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BEACH FILL PLANNING - BRUNSWICK COUNTY, NOKTII CAROLINA

Limberios Vallianos, Chief, Coastal Engineer inn Studies Section,
Wilmington District, U.S. Army Corps of i:in;ineers

ABSTRACT

Planning has recently been completed for a shore protection project
along a 9-mile (14.5 km) reach of shoreline fronting the Towns of
Yaupon Beach and Long Beach in Brunswick County, North Cnrollna.
The investigative program related to this planning effort embodied
numerous interrelated elements which, on Integration, resulted in a
rational engineering design having a continuous beach fill as the
central feature. Specifically, the investigation included: (a)
definition of the environment, viz, wind, waves, storm tide frequen
cies, beach profile characteristics, shore processes, and ecological
habitats along the proposed project area as well .is in potential
beach fill sources; (b) Designs and cost estimates including
establishment of various fill profile configurations, cost optimiza
tion of fill positions, evaluation of the frequency of shoreline
retreat and the attendant displacement of fill materials, evaluation
of the compatability of materials from various fill sources with the
natural beach materials, environmental Impact studies, and economic
studies; and (c) Final plan formulation arriving at the optimum
fill plan in terms of engineering functionality, economics, and
minimal adverse environmental impacts.

INTRODUCTION

The coastline of the State of North Carolina, U.S.A., is highly
exposed to the effects of storm tides and waves attendant with the
intense tropical cyclones (hurricanes) that frequently pass over
or near this particular coastal margin which is characterized,
along its entire length, by a chain of low sandy barrier islands.
Additionally, many sections of this coastline experience severe
erosion problems even during relatively storm-free periods. Notwith
standing the hazards associated with beach erosion and hurricane
generated tides and waves, development along the coast of North
Carolina has, in the past quarter of a century, grown at an unpre
cedented high rate. It is remarked that similar conditions exist
throughout other sections of the U.S. Atlantic and Culf coasts.
Accordingly, the Congress of the United States has authorized the
construction of numerous projects to eliminate or mitigate the
adverse effects created by major storms and/or beach erosion where
such problems exist along highly developed shorelines. One of the
sites for which a combined hurricane protection and beach erosion
control project was authorized is located along a 9-mile (14.5 km)
reach of shoreline fronting the Towns of Yaupon Beach and Long Beach
in Brunswick County, North Carolina (see vicinity map). Preliminary
planning for this project was accomplished in 1965 and resulted in
recommendations to restore the dunes and beach strands in the pro-
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ject area by the artificial placement of fills, and to aaintain the
restored beach by a program of periodic beach replenishment. The
required beach fill for initial project construction and subsequent
replenishment was planned to be obtained from the marshlands backing
the barrier island in the project area.

In 1971, funds were made available for.the detailed preconstruction
planning of the project for Yaupon Beach and Long Beach. At the
cutset of preconstruction planning, it was evident that the initially
?iarsr.ed project would require extensive reevaluation due to changes
ir. conditions following project authorization. Particularly impor
tant in this respect was the realization that beach-fill sources
originally planned for project construction and subsequent beach
replenishment would probably be unacceptable by current standards
pertaining to the preservation of important ecological systens.
These fill sources were exclusively located in biologically produc
tive estuarine areas comprised essentially of intertldal marshlands.
In addition to the important issues concerning fill material acqui
sition, another significant element favoring complete project re-
evaluation was the awareness that some fundamental changes in pro
ject design could possibly be found desirable in light of the in
creased knowledge and experience related to beach-fill design ac
quired subsequent to project authorization. Accordingly, a detailed
assemblage of project alternatives was developed and fully examined
in arriving at the final project recommendations.

"he preconstruction planning effort, a portion of which is described
in this paper, considered the feasibility of standard onshore engi
neering works, viz., seawalls, groins, dune-beach restoration fills,
and combinations thereof. An examination of the possible extensive
use of seawalls on the low barrier island topography indicated that
such an approach would be too costly and esthetically undesirable.
It is remarked that any functional plan involving seawalls would also
require periodic beach replenishment as a minimum measure against
long-term shore erosion. In addition to seawalls, a reexamination
was cade of the feasibility of using groins, exclusive of any other
protective measure, to compartment the entire beach strand fronting
Yaupon and long Beaches. This approach was discounted due to the
strong possibility of aggravating existing erosion along the unpro
tected shore situated immediately east of the project site. Further-
cote, a groin system alone would provide only minimal protection
against the effects of major storms. Accordingly, the assemblage
of project alternatives developed for detailed examination involved,
as a central feature, the utilization of dune and/or beach fill.

