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CHAPTER ONE

INTRODUCTION

The marine coastlines of Whatcom County stretches
northwesterly along the Strait of Georgia from the
Chuckanut and Lummi Island rock belt in the southeast
to the outskirts of the Fraser Delta in the northwest
at Point Roberts. The total coast and islands encom-
pass approximately 134 shoreline miles representative
of three of‘the four major shore types, i. e. beach,
rock, and estaurine, Missing are the non-estuarine

marshy shores,

About half of the shores within the county are beach
types at the foot of high sea cliffs and low marine
terraces, Such recessional bluffs are composed of
stratified and unstratified glacial drift and till with
various ratios of clay, sand, gravel, and boulder con-
tent, Wave action, groundwater and weathering eroding
these bluffs account for the material forming the
accretion shoreforms, which make up about 17% of the
total shoreline. It is noteworthy that this percentage
is about four times as high as the average for all shores
of Puget Sound., However, the amount of intrusion and
alteration of these accretion shores, with their dry,
above-tide berm beaches, has already reached 549 in the

county, and is considerably higher than what has occurred




as an average in the inland sea.

Aside from the

bluff erosion-accretion shore systems that make up

the geo-hydraulic sectors with which this study is

concerned, (68,1% of total) there are also estuarine

accretion shores in the delta lobes of the Lummi

River, as well as the Nooksack, the latter delta being

the only major undisturbed estuary in Puget Sound and

Georgia Strait. The following table of shore types

indicates their extent and relative occurrance within

the county, as well as their degree of alteration.

TABLE 1-SHORE TYPES

SHORE TYPES MILES

ROCKY SHORESooooooooo.oooco 2160

NATURAL BLUFF SHORES.:.000 64,3

*INTRUDED BLUFF SHORES..... 4.0
TOTAL BLUFF SHORES, ..

NATURAL POCKET SHORES.. ... 1.7
NATURAL ACCRETION SHORES.., 10.8

INTRUDED ACCRETION SHORES, 12,4
TOTAL ACCRETION SHORES

NATURAL ESTUARINE SHORES.,. 3.7

INTRUDED ESTUARINE SHORES., 3.3
TOTAL ESTUARINE SHORES

%% INDUSTRIAL SHORES...000000 13,0
IS.D

* Intruded=riprap, groiﬁs, piling, bulkheads, etc,, within fore &

backshore

%% Industrial=docks, bulkhead fills, dikes, RR right-of-way (not roads)

(This type is almost entirely located in Bellingham and Blaine,)

68.3

7,0

PERCENT PERCENT
OF TOTAL OF TYPE

15.6% 100
48,0 94,0
3,0 6.0
51
1.2 100
8.1 46,0
9.3 54,0
17.4
2,7 54,0
2.4 46,0
5,1
9,7
IGOQO
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The Bauer marine beach classification system dis-

- tinguishes among erosional, marginal, and accretional

beaches in terms of upper foreshore or backshore wetting

at mean higher high tide (MHHW) — Class I, II and III
respectively.* Most beaches under sea cliffs are marginal
Class II type, with only a few Class III wet beaches where
the bluff contains little or no gravel to maintain a drift
berm above high tide, Most Class I beaches in the County
are dry berm beaches that are part of major accretion
shoreforms such as points, spits and barrier berms; although
a few narrow backshore berm beaches exist in bluff areas

along shore offsets or indentations,

Those Drift Sectors of Whatcom County which abut the

open waters of the Strait of Georgia are exposed to nearly
100 miles of northwesterly fetch, and thus operate in a
high energy zone. Such conditions require adequate struc-
ture setbacks from the shore-process corridor, whether that
be the top of active feeder bluffs, narrow driftway fore-
shores, or the bermed backshore of accretional shoreforms,
Such setbacks not only preserve the integrity of the drift
sector system, but reduce hazards of untenable locations
where dwellings are subject to recession slides, storm drift-
log battering, or backshore inundation under storm-tide

climax conditions of over 8 feet above high-tide line level.

* See classification system in Appendix C, p-62.
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ACCRETION SHORE STATUS OF WHATCOM COUNTY DRIFT SECTORS

[
TABLE 2 | gf
L.

SECTOR SECTOR ACCRETION BERM BERM PERCENT NATURALY
NUMBER MILEAGE MILFEAGE INTRUDED NATURAL CLASS I - BEACH E
(in miles) :
1 0.3 0,03 0,00 0,03 10%
2 1.0 0.20 0,00 0.20 107,
3 0.7 0.05 0.00 0.05 7%
4 1.7 0,18 0,18 0.00 NONE 1
5 2,8 1.40 0,40 1.00 36% Tg
6 4,5 1.48 0.38 1.10 249, -
7 1.5 0.00 0,00 0,00 NONE :
8 1,2 1.10 1.10 0,00 NONE g
9 2.1 2,10 2.10 0.00 NONE -
10 3.3 2.10 1,30 9,80 247,
11 2.8 0.00 0,00 0.00 NONE ’E
12 2.6 0.39 0,08 0.31 127, i}
13 0.9 0,02 0.02 0.00 NONE
14 2.7 1.89 1.62 0.27 10%
15 2,0 2.00 1.50 0,50 257, é
16 1.1 0.05 0,00 .  0.05 5%
17 1.2 0,00 0,00 0,00 NONE
18 2,5 0,75 0.50 0.25 10%
19 1.1 0,27 0.18 0,09 8%
20 2.3 0.60 0.32 0,28 129,
21 4.0 0,00 0,00 0,00 NONE
22 3,2 0,64 0,00 0,64 20%
23 2,8 1,28 0.00 1,28 467,
24 3,0 1.50 0.00 1.50 507
25 1.9 0.28 0.00 0,28 15%,
26 1.7 0,10 0.00 0.10 6% &
27 1,0 0,30 0.20 0.10 10% g
28 1.8 1,17 0.90 0,27 | 15%
29 1.8 0.00 0.00 0.00 NONE Al
30 0.7 0.38 0.03 035 507
31 0.5 0.30 0.00 0.30 607
32 0.8 0,00 0,00 0,00 NONE 1
33 ba6 2.28 1.59 0,69 15% {
34 2.2 0,40 0.03 0,37 17% L
TOTALS 34 68.3 23,24 12,43 10,81 15,8% [
b
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‘CHAPTER TWO

