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SAND CROSS-SECTIONAL AREA AND VOLUME ESTIMATION

Sand cross-sectional areas were measured on a
digitizing tablet from profiles constructed from the
surveying and platform depth data. Three measurements were
recorded for each beach: 1) the area of sand above mean high

high water (Aypyuyw): 2) the area of sand above mean low low
water (Aypw), and 3) the total area of sand (34,,) above the

platform or an arbitrary depth cutoff of -10 m mean tide
level (Figure 17). The term mean high high water refers to
the arithmetic mean of the higher high water heights of a
mixed tide observed over a specific 19 year Metonic cycle -
the National Tidal Datum Epoch (NOAA Tide Tables, 1989).
Mean low low water is the arithmetic mean of the lower low
water heights of a mixed tide observed over the same 19 year
period. The 10 m depth cutoff was chosen because this is
the maximum expected depth of swash zone scouring. It is
also the approximate limit of acoustic signal penetration of
the 12 channel seismic refraction system used in this study.
The point where mean low low water intersects the beach face
was used as the seaward break in the profile cross-section
area measurements. The base of the sea cliff, the beginning
of permanent vegetation, or the foredune crest (the legal
boundary between private uplands and public tidelands:

Gutstadt, 1990), is used as the landward break, depending -
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upon which was present at the profile site. These lines
also represent the extent of the "active" beach.

Sand volumes for the eight selected cells were
estimated through extrapolation of the sand cross-sectional
area, determined for each staked profile to the longshore
distances between stake sites. The longshore distance of
extrapolation was established for each beach section through
the use of aerial photo and map analysis, and by
reconnaissance of the beaches from local vantage points.

The surveyed profiles were compared to 1989 aerial
photograph data (available for Oregon cells only) to insure
that the site selection was indeed representative of the
beach sections over which extrapolation would take place
(see results). The ratio of the average beach width for the
beach section to the beach width at the survey site as

determined from aerial photographs was computed (R;) for
each beach section. The ratio R; ranged between 0.57 and

1.40 over the study area, with an average of 1.0025. Of the
20 beaches for which 1989 aerial data was available, only 3
fell outside a range of 0.75 to 1.25. Values of R; which
deviate considerably from 1.00 are found in areas in which
beach width changes rapidly with longshore distance. These
areas are usually found at the ends of cells near the
transition between beach and headland (see results). The
fact that site selection beach widths were found to be

generally representative of adjacent beach widths for the
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Oregon cells lends support to the similar use of selected
representative sites in Washington and California cells for
which no 1989 aerial photograph data were available (see
results).
The beach areas determined by survey (A;) were then
adjusted to the average beach width by multiplying them by

the ratio (R;) (for the areas with 1989 aerial photograph

data) prior to extrapolation into the longshore direction:

AW
- /_
R=—-22 , A'=AR

ap

The volume of sand was determined by multiplying the

adjusted areas (Aﬁ by the longshore distance of

extrapolation (Dl;). For example:

—a/
VMLLW_A MLLW Dls

Three sand volumes are recognized based on the sand area
measurements described above: 1) the total sand in the cell

(Viet) » 2) the sand above MLIW (Vyq;w), and 3) the sand above

MHHW (Vyqyaw) -

STATISTICAL ANALYSIS

Beach and Terrace Samples
Cumulative weight versus settling time graphs were

constructed for the grain size data files generated during
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settling tube analysis to check the data for consistency and
irregularities that might be caused by vibration of the
instrument or other factors. A BASIC program was then used
to pick data points from the data file, which are used to
determine the statistical measures of the sample (grain size
frequency, distribution, etc.). The equations used to
calculate the statistical measures for the sample are those
of Inman (1952). The sample grain size statistics were then
converted from phi scale to metric scale through the use of

a software program (EXCEL).

Correlation of Beach Parameters

The correlation of beach parameters such as grain size
and distance within cell, mid-beachface slope and distance
within cell, and sand volume with distance within cell were
determined using standard statistical formulae given in
Davis (1986). For example, a corfelation coefficient of r=
0.97 between beach volume and distance within the cell would
indicate that sand volumes increased with distance north in
the cell. Negative correlations would indicate the study
parameter decreased with distance in the cell. 1In addition,
correlation coefficients between parameters such as beach
sand grain size and beach width are given. A positive
correlation would indicate that the dependent parameter
increased with the independent parameter. A negative
correlation would indicate the dependent parameter decreased

with the independent parameter. The significance of each



65

correlation coefficient was tested by using the t-test:

rJ/n-2

Vy1-r?

L=

where r is the correlation coefficient and n is the number
of samples. Critical values for t given in Davis (1986)
were used to test the hypothesis that the parameter
correlations were significantly different than zero. A 10%
level of significance was chosen because of the
reconnaissance nature of the study. Only correlations in
which the null hypothesis could be rejected at a 10% level

of significance are presented below.