A total of 12 basic alternatives and 7 feature alternatives were
completely analyzed during the investigation. These included:
plain dune-beach fills varying in elevation; dune-beach fills in
combination with groins; dune-beach fills and short seawalls at
select locations with and without groin systems; and the stablliza-
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tion of Lockwoods Kolly Inlet (see vicinity map) bv major control
structures in combination with the other shore protection project
alternatives. The project alternatives were evaluated vis-a-vis
nine potential sources of dune-beach fill, including two oceanic
sources, for which detailed assessments were conducted in regard to
the engineering quality of the sediments, cost of acquisition, and
environmental impacts related to the fill acquisition.

The investigation resulted in the recommendation to construct a
continuous dune and beach fill along the 9 miles (14.5 km) of pro
ject shoreline through the artificial placement of approximately
11,000,000 cubic yards (9,200,000 cubic meters) of fill. The east
terminal of the fill would be stabilized by a system of 12 adjust
able groin structures. Similarly, the west fill terminal would be
stabilized by 11 adjustable groins. The dune portion of the fill,
having an elevation of 15 feet (4.6 meters) above mean-sea-level,
would be planted with a suitable grass to prevent the Intrusion of
wind-blown sands into the developed upland area. The project shore
would be stabilized against erosion by a program of periodic beach
fill replenishment involving fill placement at an average annual rate
of approximately 402,000 cubic yards (305,000 cubic meters). Two
basic sources of sedinent have been selected for project construction
and subsequent replenishment. Environmental studies indicate that
there will be little or no adverse environmental impacts associated
with the use of these two areas and that some environmental enhance
ment may result from the acquisition of the proposed fill by dredging
operations. A schematic diagram of the proposed plan is given on
Figure I. Note that the cross-sectional schematic shows four fill
configurations. The selected plan is designated as PLAN-BTG.

ENVIRONMENTAL FACTORS AND CONDITIONS

As mentioned above, the area germane to the project study described
herein is characterized by sandy barrier islands which back upon
elongated lagoons comprised of marshlands and reptilian networks of
tidal channels. These islands are narrow bands having widths vary
ing from about 500 to 1500 feet (150 to 450 meters). The basic
topographic relief of the islands is low and in general does not
exceed an elevation of 10 feet (3 meters) above mean-sea-level
(n.s.l.), except for scattered dunes and the frontal duneline which
Is hummocky and varies widely in elevation from 10 to 30 feet (3 to
9 meters) above m.s.l. The beach strands along the areas of particu
lar interest here ar<- arrow and offer only minimal protection to
the dense ocean fronr •ivelopment, even under conditions prevailing
with moderate extratropical weather disturbances. Specifically,
the beach strand widths at Long Beach and Yaupon Beach are only 66
feet (20 meters) and 44 feet (13 meters), respectively, at the mean
stage of the astronomical tide. Typical conditions along the study
area are illustrated on PHOTO-PLATE I. Brief descriptions of
specific factors and conditions related to the beach and nearshore
zone in the project study area are given below.
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Beach Profile Characteristics. The natural beach hern in the study
area is generally located at an elevation of 8 feet (1.4 meters)
above m.s.l. The average geometric characteristics of the beach
profile seaward of the berm crest are given below. The active beach
profile terminates at a depth of approximately 28 feet (8.5 meters)

ELEVATION RANGE

+ M.S.L.

+8 FT.

TO

M.S.L.

M.S.L.

TO

- 8 FT.

-8 FT.
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-18 FT.
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-24 FT.

-24 n.
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-30 rr.

-30 rr.
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-48 FT.

BEACH PROFILE

SLOPE

IV:10H IV:54H IV: 5811 1V:295H IV:595H IV:2,55011

below m.s.l. The granulomctric properties of surficjal sediments on
the beach profile are generally characterized by the following tab
ulation of phi mean particle sizes and associated standard deviations.

Sample Profile Location
in Feet + M.S.L. 0 -4 -8 -12 -16 -20 -24 -26 -32

Sample Phi Mean Particle
Size 1.45 1.68 1.42 2.16 2.45 1.99 1.26 1.11 1.57

Sample Phi Standard
Deviations 0.51 0.47 0.48 0.51 0.45 0.67 0.51 0.46 0.51

Winds. On an annual basis, winds blow onshore 35.4 percent of the
time and offshore 35.1 percent of the time, the remaining 29.5 per
cent of time accounts for alongshore winds or calm conditions. As
regards onshore winds, 45 percent occur from the southwest, 33 per
cent from the south and 22 percent from the southeast. '..'itli respect
onshore wind speeds, 96 percent arc less than 20 toots, 65 percent
are less than 12 knots, and 33 percent are less than 7 knots.