THE SHORE-PROCESS CORRIDOR

In order to assign proper values, priorities, restric-
tions and opportunities in shoreline and coastal zone
planning and management, it is necessary to identify
the genetic relationships that certain shore reaches
and shoreforms have with each other, and to establish

the limits of their operating shore process systems,

As is the case in all eco-systems, whether biologic or
purely physical — the compoﬁents of that system are inter-
related, interdependent; and balance-seeking, It should
be noted that, depending on the scale of space and time,

such components may also represent systems in themselves,

In coining and using the term "Shore-Process Corridor", it
is my purpose to de-emphasize the lineal and geographic conn~
otation popularly associated with such terms as water-line,
land-water interféce, waterfront, shoreline, etc,, and to
focus instead on the fact that all shorelines actually rep-
reSent dynamic zones of variable width = geo~hydraulic and
bio-process systems that reflect typical inter~dependent en-

vironments, (See Diagram 1, p 6),
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The_Shofe;Process Corridor represents a zone that not

only straddles the extreme surge limits of riverine, es-
tuarine, lacustrine, or marine waters, but which includes

those aquatic and terrestrial outer fringes on each side

that still affect, or are affected by, the prevailing geo-
hydraulic system. In terms of a marine shore, for example,

the central portion of the corridor forms the extreme inter-
tidal zone. The aquatic fringe is the immediate offshore

that receives the geo-hydraulic backlash effects of bottom
wave motion and fine sedimentation around sea-grass and kelp
bed habitat, while the terrestrial fringe of the corridor

may constitute an extensive backshore matsh, or include the

top of a receding sea cliff, Thus the shoreline is in reality
a zonal belt, or energy diffusion zone, within which the geo-
hydraulic mechanisms (erosion, transport or drift, and a
accretion) operate along two directions, namely across and
along the corridor. Under extreme hydraulic conditions of
tidal or flood stage and energy, the central surge zone of the
corridor operates like a fully stretched diffusion membrane
with maximum energy stages transfers across the corridor, while
lesser water and energy stages tend to distribute energy effects
more longitudinally along the shore in both riverine and marine

systems (see Diagram 2, p8).

The extent to which longitudinal geo-hydraulic effects reach
and operate as an integrated system along a marine shore, depends

on the location of barriers to wave and current progression within
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the r,;orridoro 1t should be apparent, therefore, that
the marine Shore-Process Corridor of Puget Sound, as

far as beach shore types are concerned, contains more Or
less independently operating reaches that are fully or
partially separated from adjacent reaches. 1T have named

these independent beach sections “Drift Sectors' ¥

It is a particular purpose of this shore evaluation report

to recognize, define, locate, and analyse these as yet

little understood resource entities in Whatcom County, to

the end that the preservation of their functions and via-
bility assures the conservation of a county resource heri-
tage in the public and private interest, If the Shore-Process
Corridor, as an interdependent geo-hydraulic and bio-process
zone, defines the terrestrial (land) boundary between Tresource
and real estate — then the Drift Sector defines those long-
shore boundaries within which all shore owners must act in

literate concert in relation to the integrated natural system.

% See definition, components, and illustration of Drift Sectors
in Appendix A, p 48.




CHAPTER THREE

DRIFT SECTOR INVENTORY AND EVALUATION

The recognition by Whatcom County government that an in-
ventory and analysis of its beach-shore Drift Sectors
provides a basic and indispensible shoreline planning and
management tool constitutes a significant milestone in

modern coastal zone administration.

In a pioneering study of this type, it should be emphasized
that the determination of Drift Sector boundaries and their
geographic locations represents a preliﬁinary, rather than
final or absolute fixation in view of the lack of longshore
drift-monitoring data, lack of wave-action observations under
various conditions, and the limited time available for a base-

line field study for this purpose.

The assumed Sector boundaries are either absolute or over-
lapping, depending on shore orientation, wave progression or
refraction limits, driftway loading, and the effectiveness of
natural or artificial drift barriers within the foreshore.
Where Sector boundaries are well defined, they are indicated
with solid lines on both photo and map and as broken lines

representing partial leakage or drift overlap.
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Each Drift Sector has been identified with a number
beginning with "1" at the U. S.-Canadian border at
Blaine, and increasing southward along the coast to
Bellingham. Further progression of numerical desig-
nation covers Portage, Lummi, and Eliza Islands, and
terminates with the two sectors of Point Roberts.

There are 34 sectors total.