RESULTS
AERIAL PHOTOGRAPH ANALYSIS

Aerial photograph and map analyses were performed in
order to (1) document beach parameters and (2) compare the
results of the field survey and sampling data. The complete
results of aerial photograph analysis of the eight selected
littoral cells in the Pacific Northwest are presented in
Appendix I. The beach parameters measured from aerial
photography included shoreline orientation, beach widths
before and after the 1983 El1l Nifo, beach widths at the time
of the field study (Oregon cells only), terrace height and
platform type, and dune width (measured from pre-1983
photos). The data were taken at half kilometer distances
longshore and are recorded with reference to location name,
N-S and E-W UTM coordinates, and to approximate distance in
kilometers from the apparent northern headland or cell
boundary. All measurements are recorded in meters except
shoreline orientation which is measured in degrees azimuth.
Platform types are defined as: 1) Tl- low terrace, 2) T2-
high terrace, 3) T3- visibly eroding terrace, 4) U2-
moderate to high sea cliff, 5) U3- visibly eroding cliff,-6)
B2- moderate to high wave cut bench, and 7) D- dune field.

Combinations of the descriptors above are used where
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combinations of shoreline types are present. For example,
T1D would be used to describe a low terrace with dunes
either covering it or dunes developed on the terrace
surface.

The width of beaches in the cells selected for this
study vary from 0 to over 500 meters (aerial photograph
data). Figures 18 through 25 show the relationship between
beach width at different times and N-S UTM distance
determined from aerial photograph analysis for each cell.
The changes in beach width from pre-1983 to post-1983 are
shown in Figures 26 through 32 for the cells for which this
data were available. Negative values represent a narrowing
of the beach while positive numbers represent the widening
of the beach. These figures show that in some cells,
significant displacements of sand occurred during the 1983
El Niflo. Figures 33 through 36 show the change in beach
width between the pre-1983 data and the present (1989) data.
These figures show the degree to which the cells have
readjusted to "normal" climatic conditions followiﬁg El Nino
induced sand displacements.

The orientation of the beach was measured from
topographic maps in order to see if sand distribution is
related to beach orientation or sediment transport
direétion. Beach orientation is defined in this study as
the direction the beach faces (normal to the trend of the

shoreline) and is measured in degrees azimuth. The
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Figure 24. Beach width versus distance for the
Crescent City Cell.
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Figure 25. Beach width versus distance for the
Eureka Cell.
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Figure 26. Change in beach width during the 1983
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variation in beach orientation with N-S UTM distance is
shown for each cell in Figures 37 through 44. The average
shoreline orientation varies from 229° Az for the Crescent

City cell to 291° Az for the Eureka Cell. The average

shoreline orientation for the other six cells lies between

255° and 275° Az.

BEACH PROFILING/WAVE-CUT PLATFORM ANALYSIS

Beach profiling and depth to wave cut platform
analysis was completed in order to calculate beach slopes
and sand volumes for the selected cells. The results of
beach profiling and wave-cut platform analysis are presented
in Appendix II. The asterisks connected by the solid line
represent the survey data while open squares without
connecting lines represent the level of the wave cut
platform at that point in the profile as determined by
seismic refraction surveys or direct observation. All
elevations are adjusted to mean tide level.

Beach slopes were measured at the mid-beachface
position for comparison to beach grain size analysis and to
corresponding position in cell. Beach slope estimates are
presented in slope percent (rise/run multiplied by 100).

The elevation of the wave-cut platform, at the point where
MTL intersects the profile surface, was recorded for each
beach surveyed in order to make comparisons to sand volumes.

Average mid-beachface slopes, beach widths, and wave-cut
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platform depth below MTL for the beaches studied are given
in Table I. Figures 45 through 52 show the relationship
between mid-beachface slope and cell position for each

selected littoral cell.
GRAIN SIZE ANALYSIS

Beach sand and terrace samples were analyzed for mean
grain size and standard deviation from each profiled beach
in the eight littoral cells. The results of these analyses
are presented in Tables II and III below. The mean grain
size for beaches within the study areas ranges between
0.113 and 1.729 mm with an average of 0.271 mm. The average
grain size for all beaches sampled in the Pacific Northwest
is 0.313 mm (Peterson and others, 1990b). Figures 53 through
60 show the relationships among beach grain size, terrace
sand grain size, and position in the cell measured in S-N
UTM distance for each cell. The mean grain size ranges
between 0.164 and 0.753 mm in beach samples from the La Push
Cell, with an average mean grain size of 0.548 mm. For the
Kalaloch Cell, mean grain sized ranges from 0.122 to 1.729
mm, with an average mean grain size of 0.460 mm. The mean
grain size ranges between 0.152 and 0.187 mm in the Cannon
Beach Cell, with an average mean grain size of 0.172 mm;

