal bluffs.

Exposed biuffs composed of glacial drift in the study area vicinity commonly experience long-term, mean
retreat rates of 1.5-4 in/yr (Keuler, 1988), contributing sediment directly to the littoral system. Glacial
deposits provide a variety of grain sizes. Advance outwash deposits of the Vashon Drift contains
abundant sand. Deposits from interglacial periods contain sand, siit and clay. Coarser sediment grain
sizes, that are common only in glaciated areas, are provided by glacial till and by glaciofluvial gravel. The
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retative amount of gravel within area biuffs is limited however; the large maijority of bluff sediment is silt
and clay in most locations. The beach-forming sediment supply is therefore quite limited, and specific
attention needs to be given maintaining biuff sediment input areas on a local level to maintain the integrity
of beaches and nearshore habitats within the study area.

Net shore-drift: In order to explain the distribution of coastal features and nearshore habitats at particular

“locations along the shore, it is necessary to determine the trends in coastal sediment transport. This also
allows the evolution of particular reaches of coast to be explained. Shore drift is the combined effect of
longshore drift, the sediment transported along a coast in the nearshore waters, and beach drift, the
wave-induced motion of sediment on the beachface in a longitudinal direction. While shore drift may vary
in direction seasonally, net shore-drift is the long-term, net effect of shore drift occurring over a period of
time along a particular coastal sector. Net shore-drift is controlied by the wave climate at a particular
reach of shore

The concept of a drift cell (net shore-drift cell) has been employed in coastal studies to represent a
sediment transport sector from source to deposition area along a coast (the Jefferson County shoreline
Master Program uses the term driftway for drift cell). A drift cell is defined as consisting of three
components: a site (usually an erosional bluff, commonly called a feeder bjuff) that serves as the
sediment source and origin of a drift cell; a fransport zone where wave energy moves drift material
alongshore; and an area of deposition that is the terminus of a drift cell. Deposition of sediment occurs
where the shore orientation changes dramatically or wave energy is no longer sufficient to transport the
sediment in the drift cell.

Drift cells are analogous to watersheds in delineating land into discrete areas that function as an
interconnected unit. Net shore-drift cells are particularly useful for delineating irregular coasts into
separate coastal sectors that exhibit net shore-drift as generally distinct units. Absolute boundaries
between drift cells only occur where an abrupt change occurs in the wave energy acting on a coast, such
as at changes in depth or the orientation of the coastling, or at major obstacles to shore drift. More
commonly, drift cell boundaries (zones of divergence) occur within zones of 500 feet or less.

Net shore-drift cells were mapped in the study area in two different reports. Johannessen (1992) mapped
the area south of central Oak Bay (48° N) and the Hood Canal under contract to the WA Department of
Ecology. The northern portion of the study area, from central Oak Bay to Port Townsend Bay, was
mapped by Keuler (1988) and is available as a published map from the US Geological Survey.

Net shore-drift mapping by Johannessen was conducted to correct the Coastal Drift section of the Coastal
Zone Atlas of Washington (Department of Ecology, 1978). Information on coastal drift presented in the
Atlas has been proven to be incorrect to the extent that the is of no value (Johannessen, 1993). Both the
Johannessen and Keuler studies were conducted through systematic investigations of the coast of the
entire study area to identify geomorphologic and sedimentologic indicators that reveal net shore-drift cells
and drift direction. The methods employed in those studies utilized documented, isolated indicators of net
shore-drift in a systematic fashion. Previous studies that employed similar methods have been conducted
by the U.S. Geological Survey (Hunter et al., 1979) and by researchers at Western Washington Umvers;ty
(Jacobsen and Schwartz, 1981; Chrzastowskn 1882).