Rock, including non-drift pocket-beach shores, es-
tuarine and certain industrial shores are not included

in this study. These excluded areas are the Nooksack

River estuary, south:half of Lummi Island, Lummi Aquaculture

sea pond, Chuckanut, and Bellingham and Blaine harbor
areas, An earlier field study of the marine shores of
Whatcom County by Stephen Phillabaum, graduate geology
student at Western Washington State College, included
shoreline maps on a scale of 1" = 630'.* These maps
indicate general typé of material making up the fore-
shore, backshore, and bluffs, as well aé the sampling
stations where material was collected, to determine com-
position as shown in accompanying tables. That study
divided the shoreline into short reaches bounded by
either north-south or éast—west Section Survey lines
intersecting the shore. Each such reach was printed as

ata

* Phillabaum, Stephen D., A Geomorphic Inventory of
Whatcom County Marine Shores, 1973, (Masters Degree
Thesis-Geology), Western Washington State College,
Bellingham, Washington.
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4 separate map on a single page of the report, In
view of the fact that this information already exists
in the County Planning Office, the geographic Drift
Sector identification of the Bauer report has been
cross-referenced to the Phillabaum report by coding
the Sectional reaches of the latter in terms of their
page numbers, and entering them in the geographic des-

cription of the Drift Sector boundaries,

It has also been a special objective of this study to
produce a visual record of the existing shore environ-
ments of the county coastline, and to indicate the Drift
Sector locations thereon., To this end, a series of
successive, low level oblique, aerial color phoﬁos were
taken during an approximate mean-higher-high tide water
level., These photos were converted to 5" X 7" matt color
prints, and hinged together for a more or less complete
documentation of the natural and‘intrusive features of
the various Drift Sectors. This series is on file at the

County Planning Office and is available for public review,

It has been the writer's experience in the use of this
documentary technique that it is important for planners
and citizens to visualize shoreforms and shore-process
evidence within near-normal eye perspective orientation,

rather than through flat photo-map interpretations. (While

12
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the writer developed this resource analysis‘tool origin-
ally for streamway management and evaluation purposes,

it should be helpful for marine shore processes and shore-
line planning as well) It would be my recommendation

that a more exact (constant elevation and angle-of-sight,
for example) and detailed (lower elevation with greater
overlap) sequence series of oblique aerial photos be pro-
duced to serve as a base for monitoring natural and man-
made processes and activity-effects at future time inter-

vals,

13
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Note:

The Drift Sectors of Whatcom County Marine Shores

agement purposes.

Their Shoreforms and Geo-Hydraulic Status

APPENDICES

THE PHYSICAL SHORE SYSTEM

Beach Elements
Drift Sectors

THE DYNAMIC SHORE SYSTEM
Hydraulic Elements

Transport Elements
Geo-Hydraulic Energy

BEACH SHORE CLASSIFICATION SYSTEM

Classes III, II, I
Shoreforms

THE ACCRETION SHORE RESOURCE

Recreational Factors
Bio-Process & Habitat

This text, representing excerpts from the author's "Shore-Resource

Manual" is released to Whatcom County Planning Commission as a pre-
publication courtesy, and may be used for county shore-resource man-
Tt should not be reproduced for other uses else-
where without the author's knowledge.
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Appendix A

THE PHYSTCAL SHORE SYSTEM

A, BEACH PROFILE ELEMENTS (See Figure 1)

1, BEACH SHELF: This is the fixed-profile bench or shelf cut
into the sea bluffs by more than ten thousand years of wave
action, It forms the gently sloping platform on which sand
and gravel is being wave-shuttled vertically and laterally to
produce the changing beach profiles and shoreforms character-
istic of Puget Sound,

2, COASTLINE: This is the highest landward line of long-term
erosional attack of marine waters upon the land. It may be
active as such only once in fifty years or more often under
extreme coincident storm and tide surge conditions, or it may
be under daily wave erosion,

3. HIGH TIDELINE: -This is the intersection of the mean-higher-—
high tide level (unruffled) with the shore., As such it is a
purely artificial and arbitrary demarcation used as a legal
property line for want of a more realistic shore-process boun-
dary., Since most beach profiles (height and slope) change with
every passing storm, so will also the exact location of the high
tideline. In the context of wertical beach horizons, it is used
here as a demarcation reference between the backshore and fore-
shore,

4, LOW TIDELINE: This is the intersection of the unruffled mean-
lower-low tide level with the foreshore slope, It demarcates
between the foreshore and offshore,

5. BACKSHORE: This is the storm-tide wetted, but normally dry,
erosion or accretion zone located between the coastline and the
high tideline. The backshore may be a more or less narrow storm
berm (ridge of wave-heaped gravel) under a seabluff, or it may
constitute a broader complex of berms, marshes, meadows, or dunes
landward of the high tideline. It is part of the littoral drift
process along its seaward boundary,

6. FORESHORE: This is the dintertidal zone between the high and low
tidelines, and in its upper section represents the active sediment
transport zone in vertical shuttling and lateral longshore drift,

7. OFFSHORE: This is the sloping sub-tidal zone seaward from the low
tideline., In terms of immediate fringe element of the shore system,
it is part of the original wave-cut shelf that receives some of the
fine drift particles, and often anchors extensive eel-grass and
kelpbeds., 1Its geo-hydraulic (earth-water) dynamics is tied to both
wave action and tidal currents. :
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THE PHYSICAL SHORE

3YS THEM

FIGURE 1. - Beach Profile Elements
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THE DRIFT-SECTOR SYSTEM (See Figure 2)