The average mean grain size of beach samples collected in
the Otter Rock Cell is 0.232 mm with mean grain size ranging

from 0.189 to 0.275 mm. The mean grain size ranges between



TABLE |

BEACH WIDTHS AND MID-BEACHFACE SLOPES DETERMINED
FROM BEACH PROFILES IN SELECTED CELLS OF THE PNW

PROFILE WIDTH | AVG. Slope M} %M | Avg. %M
LaPush Cell
N. Rialto Beach 54 47 0.0443 4.43 4.82
S. Rialto Beach 40 0.0521 5.21
LaPush A 100 95 0.0146 1.46 2.09
LaPush B a0 0.0272 2.72
Kalaloch Cell
Ruby Beach B 48 51 0.0183 1.83 1.73
Ruby Beach A 53 0.0163 1.63
Beach #4 A 57 51 0.0207 2.07 1.89
Beach #4 B 45 0.0171 1.71
Kalaloch C 155 129 0.0162 1.62 1.62
Kalaloch A 100 0.0208 2.08
Kalaloch B 131 0.0115 1.15
South Beach B 84 66 0.0123 1.23 1.57
South Beach A 43 0.0111 1.11
South Beach C 70 0.0238 2.38
Whale Creek B 130 139 0.0183 1.83 1.71
Whale Creek A 158 0.0193 1.93
Whale Creek C 130 0.0136 1.36
Cannon Beach Cell
Chapman B 240 225 0.0124 1.24 1.14
Chapman A 210 0.0104 _ 1.04
Tolovana C 148 176 0.0131 1.31 1.58
Tolovana A 150 0.0157 1.57
Tolovana B 230 0.0187 1.87
Arcadia A 158 155 0.0115 1.15 1.35
Arcadia B 171 0.0120 1.20

{Arcadia C 135 0.0169 1.69
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TABLE |

BEACH WIDTHS AND MID-BEACHFACE SLOPES DETERMINED
FROM BEACH PROFILES IN SELECTED CELLS OF THE PNW

(continued)
PROFILE _ [ WIDTH | AVG. [Slope(M)| %M [ Avg. %M
Arch Cape C 149 131 0.0113 1.13 1.39
Arch Cape A 145 0.0134 1.34
Arch Cape B 100 0.0171 1.71
Cove Beach B 77 49 0.0172 1.72 1.63
Cove Beach A 20 0.0154 1.54
Otter Rock Cell
Otter Rock 182 182 0.0125 1.25 1.25
Beverly Beach A 147 167 0.0166 1.66 1.43
Beverly Beach B 135 0.0137 1.37
Beverly Beach C 219 0.0126 1.26
Moolack B 100 117 0.0097 0.97 1.43
Moolack A 120 0.0180 1.80
Moolack C 131 0.0151 1.51
58th Street 45 45 0.0357 3.57 3.57
Newport Cell
Agate Cove A 195 191 0.0121 1.21 1.18
Agate Cove B 187 0.0114 1.14
Agate Wayside A 214 - 205 0.0116 1.16 1.32
Agate Wayside B 200 0.0148 1.48
Agate Wayside C 202 0.0133 1.33
Nye Beach A 140 144 0.0165 1.65 1.75
Nye Beach B 148 0.0184 1.84
South Beach C 140 142 0.0169 1.69 1.73
South Beach A 145 0.0233 239
South Beach B 140 0.0110 1.10
Holiday Beach C 158 183 0.0149 1.49 1.32
Holiday Beach A 145 0.0115 1.15
Holiday Beach B 245 0.0131 1.31
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TABLE |

BEACH WIDTHS AND MID-BEACHFACE SLOPES DETERMINED
FROM BEACH PROFILES IN SELECTED CELLS OF THE PNW

(continued)
PROFILE WIDTH | AVG. |Slope(M)| %M | Ava. %M
Lost Creek C 170 167 0.0185 1.85 1.46
Lost Creek A 170 0.0095 0.95
Lost Creek B 160 0.0157 1.57
Seal Rock B 50 64 0.0117 1.17 1.37
Seal Rock A 78 0.0157 1.57
|Gold Beach Cell
Otter Point B 178 170 0.0151 1.51 1.64
Otter Point A 160 0.0163 1.63
Otter Point C 173 0.0179 1.79
High Tide B 114 116 0.0260 2.60 2.28
High Tide A 115 0.0226 2.26
High Tide C 119 0.0198 1.98
Red House 199 0.0161 1.61 1.61
FairgroundsC 82 79 0.0317 3.17 3.75
Farigrounds A 90 0.0371 3.71
Fairgrounds B 64 0.0438 4.38
Big Rock B 95 101 0.0400 4.00 3.92
Big Rock A 119 0.0371 3.71
Big Rock C 90 0.0406 4.06
Boomer Rd. B 35 55 0.1000 10.00 10.19
Boomer Rd. A 99 0.1000 10.00
Boomer Rd. C 30 0.1057 10.57
Crescent City Cell
Crescent City N. B 130 128 0.0156 1.56 1.36
Crescent City N. A 125 0.0115 1.15
Dead Dog A 128 127 0.0161 1.61 1.56
Dead Dog B 126 0.0150 1.50
Crescent Beach A 95 96 0.0218 2.18 1.82
Crescent Beach B 97 0.0145 1.45
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TABLE |