Negative Impacts on Net Shore-drift System: Bluff sediment enters the net shore-drift naturally through
wave attack and subsequent erosion and mass wasting (landsliding) of bluffs. Bulkheading of various
types slows erosion and mass wasting of bluffs but results in sediment impoundment, as the primary
sediment source to beaches is cut off. Bulkheading causes increased beach erosion in front of bulkheads
due to increased the increase in reflectivity and hydraulic turbulence, which caused the beachface
become scoured, lowered, and more coarse grained. £End wall effects occur as erosion is often
dramatically accelerated at the ends of structures. Negative physical effects of bulkheading are
summarized in Macdonald et al. (1994) and Canning and Shipman (1994). Disturbances to the net shore-
drift system have been documented on both site specific and larger, cumulative impact scales.
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Negative ecological effects of bulkheading that result from physical impacts listed above are summarized
in Thom et al. (1994). impacts include loss of surf smelt and sand lance spawning habitats, hardshell
clam habitat, increased predation of salmonids, loss of organic debris and shade, and decreased food
supply for intertidal and nearshore-dependent species. Cumulative effects of bulkheading are the greatest
threat to the health of nearshore habitats. As the total length of bulkheaded shoreline increases, poorly
understood threshold effects can lead to loss of productivity.

Critical Shoreline Areas: The parallel biclogical mapping effort completed by Hirschi (1999) identified
several types of critical nearshore habitats, and their spatial location (Figure 1). Habitats identified by
Hirschi include:
+ Eelgrass beds
Surf smelt spawning beach
Sand lance spawning beach
Herring spawning nearshore area
Salt marsh and sait marsh lagoon
Stream mouth with known or suspected use by salmonids

> * * &

These habitats areas have formed because of the dynamic equilibrium between natural biuff sediment
input to the net shore-drift system and the existing wave climate. The presence and maintenance of all of
these habitats, with the usual exception of stream mouths, is completely dependent on continued bluff
sediment input and the lack of disturbance to the net shore-drift system.

Three types of critical shoreline areas were defined in this study as crucial to maintaining the critical
nearshore habitats defined by Hirschi above:

+ Feeder biuff

+ Contributing bluff

+ Accretion shoreform

Critical shoreline areas were mapped in the field between November 1898 and January 18989 in this
study. Supplemental information was obtained from stereoscopic analysis of aerial vertical photos from
the DNR at 1inch=1,000 feet scale. Photo sets from 1997, 1990, 1972, and 1965 were examined for most
areas to ensure that current conditions documented in the field were representative of longer term trends.
A set of detailed aerial oblique photos from July 1994 was aiso examined at DOE headquarters. Several
of these color photos are reproduced in this report.

Feeder bluff is defined as a marine slope at the origin of a net shore-drift cell that commonly experience
erosion and mass wasting {terminology originally used by Wolf Bauer in the 1870's). Feeder bluffs are
typically unvegetated or poorly vegetated, although this is not always true since the resistant nature of
some lower bluffs keeps the frequency of bluff failures low. Feeder bluffs are further defined as providing
the butk of net shore-drift sediment for a drift cell or pair of drift cells originating at a zone of drift
divergence.

Contributing bluff is defined as a marine slope that intermittently experiences a moderate amount of
erosion and mass wasting and that is typically poorly vegetated. Contributing biuffs are secondary, or
lower volume, sources of net shore-drift sediment as compared to a feeder bluff.

Accretion shoreform is defined as a spit, hook, barrier beach, or berm with relatively wide backshore
area that was formed by deposition of net shore-drift sediment over many years. Accretion shoreforms
are often located at the terminus of a net shore-drift cell but may also occur within the transport zone of a
drift cell.

MAPPED CRITICAL SHORELINE AREAS

This section is organized in terms of net shore-drift cells, as defined by Johannessen (1992) and Keuler
(1988). The study area contains eleven drift cells. Due to the fact that the Keuler study did not specifically
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Year's Eve 1996-87. Additionally, very recent toe erosion has occurred along the length of the
contributing bluff area. This is evidenced by the presence of either an undercut lower bank or recent slide
debris (colluvium) covering the upper beach, Colluvium includes slump blocks and loose sediment.
Numerous standing. leaning, and fallen trees are present within the colluvium, that offer shade to the
upper nearshore area (Figure 4). Many portions of the biuff in this reach have a scalloped topography and
young, even aged stands of trees, indicating the extent of historic biuff failures and the lack of bank
stability. The majority of the contributing bluff area was mapped as eroding bluff in the Coastal Zone
Atlas.