The longshore-operation or Drift Sector is that length or

reach of shoreline which allows uninterrupted foreshore and
backshore sediment drift or transport, and which contains any
and all sources of such sediment both erosional and accretional,
Under such shoreline sectoring, all beaches are either fully
self-contained sectors (pocket beaches), or are link~components
of longer multi-operations sectors, Each Drift Sector contains
the following beach process elements:

1. FEED SOURCE: The most prevalent beach-paving and beach-
building material sources on Puget Sound are the high
sea bluffs. Wherever they are in an active operating
state, they are hereafter referred to as "Feeder Bluffs"

The rate of nourishment from the feeder bluff depends on
its geo-hydraulic energy system, Orientation to a long
wave fetch coupled with a low clay-content bluff compo-
sition contributes toward a high and uniform rate of
natural excavation., When the bluff is composed of a non-
uniform or layered composition of clay-sand-gravel, beach
feeding or maintenance action may be in the form of spo-
radic cave-ins and slides onto the foreshore, When the
feeder bluff has a uniformly distributed clay content,
its quarry face is near-vertical, and its operating rate
is slow but steady. As a general statement, it may be
said that the higher the gravel content of the feeder
bluff, the more likely will its drift sector contain a
dry point, spit, or barrier beach.

Stream deltas sometimes provide an additional source of
beach material on Puget Sound., Where the stream maintains
floodway-zone gradient to its mouth, some gravel may be
supplied to fringe beaches, However, fine sand is the
usual material supplied from the extreme side~lobes of the
fluvial (stream) cones where no further stream branches can
interrupt lateral drifting to the adjacent shore sector.

2, DRIFTWAY: This is the longshore passage or corridor (primarily
lower backshore and upper foreshore) along which sand and
gravel is transported. in either direction by wave breaker
action. The driftway may also be defined as the beach
corridor which connects the feeder bluff with its accretion
shoreform, i. e. the transport-way between the "excavation
quarry" and the dumping or fill "terminal'.
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ACCRETION TERMINAL: Longshore or littoral drift movement
is in the direction of prevailing wind, and may thus take
place in reversing cycles with changes in wind direction,
However, in terms of net effect, sand and gravel finally
accumulate at the down-wind or down-drift end of the drift
sector as spit, point, barrier or other type of dry-beach
shoreforms,

SECTOR BOUNDARIES: It can be seen from Figure 2 that each
independent drift sector is separated from the adjacent

sector by a drift gap or drift barrier. Such sector boun-—
daries may be quite absolute, as in the case of a natural

rock spur or deep water promontory, or an artificial deep-
water bulkhead, jetty, or groin. Drift sectors may also be
separated from each other less positively by "leak-barriers"
which may be storm-breached, These may be young tombolo bars
or wave-shadow zones, small tidal or fluvial stream channels,
low-profile groins, or low-intrusion bulkheads, Such barriers
allow limited drift to take place along the lower foreshore and
upper offshore,

Appendix B

THE DYNAMIC SHORE SYSTEM

A, HYDRAULIC ELEMENTS (See Figure 3)

1.

REFRACTION ZONE: This is the offshore area where incoming

wave fronts are first caused to bend toward the shallower

regions of the beach shelf by bottom friction, thus causing

their divergence upon entering bays, and their convergence

around headlands, The location of this zone is a function of
wave size and tide level at any one time. A pronounced refractiorn
effect will increase wave power at promontories, and lower it

in bays. It is this refraction phenomenon that has created

and maintains our crescent-shaped beaches,

BREAKER ZONE: This is the constantly shifting, variable-action
zone in which waves and swells steepen and overturn upon approach-
ing shallow offshore or foreshore bottoms at a depth of less

than 1.5 times wave height.
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DYNAMTIC SHORE SYSTEM

FIGURE 3 -~ Hydraulic Components
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3., SURF ZONE: This is an opposed—current action zone landward

4, SWASH ZONE: This is the terminal action zone in which the wave

of the breaker zone wherein the water from the collapsed
breaker surges forward over the receding current of the
previous wave — often in bore-like surges. Its location,
extent, and even existence is determined by wave and tide
conditions, as well as foreshore slope, It is a normally
occuring zone on ocean sand-beaches, or wherever the fore-
shore profile has a relatively flat slope. Surf conditions
on Puget Sound shores generally occur at low tide.

outwash alternately surges up and down the exposed foreshore
and backshore surface in a single current layer above the
still-water tide level, The strength and volume of the return
swash current, and therefore its erosive power, depends on

the amount of water that is subtracted by percolation through
the beach material, and is thus a function of foreshore and
backshore berm porosity.

B, TRANSPORT ELEMENTS (See Figures 3 & 4)

1. VERTICAL MOVEMENT

a)

b)

Swash Zone: When the swash current is an outrider of the

Surf Zone: By referring to the current flow in an approaching

wave system as the illustrations show, it can be seen that

there are two centers of action. Maximum energy is develop-

ed at the excavation and entrainment point or line of wave
collapse (breaker), where the falling water curtain penetrates
through the returning current of the previous wave to reach the
foreshore sediments, Here the major portion of material is
excavated and suspended, and subsequently exposed to the double
layer opposed-current system of the surf zone, If the foreshore
has a flat slope and therefore a long and deep return current,
the larger particles tend to sink into the return current before
the swash zone is reached. Under these conditions, landward
transport of material is a rather inefficient operation.