BEACH WIDTHS AND MID-BEACHFACE SLOPES DETERMINED
FROM BEACH PROFILES IN SELECTED CELLS OF THE PNW

(continued)
PROFILE WIDTH | AVG. Slope (M}| %M | Avg. %M
Crescent City S. A 100 103 0.0143 1.43 1.59
Crescent City S. B 106 0.0174 1.74
| Eureka Cell
Moonstone 400 400 0.0059 0.59 0.59
Clam Beach B 296 272 0.0143 1.43 1.24
Clam Beach A 264 0.0156 1.56
Clam Beach C 257 0.0072 0.72
Mad River B ? 0.0211 2.11 2.53
Mad River A 65 57 0.0427 427
Mad River C 48 0.0122 1.22
Manila B 110 94 0.0330 3.30 3.49
Manila A 83 0.0414 4.14
Manila C 90 0.0303 3.03
Samoa 77 0.0360 3.60 3.60
North Jetty C 108 105 0.0454 4.54 3.47
North Jetty B 98 0.0300 3.00
North Jetty A 110 0.0286 2.86
South Jetty A 192 154 0.0180 1.80 1.81
South Jetty B 143 0.0192 1.92
South Jetty C 126 0.0171 1.71
Table Bluff 1¢ a8 96 0.0240 2.40 2.44
Table Bluff 1a 98 0.0234 2.34
Table Bluff 1b 92 0.0258 2.58
Table Bluff 2 85 85 0.0328 3.28 3.28
Centerville 2¢ 90 67 0.0458 458 5.25
Centerville 2a 60 0.0543 5.43
Centerville 2b 50 0.0575 5.75
Centerville 1b 55 47 0.0545 5.45 5.84
Centerville 1a 38 0.0623 6.23
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Figure 45. Mid-beachface slope versus distance for
the La Push Cell.
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Figure 46. Mid-beachface slope versus distance for
the Kalaloch Cell.
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Figure 47. Mid-beachface slope versus distance for
the Cannon Beach Cell.
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Figure 49. Mid-beachface slope versus distance for
the Newport Cell.
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Figure 51. Mid-beachface slope versus distance for
the Crescent City Cell.
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TABLE 1l

RESULTS OF GRAIN SIZE ANALYSIS OF SELECTED BEACHES IN THE PNW

92

LOCATION SAMPLE [UTM N-S_|UTM W-E[MEAN _ [STD. DEV.
(meters) _|(meters) {(mm) {mm)
North Rialto (Ellen Creek) * B125 5310050 377400 0.727 0.374
South Rialto* B116 5308950 377600 0.753 0.297
LaPush South B115 5306950 377650 0.164 0.790
Ruby Beach * B119 5284800 393850 1.729 0.257
Beach #4 * B114 5277950 395800 0.790 0.191
South Brown's Point B118 5276050 396300 0.122 0.785
Kalaloch Beach B117 5273650 396600 0.130 0.824
South Beach B113 5268650 397600 0.158 0.796
Whale Creek B124 5259950 398750 0.151 0.744
Little Hogsback Beach B121 5254100 399150 0.140 0.807
Chapman Beach B97 5083750 424100 0.166 0.841
Tolovana Beach B93 5079700 425300 0.166 0.779
Arcadia Beach Bg92 5077150 425400 0.187 0.818
North Arch Cape Beach B8sb 5073650 425150 0.187 0.824
Cove Beach B99 5070000 424700 0.152 0.829
Otter Rock Beach B79 4954800 416200 0.189 0.742
Beverly Beach B77 4953150 416250 0.232 0.785
Moolack Beach B76 4950400 415950 0.232 0.824
58th Street Beach B78 4947900 415300 0.275 0.669
Agate Beach Cove B63 4946950 415950 0.122 0.829
Agate Beach Wayside B64 4945550 416150 0.147 0.801
Nye Beach B65 4943300 415750 0.151 0.812
South Beach B66 4939200 415500 0.147 0.841
Holiday Beach (Grant Cr.) B69 4936650 415250 0.170 0.812
Ona Beach B67 4932600 414750 0.151 0.824
Lost Creek Wayside B68 4930000 414500 0.153 0.801
Seal Rocks Beach B70 4928600 414150 0.153 0.796
Otter Point Beach B43 4700950 382700 0.180 0.688
High Tide Beach B42 4699700 382100 0.177 0.779
Red House Beach B44 4698700 382100 0.204 0.737
Gold Beach Fairgrounds B45a 4695900 382650 0.325 0.642
Hunters Creek B30 4694300 382750 0.358 0.674
Big Rock Beach B45b 4693400 382700 0.379 0.702
Boomer Road Beach B46 4691100 382700 0.426 0.693




TABLE I
RESULTS OF GRAIN SIZE ANALYSIS OF SELECTED BEACHES IN THE PNW
(continued)

ILOCATION SAMPLE [UTM N-S {UTM W-EIMEAN __ [STD. DEV.