The beach in the contributing bluff reach is composed of a mixture of sand and gravel. Large boulders are
also present. Boulders of 4 or more feet in length have fallen to the beach from lodgment till high on the
bluff face. Nearshore sandbars are present in a broad intertidal area that contains sand and silt deposits
between the bars, where eelgrass is found.

Southwest of the contributing bluff area there is groin field that apparently was installed to try to hold the
beach immediately up drift of an old boathouse. The groin field was installed between 1972 and 1990.
The landward retreat of the OHW (Ordinary high water) mark was scaled from aerial photos at the
boathouse. The OHW mark was at the outer edge of the boathouse in 1965, and retreated landward of
the boathouse by approximately 15 feet by 1972, by approximately 25 feet by 1990 and by approximately
30 feet (from the 1965 position) by 1997. Waves now pass landward of the groins.

3. Accretion shoreform-mid drift cell - An approximately 1,100 foot long no bank area with a berm
fronting a salt marsh area and low backshore area is present several hundred feet east of the first dock
along the drift cell (Figure 2). The mouth of the stream/sait marsh outlet has been pushed to the west with
net shore-drift since 1965 before it crosses the berm. There is a very small wooden structure present
across the berm here in an apparent attempt to stabilize the outiet. Some of the accretions in this area
may have been due to the permanent grounding of a ship in the nearshore area. The ship was reportedly
stranded here around the turn of the century near the west end of the accretion shoreform. The ship keel
and timbers have acted as a groin to some extent, and the OHW mark has prograded waterward
approximately 20 to 40 feet between 1965 and 1997, based on scaled aerial photo measurements. This
area was mapped as “accreting beach” in the Coastal Zone Atlas.

Southwest of the mid drift cell accretion shoreform area are many rockery walls and other types of
bulkheads, as well as several docks. The bulkheads reduce the volume of sediment reaching the net
shore-drift system and also increase beach scouring, as described above.

4. Accretion shoreform-drift cell terminus — An extensive barrier beach and salt marsh was present at
the terminus of this drift cell (Figures 2 and 5). The salt marsh was formed by westward progradation of a
spit waterward of a former bay. This type of feature, where a spit forms waterward of a lagoon or salt
marsh, is called a barrier beach. This area was mapped as accreting beach in the Coastal Zone Atlas of
Washington. As pointed out by Hirschi (1999), salt marshes are vital to the integrity of the nearshore food
web in numerous ways. Much of the salt marsh remains today, but a considerable amount of all sides of
the salt marsh except the western portion have been lost {o development. Portions of the landward side of
the barrier beach were filled to make room for houses and an access road. Driveways/roads were filled
across the salt marsh and the eastern end of the marsh was apparently filled. The 1965 aerial photo
shows that the full (?) extent of the salt marsh. Alteration of the beachface or backshore area on this
barrier beach has likely impacted the stability of the beach and/or the inlet that acts as the hydraulic
control for the salt marsh to some extent.

Several groins cross the beachface on the up drift end of the barrier beach (near the two docks), which
caused significant shore offset and likely caused down drift erosion. The barrier beach contains both surf
smelt and sand lance spawning habitats on the upper intertidal (Hirschi 1999). Spawning occurs in sand
and fine gravel, generally between 1 and 3 cm in size. This fine material is able to stay on the beach here
due to both the abundant sediment source (from feeder bluffs and contributing biuffs) and the low to
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Figure 5. South Port Ludlow Bay accretionary shoreform and slat marsh, terminus of drift cell JE-6, DOE
oblique photo from 1994 Note fill over landward side of berm and marsh perimeter.
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