surf zone, it is likewise ineffective as a vertical trans-
port medium, It is not until the rising tide brings the
breakers onto the steeper slope of the upper foreshore that
the surf zone tends to shrink and disappear, and the swash
current operates close to the breaker. Now the collapse of
the breaker proceeds without the cushioning and blunting
effect of a deep surf water layer. The digging and entrain-
ing action becomes effective, and the swash can carry the
emulsified sand and gravel up the beach slope. (See Diagram 3)
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DIAGRAM 3

2-HRS

2-HRS

EFFECT OF PROFILE PLUS ACTUAL RATE OF TIDE RISE

WolLF BAUER

SPECIFIC TO PUGET SOUND

Berm - building is a vital process for the creation and maintenance of Class I
beaches and accretion shoreforms. In studying the effects of decreasing water -
rise rates during each final flooding eycle, when superimposed on increasing beach
profile slopes as shown in the above diagram, it becomes apparent that most of

the geo-hydraulic action takes place in the upper foreshore and lower backshore.
Thus in terms of shoreline management in general, and of bulkheading in particular,
it is important to realize that even a slight intrusion into the upper foreshore
is of major beach-process significance, It should also become obvious that the
mean-higher-high tideline as an arbitrary property line finds itself positioned

in the middle of major geo~hydraulic action, and represents an unrealistic and
improper boundary in terms of shore-resource management.
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It is under these high-~tide conditions that a distinct
accretion ridge or storm berm is piled up along the

high tideline between upper foreshore and lower backshore.
If this berm is predominantly coarse sand and gravel, then
the return swash looses much of its volume and carrying
capacity as part of the water returns through the porous
gravel and sand voids, allowing only the finer sediments

to return seaward. Material transport is thus predominantly
landward as the backshore berm is being built up under high
energy conditions. Conversely, when the backshore is more
or less impervious, storm breakers produce a more powerful
return swash, and the upper shore is eroded and transported
into the foreshore. Subsequent reduced wave action may then
again transport this material up the slope over longer periods
of time.

LATERAL MOVEMENT: Waves seldom break exactly parallel to a
shoreline, but generally impinge at varying angles. While
this does not change the action, zoning, or vertical material
transport action previously discussed, it does add a lateral
or longshore drift component, Tt is therefore, obvious that
shoreline orientation with respect to prevailing wind direction
is a critical factor in its erosion or accretion rate, as well
as its profile variability or stability.

Seasonal longshore (littoral) drift may extend for miles, or it
may be confined to very short distances due to natural or arti-
ficial barriers. Drifting distances are also a function of part-
icle size. Thus boulders and large cobblestones tend to remain
in the vicinity of their bluff of origin, (although driftwood im-
pact under storm conditions can shift their position) while slow-

moving gravel and faster moving sand will travel accordingly. Thus

a beach is simultaneously being cut and eroded by high velocity

swash currents running parallel to its backshore. (A parallel swash

current may exceed five miles per hour in only mild storm wave
action on Puget Sound.)
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GEO~HYDRAULIC ENERGY LEVEL

Beaches and shoreforms on Puget Sound may be in either high or
low energy levels and zones., These energy environments are a
result of both beach location and orientation, as well as beach
bluff height and composition., The energies have their origin in
the kinetic energy of tide and waves, as well as the releasable
static or gravity energy residing in every particle of sand and
gravel poised above the shoreline. There are many regional and
also local conditions that contribute to the tapping of this
energy reservoir, and these will trigger shore-process operations
on a broad front. They include:

1. Significant rainfall for eroding and saturating seabluffs to
promote sluffing and caving action for beach material production.

2. Relatively steady coastal winds parallel to the major shoreline
north-south orientation, and thus blowing over ample fetch to
produce breaker swash currents that result in vigorous shore-
process operations, as also wind-blown sand from fore- to backshore.

3. Substantial tide peaks which, when coincident with prevailing wave
action, result in simultaneous feeder-bluff "quarrying", high rates
of drift transport, and substantial gravel-berm building,

4, Widespread distribution of intermediate-size gravel in both high and
low clay-content seabluffs furnishing ideal porous berm-building
material for accretion shores and shoreforms,

5. Abundant accumulation of driftwood which, during high wind con-
ditions, performs as an impact tool for more effective high-clay
feeder bluff operation, while at the same time helping to trap and
accumulate wind-blown sand in the backshore,

6. Strong tidal currents which by scouring and cddy-deposition control
may offshore profiles, and which in turm can encourage or limit
beach process operations.




Inventories of drift sectors and shoreforms must relate these local

energy levels to the relative opportunities and restrictions they

present in terms of planning and management, Thus, for example, the
placement of a bulkhead into the backshore or foreshore of a low-energy
driftway may result in very minor beach changes over a fifty-year period,
while a bulkhead of the same size and position within a high energy drift
sector can result in drastic beach-process disturbances in a matter of ten
years or less. The geo-hydraulic energy level is therefore as valid a
consideration as the inter~relationship of the drift-sector components,
and should be part of any shoreform inventory and evaluation. Puget Sound
shore-process environments dramatically reflect the geo-hydraulic energy
gradient from a high level in the more open northern sectors to a reduced
activity level in the more confined channels of the southern reaches, How-
ever, irrespective of geographic location, the beach-process energy level
is low in any wave-sheltered bay, cove, or shallow inlet, while it is high
along deeper, wave-—exposed open water shorclines.