(meters) |(meters) |{{mm) {mm)
Crescent City North B38 4621500 403150 0.121 0.841
Dead Dog Beach B40 4620450 403900 0.120 0.818
Crescent City Beach B18 4619950 404150 0.113 0.812
Crescent City South B39 4618700 404750 0.134 0.790
Endert's Beach B17 4616950 405100 0.480 0.616
Moonstone Beach B11a 4542000 406600 0.120 0.763
Clam Beach B10 4538450 406100 0.133 0.818
Mad River Beach B9 4531200 404300 0.162 0.774
Manila B8 4522250 401000 0.183 0.779
Samoa B7 4517250 399000 0.248 0.801
North Jetty Humbolt B6 4513800 397300 0.243 0.768
South Jetty Humbolt B4 4511700 395600 0.203 0.774
Table Bluft BS 4505800 392300 0.241 0.790
North Eel River Beach B3 4501050 389800 0.312 0.801
Centerville Beach B2 4492950 386000 0.595 0.664

Note: * Indicates greater than 5% >2mm, sieve analysis performed.
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TABLE il

RESULTS OF GRAIN SIZE ANALYSIS OF
SELECTED TERRACES IN THE PNW

LOCATION ID# _JUTMN-S [UTM W-E [MEAN STD. DEV.
(meters) {(meters) |(phi) (phi)

Beach #4 T40a 5277950 395800  0.143 0.785
Beach #4 T40b 5277950 395800  0.191 0.722
Kalaloch T41 5273650 396600  0.248 0.412
South Beach T39 5268650 397600 = 0.503 0.470
Arcadia Beach T35 5077150 425400  0.149 0.395
Arch Cape Beach T34 5073650 425150  0.095 0.366
Cove Beach T36 5070000 424700  0.067 0.599
Beverly Beach T27 4953150 416250  0.203 0.818
Moolack Beach T26 4950400 415950 NONE

58th Street T28a 4947900 415300 NONE

58th Street T28b 4947900 415300 0.219 0.807
Agate Cove T15 4946950 415950  0.082 0.441
Agate Wayside T186 4945550 416150  0.065 0.387
Nye T17 4943300 415750 0.164 ' 0.732
Holiday Beach T20 4936650 415250  0.222 0.727
Ona Beach T19 4932600 414750  0.192 0.812
Lost Creek Wayside ~ T18 4930000 414500  0.199 0.785
Seal Rocks T21 4928600 414150 0.164 0.801
Otter Point Tob 4700950 382700 0.184 0.599
Crescent City South ~ T10b 4618700 404750  0.233 0.304
Trinidad T2 4545650 403400  0.209 0.603
Centerville T 4492050 386000 0.245 0.559
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o N

Ll_] 4

— ] MEAN GRAIN SIZE OF BEACH

o 4 AND TERRACE SANDS FROM THE

= 15 ] KALALOCH CELL

- .o 7

- .

= 3

= .

1.0

L 3

™~ ]

w ]

= 3 .

-<—E‘O.5 ]

o ]

O h o

= 3] — °

'\jl(_.l —TITII!]II]Illl]ll!l‘]llllflll|T‘KTII|YIIT1
= 5250000 5260000 5270000 5280000 5230000

UTM DISTANCE IN METERS

Figure 54. Beach and terrace grain size versus

distance for the Kalaloch Cell.



©
o

MEAN GRAIN SIZE OF BEACH
AND TERRACE SANDS OF THE
CANNON BEACH CELL

o o
. >

o©
[N

llllIlllllllllllllIIllllllllllllllllll]Lllllllllll

-5

©
i

MEAN GRAIN SIZE IN MILLIMETERS

o0
o)}
©

AL S S SN S SO S A A S S R AR S A B AN M SR St S B (D Gun AN N B S S SN S

000 5073000 5077000 5081000 508500(

UTM DISTANCE IN METERS

Figqure 55. Beach and terrace grain size versus
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Figure 57. Beach and terrace grain size versus
distance for the Newport Cell.
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Figure 58. Beach and terrace grain size versus
distance for the Gold Beach Cell.
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Figure 59. Beach and terrace grain size versus
distance for the Crescent City cCell.
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0.122 and 0.170 mm in the Newport Cell, with an average mean
grain size of 0.149 mm. For the Gold Beach Cell, mean grain
size ranges between 0.177 and 0.426 mm, with an average mean
grain size of 0.293. The average mean grain size of beach
samples collected from the Crescent City Cell is 0.122 mn,
with mean grain size ranging from 0.113 to 0.134 mm. The
mean grain size of beach samples in the Eureka Cell ranges
between 0.120 and 0.595 mm, with an average mean grain size
of 0.244 mm.

The average mean grain size of terrace sand samples
collected in the Kalaloch Cell is 0.271 mm with a range in
mean grain size between 0.143 and 0.503 mm. Terrace samples
of the Cannon Beach Cell have a mean grain size range of
0.067 to 0.149 mm with an average mean grain size of 0.104
mm. Of the terrace samples collected from the Otter Rock
Cell, only two contained sand. The majority of sea cliff
sites there are composed of mudstones. The mean grain size
of these samples are 0.203 and 0.219 mm, for an average of
0.211 mm. The mean grain size of terrace samples from the
Newport Cell ranges from 0.065 to 0.222 mm with an average
mean grain size of 0.155. The single terrace sand sample
collected at Otter Point in the Gold Beach Cell has a mean
grain size of 0.184 mm. The mean grain size of the terrace
exposed at the south end of the Crescent City Cell is 0.233
mm. Terrace samples were collected at Centerville Beach and

Trinidad Head in the Eureka Cell. These samples have mean
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grain sizes of 0.245 and 0.209 mm respectively, for an

average of 0.227 mn.
SAND CROSS-SECTIONAL AREA AND VOLUME ESTIMATION

The quantity of sand on a given beach determines to a
large extent its ability to protect bluffs, dunes, and sea
cliffs from erosion by storm surges and wave attack (Komar,
1976). The cross-sectional area of sand at each profile
site was calculated by measuring the area between the upper
beach surface (established by surveying) and the wave cut
platform at depth (established through the seismic
refraction survey). The stable vegetated dune or sea cliff
base was used as the landward limit while the intersection
of estimated MLLW position with the profile was used as the
seaward limit. The three cross-sectional areas calculated
for this study include: 1) the area of sand above MHHW, 2)
the area of sand above MLIW, and 3) the total area of sand.
The cross-sectional areas measured at each profile site, as
well as an analysis of the degree to which the site selected
represents the cell segment (based on beach width) are
presented in Table IV. Figures 61 through 68 show the
relationship between the three sand areas and longshore
distance for each cell. Table IV also shows the longshore
length of the cell sections and the estimated volumes of
sand in those segments determined by multiplying the cell

section lengths by the beach areas. Three volumes are
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calculated: 1) the volume of sand above MHHW, 2) the volume
of sand above MLLW, and 3) the total volume of sand in the
cell segment. A summary table of sand volumes and other
parameters for each cell is presented in Table V. The
Eureka Cell contains the largest total volume of sand of the
eight cells studied with more than 90 million cubic meters.
The La Push Cell has the least total sand in storage with
approximately 655,000 cubic meters. In order of total sand
volume, the cells are ranked in the following order: the
Eureka Cell, the Newport Cell, the Kalaloch Cell, the Gold
Beach Cell, the Cannon Beach Cell, the Crescent City Cell,

the Otter Rock Cell, and the La Push Cell.
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DISCUSSION (ANALYSIS OF SAND DISTRIBUTION)

There is considerable variability in the distribution
of sand within (intracellular) and between (intracellular)
littoral cells of the Pacific Northwest. In order to
determine why sand is distributed in the configuration
present in cells of the Pacific Northwest, an analysis of
the factors which control sand distribution must be
performed on a cell by cell basis. Once the factors which
control sand distributions within cells are addressed,
factors important to intercellular sand distributions will

be examined.

INTRACELLULAR VARIABILITY OF SAND DISTRIBUTION

La Push Cell

Figure 61 shows the cross-sectional areas of beach
sand as measured at each of the four profile sites in the La
Push Cell. The La Push Cell shows a reversal in the
quantity of sand within portions of the profile over the
cell length. The total area of sand and the area of sand
above MLLW decrease to the south within the cell (r= 0.93)
while the sand above MHHW increases to the south (r= -0.88).
Throughout most of the cell, the sand lies above MLLW. Only
North Rialto Beach (N5310050) has a substantial amount of

sand below MLLW as can be seen from the divergence of the
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lines representing MLLW and total sand volumes. This
condition arises since the upper surface of the wave-cut
platform lies at or above the MLLW level.

The mid-beachface slope (r= 0.82) and mean grain size
of the beach sands (r= 0.95) decrease to the south within
the cell (see Figures 45 and 53). The maximum mid-beach
face slopes range between 4.43% and 5.21% at the north end
of the cell where the mean grain size is greater than 0.7
mm. At the south end of the cell the slope ranges between
1.46% and 2.72% while mean grain size is approximately 0.164
mm.

Although sediment discharge rates and the hydraulic
factor are not available for the Quillayute River, visual
inspection of the river indicates that the Quillayute River
estuary is dominated by the river which is actively
supplying sand to the beaches nearest the river mouth. A
comparison of beach width and terrace height for the La Push
Cell shows that there is no obvious relationship (r= -0.37)
between these two variables (Figure 69).

The orientation of the beach generally decreases from
the Quateata headland north to the Quillayute River mouth
(r= -0.99) and again from the river mouth to the north end
of the cell (r= -0.93; Figures 5 and 37). Figure 37 shows
that the orientation of the La Push Cell shoreline changes
abruptly at the Quillayute River mouth (N5307000 to

N5307200). This is due primarily to the deposition of sand
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supplied by the Quillayute River in the sheltered area
behind the large sea stack (James Island) just offshore of
the river mouth (see Figure 5).

The affects of the 1983 E1l Nifio on the La Push Cell
can be seen in Figures 18 and 26. A small change in beach
width occurred between N5307000 to N5307900 and just south
of the mouth of the Quillayute River. For the most part,
there appears to be little change in beach width from 1977
to 1985 in the La Push Cell.

The La Push Cell is characterized by narrow, steep,
coarse grained beaches in the north half of the cell, and
wide, gently sloping, finer grained beaches in the southern
half of the cell (Figures 45 and 53). The total sand volume
per linear meter of shoreline decreases from north to south
while the volume of sand above MHHW increases to the south.
North of the Quillayute River mouth the beaches show signs
of substantial erosion (Tom Terich, personal communication,
1989) while the southern half shows no evidence of recent
erosion and contains a narrow dune field. The 1983 El Nifio
appears to have had little effect on the distribution of
beach sands within the cell. The Quillayute River appears
to be the major source of sand to the cell at present.