While hydraulic energy plays a predominant role in beach process operation
and the resulting environment, the "geo-static" component often controls

its total effectiveness, As pointed out, this releasable gravity (geo-static)
energy is a function of colloidal clay-holding power as well as material
height above water level,

.
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TABLE 3

Vo pRIFT - SECTOR. LOGISTICS

R . - . e hmen s -

Wolf Bauer

GENERAL RELATTIONSHIPS OF
FEEDER BLUFF OPERATION

QUANTITATIVE
FACTORS: H = Height

W = Active Width
G = Percent Gravel
C = Percent Clay

RELATIVE

FACTORS: E = HYDRAULIC ENERGY (Average wave height x length, fetch.in miles,
shore orientation, offshore depth,
foreshore width, refraction, supple-
mental storm swells, boat wakes)

D = DURABILITY 1
1

free-sliding repose slope .... 5 = compact vertical
fractured, weak ...... 5 = homogenous cohesive

o

(Degree of compaction, clay-coating, drift depth,
seepage planes, particle size distribution,
bedding, clay seams, hipgh-tide level com-
‘position.versus upper bluff composition)

n
11

DRIFIWAY STATUS (percent foreshore blockage, absolute 1 to 100)

DRIFT-SECTOR OPERATIONS ILEVEL

RELATIVE BLUFF RECESSION RATE ...... ceeeeaa —
RELATIVE TOTAL FEED BATE TO BEACH vuvewueen. —ob XV
D

ExHxWxG.

RELATIVE BERM BEACH MAINTENANCE POTENTIAL ..

>

xCx8
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Thus for the same hydraulic wave energy expended against the same

length of feeder bluff, the higher bluff produces the greater quan=

tity of beach material and size of downdrift shoreform. On the other

hand, equal-height feeder bluffs will produce unequal amounts of material
with the same available wave energy if only the clay content varies slight-
1y (colloidal-bond energy).

Aside from the total level of geo-hydraulic energy available to any one
drift sector, it should be obvious that feeder bluff composition in terms
of sand-to-gravel ratios is a modifying factor influencing beach and shore-
form type, size, stability, and environment. There are many other minor
contributing factors influencing the environmental status of Puget Sound
accretion beaches, but for the purpose of this inventory evaluation, the
aforementioned elements and conditions are pertinent,

D., BIO-ENERGY ZONES

While high geo-hydraulic energy conditions create major accretion shore-
forms, their wind and wave-baffling effect in turn produces low energy
pockets that encourage marine-dependent flora and fauna in biotic comm-
unities to establish themselves in the shoreform's protected lee., To
those original low-energy shallow bays and inlets of Puget Sound that are
located some distance from vigorous tidal mixing currents and open waters,
there have been added many smaller low-energy lagoons and salt marshes
which, by virtue of their parent accretion shoreforms, are located next to
nourishing high-energy waters. Thus high geo-hydraulic energy zones have
created low hydraulic energy zones which, in turn, shelter high biologic
energy environments.
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APPENDIX C

BEACH SHORE CLASSIFICATTION SYSTEM

It can be seen from the baseline geo~hydraulic system of shore
classification diagrammed in Figure 5, that marine shores can be
divided into four categories: Estuarine, Marshy, Beach, and Rocky;
and furthermore, that beach shores can be subdivided into erosional
Class III, marginal Class II, and accretional Class I types. Such a
sub-classification represents not only a genetic differentiation, but
as we shall see later, it grades Puget Sound beaches as to "wet",
"marginal”, or "dry" in terms of relative recreational use potential.,

The beach classification system to be described herein was developed
for easy public recognition and use— one that would not require scien-
tific knowledge or determination of beach geo-morphology. It is simply
based on the presence, absence, or marginal extent of a walkable dry

backshore at high tide water level — an observed or inferred condition

determining whether it is a dry Class I or a wet Class III beach. 1In

this context, it is coincidental that most Class IIT and Class II beaches
are, in fact, erosional; and that Class I beaches are the accretion type.
Thus all beaches have foreshores (intertidal zones) but only accretion
Class I beaches additionally encompass stable, infrequently-wetted back-
shore berms, dunes, or marshes, (See Figure 6)
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CLASS ITI EROSTONAL WET BEACHES

PHYSTOGRAPHIC DEFINITION

Class ITII beaches are characterized by the fact that the
Coastline coincides with the High Tideline, and that the
Backshore is missing. Thus the Foreshore, or wet inter-
tidal zone, constitutes the beach, one which is always
under water during high tide, but which may also be cover-
ed by water during tides of lower than mean-higher-high
tide level,

Class III beaches may account for a small or major portion
of their drift sector, or they may constitute all of a
"pocket beach". (A pocket beach is here defined as a short
drift sector beach that is usually crescent-shaped and con-
fined between two rock spurs; and where all of the bank or
bluff acts as beach material source. Depending on the amount
of gravel making up the bank, the pocket beach may be either

Class IIT or Class 1I type, rarely Class I,)

BEACH VARIATIONS

Class II1 beaches may show considerable differences in their
shore environments within this classification e primarily

as a result of the geo-hydraulic energy level associated with
their location.

1)

2)

Low—-Energy Zone: In the low energy level environment of

a shallow inlet or cove, for example, the foreshore often
ends at the tree-line because bank or bluff erosion is slow
enough to allow trees and vegetation to take root between
slides and cave-ins, and thus further inhibit steady surface

erosion, Such low-energy Class III beaches may have extensive

foreshores that are a result of glacial physiography and
topography rather than post-glacial beach-shelf cutting.
In more recent times, however, shore breaker action from
boat traffic wakes is beginning cycles of increased beach~
process operations in what were historically low-energy

"shores.