Based on sand accumulation (location of zones of highest
sand volume) and beach grain size, the net transport
direction of sediments within the La Push Cell appears to be

to the north and south away from the Quillayute River mouth.
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Kalaloch Cell

Figure 62 shows the distribution of sand volume per
meter of shoreline for the Kalaloch Cell. Of the
approximately 11 million cubic meters of sand present in the
Kalaloch Cell, most of the variability in sand volume comes
from the variation of the wave-cut platform depth. The
Kalaloch Beach profile has the largest store of sand below
MLLW within the cell (1071 cubic meters per meter .
shoreline). At the Kalaloch profile the wave cut platform
reaches a depth of -7.5 m MTL (see Appendix II). The Little
Hogsback profile has the least total sand with 15 cubic
meters per meter of shoreline. The wave-cut platform is
visible within the swash and surf zones during low tide.
Excluding the Little Hogsback area, the Kalaloch Cell shows
moderate variability in the volume of sand above MLLW and
MHHW along shore. For example, the volume of sand per meter

longshore ranges between 100 and 275 m3 for sand above MLLW,
and between 20 and 91 m3 for sand above MHHW. The Little

Hogsback profile shows a sand volume of 20 cubic meters
above MLLW and there is essentially no sand above MHHW.

This is also an area of dramatic sea cliff mass wasting,
demonstrating qualitatively, the lack of correlation between
sea cliff retreat and beach sand supply in this part of the

cell.
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The mid-beachface slope varies only slightly
throughout the Kalaloch Cell, reaching a maximum of 1.89% at
the Beach #4 profile (see Figure 46). The minimum value
occurs at South Beach where the slope is 1.57%. In contrast
to the relatively constant mid-beachface slope, the mean
grain size of beach sands from the Kalaloch Cell increases
greatly at the north end of the cell (see Figure 54),
reaching a maximum of 1.79 mm at Ruby Beach (r= 0.97)f The
southern two-thirds of the cell varies only slightly (0.122
to 0.158 mm) and shows no apparent trends along shore (r= -
0.48). Clearly, the large increase in mean grain size is
not reflected in the mid-beachface slopes for the northern
portion of the cell. Although the maximum slope a beach
face can attain is related to the grain size of the
sediments of which it is made, not all beaches in the
Kalaloch Cell have attained the maximum possible slope.
This is possibly due to the shallow wave cut platform depth
and the lack of wave swash percolation in the swash zone.

The mean grain sizes of terrace sand in the Kalaloch
Cell decrease to the north (r= -0.97), in direct contrast to
the beach grain size (Figure 54). Were there a direct
correlation between terrace grain size and adjacent beach
grain size, one might speculate that the terraces were
contributing some component of the beach sand present. The
fact that there appears to be a negative correlation between

'beach and terrace grain size indicates that terraces are not
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large contributors of sand to the beaches at present. There
is no correlation between beach width and terrace height
within the Kalaloch Cell (r= =0.003; Figure 70). If there
were a significant positive or negative correlation between
beach width and terrace height, one might conclude that
either the higher terraces had more sand material to
contribute to the adjacent beaches or that the more
resistant terraces which stand in relief are not able to
contribute sands to the beaches. Another possibility is
that longshore currents are effectively transporting any
sands contributed to the beach and thus the system has been
homogenized throughout much of the cell.

Visual inspection of the major drainage systems
entering the Kalaloch Cell reveals that the Queets and Hoh
Rivers are fluvially dominated. Aside from possible
offshore sources of beach sand these rivers appear to be the
only major potential sources of sediment to the beaches at
present. Because the total volume of sand on a beach and
even the amount of sand above MLLW is affected by the
elevation of the wave-cut platform, the quantity of sand
above MHHW can be a better indicator of the influence of
various sand sources contribute. The volume of beach sand
above MHHW is greatest in the area adjacent to the Queets
River mouth, indicating that these beaches are being

supplied only up to N5277000 by sand from these sources.
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distance for the Kalaloch Cell.
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A progradation of beaches from approximately N5263000
to the north end of the cell (Figures 19 and 27) occurred
during the 1983 El Nifio. South of this point there is a .
zone of decrease in beach width (N5256500 to N5263000)
suggesting that this was the source of anomalous sand supply
to the north. The 1989 survey data tentatively (see Figure
19) suggests that the cell has readjusted to pre~-El Nifio
beach widths.

The shoreline orientation is relatively constant
throughout most of the cell (see Figure 38) averaging
approximately 255 degrees azimuth. At the south and north
ends (north of Brown's Point) of the cell the shoreline
orientation becomes more variable and changes gradually to
face more directly north and south respectively (see Figure
6) .

The Kalaloch Cell is characterized by continuous, fine
grained beaches of variable width throughout much of the
cell, with narrow, coarse grain size beaches at the northern
end of the cell. The mid-beachface slopes of beaches in the
Kalaloch Cell vary little, even in the north end of the cell
where the mean grain size is nearly 1.8 mm. Through
comparison of terrace height to beach width and terrace mean
grain size to beach mean grain size, it appears that the
terraces, though present throughout much of the.cell, have
little effect on adjacent beaches in terms of sand supply.

Based on beach sediment volumes per meter shoreline, the
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major sources of sediments to the Kalaloch Cell appear to be
the Queets and Hoh Rivers. Orientation varies little
throughout most of the cell and appears not to be a factor
in controlling either beach width or volume. Based on beach
grain size trends and sand accumulation (location of largest
sand volumes), it appears that the northern third of the
Kalaloch Cell may have a net southward transport of
sediment, while the southern two-thirds of the cell shows
net transport to the north. The abrupt change in grain size
north of Brown's Point indicates that Brown's Point may be

acting as a sub-cell boundary.

Cannon Beach Cell

The Cannon Beach Cell contains approximately 4 million
cubic meters of sand of which nearly 30% presently resides
in the northernmost 2 km at Chapman Beach (Figure 63).
Beach volumes decrease sharply south to Tolovana Beach (see
Figures 7 and 63). From Tolovana Beach to the south end of
the cell, beach volumes are less variable. The total sand
volumes in these profiles ranges between 338 and 162 cubic
meters per meter shoreline. There is a decrease in the
total volume of sand per meter shoreline to the south within
the cell (r= -.78). The sand above MLLW decreases to the
south within the cell (r= -0.85) from 729 at Chapman Beach
to 85 cubic meters/meter at Cove Beach. Except at Chapman
Beach, there is very little sand above MHHW in the Cannon

Beach Cell (Figure 63). The amount of sand above MHHW
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ranges between 45 and 15 nﬁ/m for the Tolovana to Cove Beach
cell segment.

Chapman Beach is the widest beach in the cell
averaging 225 meters from 1989 survey data (see Figure 7 and
Table I). Beach width decreases south of Chapman Beach to
Cove Beach which averages 49 meters. The Cannon Beach Cell
showed marked changes in beach width following the 1983 El1
Nifo (see Figures 20 and 28). The area south of Silver
Point and the Chapman Beach at the northern end of the cell
showed increases in beach width while the area between
Silver Point and Humbug Point, and the southern end of the
cell showed decreases in beach width. From 1989 aerial
photograph data it can be seen that beaches north of Hug
Point have begun to readjust to more closely resemble their
1978 configqurations. Although the northern beaches are
generally still wider than in 1978, the sand has become more
evenly distributed following the 1985 photo period. The
Silver Point to Humbug Point segment which showed the most
drastic removal of sand has completely recovered and is in
fact wider than it was in 1978 (see Figure 28). South of
Hug Point the beaches still have not attained their pre-1983
widths. It is possible that Hug Point is acting as a one-
way valve to sediment transport in the Cannon Beach Cell.
Sand is allowed to move around it to the north but less
effectively to the south. During anomalous climatic

periods, the sediment transport rate increases, causing
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rapid changes in beach width. A comparison of beach width
and terrace height reveals no obvious correlations between
these two variables (r= 0.05; Figure 71), even though a lack
of rivers entering this cell implies total sand supply is
from sea cliff sources.

The slope of the mid-beachface varies slightly from
1.63% at the south end of the cell to 1.14% at the north
(Figure 47). The mean grain size of beach sands varies only
slightly (0.152 to 0.187 mm) throughout the cell (Figure 55)
while terrace grain size steadily increases from 0.067 mm at
Cove Beach to 0.149 mm at Arcadia Beach (r= -0.99). 1If
terraces are providing a significant portion of the sand on
the beaches of the Cannon Beach Cell, then a significant
portion of the finer fraction of these terrace sands are
being removed from the system in order to produce the beach
grain sizes seen at present. The lack of any significant
streams entering this cell precludes any significant fluvial
sand supply from such sources.

Orientation of the shoreline, although somewhat

variable, averages approximately 270° Az (Figure 39) and is

consistent throughout the cell.

The Cannon Beach Cell is characterized by narrow, flat
beaches throughout much of the cell with a general increase
in beach width to the north. Sand volumes and beach widths
are at a maximum at the extreme north end of the cell

indicating sand is accumulating within this zone. Because
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Figure 71. Beach width and terrace height versus
distance for the Cannon Beach Cell.
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this zone of accumulation is just south of the northernmost
barrier to sediment transport, the predominant transport
direction of sediment within this cell is likely to the
north. At Chapman Beach there is a large dune complex which
is actively growing at present. The rest of the cell has
lower sand volumes. Erosion (beach sand removal and terrace
retreat) is a persistent problem for most areas within the
cell (except the Chapman Beach area) because changes in the
shoreline results in damage to the heavily developed
shoreline. The areas most affected by erosion are those
areas with the least quantity of sand above MHHW within the
cell. The Tolovana area, with only 15 cubic meters of sand
above MHHW per meter shoreline, has been fortified with rip-
rap revetments and low sea walls to prevent further landward
erosion. The present sources of sands to the cell, if there
are any, are unknown. There are no significant drainage
systems entering the cell and there appears to be little
contribution of sands by the erosion of the low terrace
which runs the length of the cell. Diminished exposure of
this terrace by shoreline protection structures will reduce

future sand supply from remaining terrace deposits.

Otter Rock Cell

The Otter Rock Cell contains approximately 680,232 m

of total sand (Table V). Because the cell is formed atop a

very shallow wave cut platform, virtually all of this sand