High-FEnergy Zone: The Class IIT beach environment in this

zone is greatly influenced by both bluff composition and
incident wave orientation. A no-berm beach will result when:

a. The clay content of the bluff is either high or very
uniformly distributed so that a stable vertical cliff
results which contributes beach gravel at a lower rate
than the transport capacity of longshore drift, This
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condition produces a natural bulkhead with the toe

of the bluff situated below the high tideline so that

the near-vertical swash plus echo-waves tend to keep j
the toe clean of sediment, and sometimes of driftwood
as well,

b. There is no berm~building gravel in the bluff compo-
sition, and the foreshore does not act as a drift- ‘
way for gravel from another feeder bluff. This may |
be the case with pure clay or clay-pocket bluffs that
slide sporadically, and which may therefore be of un-
even profile and tree—covered. If the bluff is pure
sand there will be a steady feed to the foreshore, and
the profile is more uniform and less steep. Waves fre-—
quently impinge on the bluff toe, and eroded material is
quickly carried away.

CLASS II, MARGINAL DRY BEACHES

PHYSTIOGRAPHIC DEFINITION

Class II beaches are here defined as those in which the
beach shelf along the high tideline carries a layer or
shallow berm of sand and gravel, as well as driftwood,
and which remains dry at mean-higher-high tide level but
is wetted by breaker action and all higher tides. Thus
the Class IT beach has a narrow, unstable backshore, the
material of which is constantly involved in beach-feeding
and longshore drift operations.

What has been described for Class III beaches generally

also applies to Class II types. Both are erosional. 1In
view of the widespread occurrance of gravel in most of the
glacial drift deposits making up the Puget Sound sea bluffs,
Class II beaches are by far the most prevalent. They usually
represent active driftways in the high geo-hydraulic energy
zones., In low energy shoreline areas, however, conditions
for narrow backshore formation must be extremely favorable,
such as proximity to active loose gravel feeder bluffs, or
being part of the feed area.

CLASS I. ACCRETIONAL DRY BEACHES

PHYSIOGRAPHIC DEFINITION

Class I beaches are defined here as those having a rel-
atively permanent backshore composed of a storm-tide berm
of sand, '

66




gravel, and driftwood that is wetted only under extreme tide

and wave. conditions, Class T "dry" beaches are, with only few
exceptions, accretional shore deposits that represent both drift-

way and net accretion terminal within their drift sector., While
stable, storm-tide backshore berms may occur at the base of favor-
ably oriented loose-gravel bluffs, Class I beaches are more character-
istically associated with shoreforms such as spits and points, and
barrier berms accreted across marshy or estuarine embayments.

ASSOCIATED SHOREFORMS (See Figure 2)

Class I accretion beaches might be called "derived" beaches, since

their origin and present maintenance actually depends on the Class

TI and IIT erosional beach systems., Just as the latter are associated

and integrated with the various types of seabluffs described earlier, so
are the Class I beaches a windward component of accretion shoreforms. The
major accretion shoreforms operating on Puget Sound as geo-hydraulic as
well as distinct land and marine biologic entities are points, spits,
tombolos, and barrier beaches, along with their associated and inter-—
dependent lagoons, salt marshes, and older marsh meadows,

SPITS (and HOOKS) are current and wave-built narrow sand and gravel
deposits extending parallel to, or curving out from shore, and are
characterized by a wave-built beach berm on the wind or seaward side
(Class I beach), and a more gently~-sloping muddy or marshy shore on
the lagooned or leeward side. (Curved spit = hook)

POINTS are low-profile shoreline promontories of more or less tri-
angular shape, with one side forming the backshore coastline as a
baseline, and the apex extending seaward. Points may be the wave

cut shelf remnant of a headland bluff, or they may be a last-phase
purely accretional deposit that had its beginning in a hooked spit,
and which subsequently closed its lagoon gap and re~connected to the
mainland. Points are therefore in several stages of development, each
with a characteristic environment reflecting its particular geomorphology.
Points are characterized by the dike-like berm that storm tides have
heaped along the high tideline of the two converging beaches, and a
central inter—tidal lagoon, brackish pond or marsh, or an older salt
or dune-grass meadow enclosed by such berms.

BARRIER BEACHES are accretional shoreforms of sand and gravel that

have been deposited, like storm barriers, in front of bluffs, bays,
marshes, and estuaries by longshore drift-growth from either or both
headlands. They are characterized by a storm-tide berm above high tide
which acts as both dike and seawall to the backshore, bluff-shelf, meadow
marsh, lagoon, or estuary.
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TOMBOLOS are causeway-like accretion spits commecting

an offshore rock or island with the main shore. Tombolos
usually develop from bars (submarine berms) that build up
by sedimentation in the low-energy 'wave shadow" zone be-
tween the wave barrier (the island) and an active driftway,

When tombolos reach maturity they constitute an accretion
temminal for each part of the drift sector they have divided.
Depending on its orientation to prevailing winds, as well as
‘the fetch exposure of each side, a tombolo may have two Class I
berm beaches, or one side may be more sheltered to produce a
marshy shore and lagoon.

POCKET BEACHES  are "residual" or "in-situ" shore deposits,

rather than longshore-drifted accretion forms., As indicated

previously, they may form any of the three classes of beaches
depending on. the degree of backshore berm-building permitted

by local shore composition and energy level, It feeds on it-
self, so to speak.

The pocket beach may be at the foot of a high bluff or low bank,
under which conditions it generally forms either a Class III or
Class II erosional beach. When the pocket beach is located be-
tween headlands, or is part of a low isthmus (similar in appear—
ance to a wide tombolo), then the prevailing wiidward side often
creates a major Class I dry berm beach.
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APPENDIX D

THE ACCRETTON-BEACH AS A RECREATTONAL RESOURCE

Recreational shoreline experience on Puget Sound has many facets,

some of which are basic to all waterfront activities, while others

are peculiar to certain shoreforms and local conditions. Recreation-
al shore use and activities also change with weather, tide level, and
season., Shore appreciation is further tied to individual tastes, in-
terests, and sense of values. Thus erosional beaches with their high
cliff buffer zones, especially the most common Class II type, possess
cherished scenic and recreational values for an increasing number of
people. They are often the most inaccessible wilderness-~type shore en-—
vironments in our midst, and the seabluffs themselves present a drama-
tic showcase of glacial geology as well as biologic habitat. It is
nevertheless possible to assign overall recreational priorities to
certain beaches and shoreforms in terms of quantitative considerations
that lend themselves to rating and comparisons with a minimum of bias.

The first quantitative priority factor to be associated with Class 1
beaches is that of relative uniqueness. Thus in terms of their occur-—
ence on Puget Sound, accretion beaches and shoreforms represent only
a very small fraction of total shoreline-less than five percent—and
a major portion of these has been and is beéing converted to erosion-
type shores by improper bulkheading, developments and other shore dis-

turbances,

69




A second priority factor is that of overall accessibility., Class I
accretion beaches are the only ones with dependable dry, above-tide
berms and walkable backshores, even under high wave action conditions.
Where they are components of spits, tombolos, and points, they also
offer protected leeward access from the water by virtue of a dual shore
system.

A third factor focusing priority attention onto such beaches and their
associated shoreforms is the time element in terms of their preservation
as a heritage resource., In view of their general accessibility and flat
topography, they have become a prime target for real estate development.
The few remaining undeveloped examples of this heritage have now become
a truly endangered shore species.

A major recreational plus-factor of Class I beaches, as compared to the

more common erosional seabluff shores, is that of backshore use-potential.
All three types of beaches have intertidal wet foreshores with tide-regulated
walkability, clamming opportunities, and other shared water-involvement uses.
However, the accretion beach has in addition to this foreshore commonality

a dry sand and gravel driftwood berm with dune grasses and flowering vege~
tation, a beach environment that is available on a 24-~hour basis without
tidal interruption.

While swimming or clam~digging may be an avowed reason for visiting
Puget Sound beaches, relatively few people actually swim in the short summer
season and cold waters (as opposed to wading) and clamming is confined
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to certain infrequent minus—tides in limited favorable locations,
Shore activilties, as far as year-round or daily peovle-hours are
concerned, will involve boat-landing, skin-diving in the offshore,
walking and browsing, hunting for and gathering of driftwood, flotsam
and pebbles, as well as bird and nature study. As the high tides or
wind waves take possession of the wet and narrow erosion shores, such
activities as camping, fire-building for cooking and socializing, and
especially dry sand and gravel picnicking and sun-bathing become in-
creasingly marginal, Especially in areas of high frequency beach visi-
tation, the importance of remaining Class T dry beaches and associated
environment will be more and more sought-after and valued.

THE ACCRETION SHOREFORM AS A BIOLOGICAL RESOURCE

As in so many instances of man's invasion of natural environments, recre-
ational shore use is not always in the best interest of the resource, or
of man himself. Some open space entities such as estuaries, for example,
are invaluable bio-process environments at the food chain baseline, and
intensive co-recreational use can bring about serious reductions in nat-
ural process operation. Man can affect such biologic systems in two ways-

either directly in terms of comsumptive or pollutive activities, or indirect- _

ly in terms of affecting the less flexible geo-sphere to which the more
flexible bio-sphere is trying to adapt.
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In the Puget Sound shore process scheme-of~things, the basic and
constantly recurring geo-hydraulic process sequence is the Feeder
Bluff-Driftway-Accretion Terminal system. Not only has this result-
ed in accretion shoreforms composed of high priority recreational
Class I berm beaches, but a direct consequence of this process has
also been the creation of biotic environments in the form of shallow
lagoons and protected salt marshes leeward of these shoreforms. Here
‘the<phyto~planktoq,algae, and related baseline habitat, even though
usualily modest in size and activity, is nevertheless performing a
valuable cumulative function within the total biosphere of the in-
land sea, Thus it is this dual recreational-biological resource po-
tential that establishes the high priority resource position of
accretional shoreforms at this time. It remains to be determined
whether this is a dilemma or an asset. It is an unusual juxtapos-—
ition of dry recreational and wet biological environments-—hoth
esthetically and functionally valuable in their own right. (See

Figure 7).

From the standpoint of recreation, this dual resource has fared
without major problems thus far, The windward beach system has
readily absorbed boat landing and beach traffic because of its
rugged gravel and driftwood composition, while the leeward marshy
shores and shallow lagoons have tended to discourage polluting motor
boats, or consumptive marine activities aside from seasonal bird
hunting. However, it has been in its use as a real estate develop—
ment commodity that the effects have been devastating. Attesting

to this are the bulkhead blocking of feeder bluffs and driftways,
obliteration of storm-tide Class 1 berms, and the conversion of marshy
lagoons into sterile boat basins and fills, all challenging system
integrity,
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