U'aves. Observed offshore wave data is well correlated with the

overall wind data, as approximately 36.5 percent of all observed
waves are directed onshore. The distribution of onshore deep water
waves in terms of direction is as follows: F.SE - 10%; SSE - 193;
S - 18X, SSW - 19Z; and WSW - 34Z . The percentage distribution of
deep water waves approaching shore with respect to all deepwater
waves in terms of wave height and period is given in the tabulation
below.
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ONSHORE

WAVE

HEIGHTS

(FEET}

ONSHORE WAVE PERIOD (SECONDS)

<6 6-7 8-9. 10-11 12-13 >13 Total

PERCENTAGE OF ALL DEEP WATER OBSERVATIONS

< 3 8.35 1.03 0.32 .06 0.01 0.60 10.37

3-5 10.20 6.08 1.25 • .-34 0.08 0.14 18.00

5-8 0.85 2.37 1.75 .46 0.08 0.06 5.57

8-12 0.19 0.50 0.61 .30 0.17 0 1.77

12-18 0.04 0.19 0.14 .23 0.04 0.04 0.68

> 18 0.04 0 0 .02 0 0 0.06

Total 19.67 10.17 4.07 1.41 0.38 0.84 36.54

The above tabulation shows that 78 percent of the waves which
approach shore from deep water are equal to or less than 5 feet
(1.5 meters) in height, and that 82 percent of the wave periods are
equal to or less than 7 seconds.

Tides. The mean astronomical tide range in the study area is
approximately 4.2 feet (1.3 meters), with a spring tide range of
about 4.8 feet (1.5 meters). Tidal anomalies, particularly those
associated with tropical cyclones (hurricanes), can be quite severe.
For example, Hurricane "Hazel" (15 October 1954) generated a surge
in the study area which reached a still-water-elevation of approx
imately 15 feet (4.6 meters) above m.s.l. Computed tide level-
frequency relationships for the area, calibrated with storms tides
of record, are given below.

TIDE LEVEL

A30VE H.S.L. (FT.) 4.3 4.7 6.5 9.2 11.2 12.4 13.5 14.8 15.6

PERCENT CHANGE

OF OCCURRENCE

ANNUALLY 30 20 10 5 2 1 0.5 0.2 0.1

STUDY INVESTIGATIONS

Investigations related to the study area and alternative solutions
to existing shore problems were conducted over a period of 2-years
and Involved the following, briefly described elements.

Tide Level-Frequency Analysis. Hurricane-surge heights in the
study area were computed for various wind fields having central
pressure indices ranging from 27.36 to 29.00 inches (10.8 to 11.4 cm)
of mercury. Ir. determining the generalized hypothetical hurricane
frequencies, consideration was given to the chance of occurrence of
the storm paths based on hurricane-track records dating from 1887.
Two basic paths of hurricane approach were established and tide
level-frequency curves were computed for each path. A composite
hypothetical curve was then obtained by adding the percent of
occurrences of the two curves for given water levels. Finally, the
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composite curve was adjusted in accordance with the United recorded
tide data that was available. Basic data from the adjusted com
posite curve was presented in the previous section under "Tides".

Winds. Wave Climate, and Shore Processes. Wind data were only of
casual interest in this study as the hlndcasting of wave character
istics was not considered necessary due to the availability of suf
ficient wave data. Records of the U.S. Weather Service Station at
Wilmington, N. C. were compiled for the period January 1948 through
June 1960. These data were found to be generally well correlated with
the direction of wave height data selected for use in the study. In
regard to wave data, 3 sources of information were analyzed to
obtain a representative wave climate for the study area. These
sources included: recorded and visually observed wave information
from a fixed lighttower located approximately 25 nautical miles
(46 kilometers) southeast of the study area; shipboard observations
from both a 1 degree and 10 degree offshore geodetic grid; and
surf observations from two onshore locations near the study area.
The information related to the 1° geodetic grid square 33° - 34° K.,
77 - 78 W. was selected as the best representation of wave clica-
tology applicable to the study area. These wave data were utilized
for wave refraction and alongshore sediment transport analyses. The
wave refraction analysis resulted in the development of approximately
1,460 wave orthogonals. The area covered by the analysis extended
over a shoreline distance of 16 miles encompassing the study area.
Wave rays were refracted toward this shoreline reach from deepwater
directions E. 30 S., E. 60 S., South, S. 30° W., and S. 60° W.
with wave periods of 4, 6, 8, 10, 12, and 14 seconds. For each set
of refraction diagrams, representing a certain wave direction and
period, alongshore sediment transport curves were developed relating
the variability of sand transport to distance along the 16 miles
(26 kilometers) of shoreline studied. This analysis resulted in the
development of 144 sediment transport curves from which two composite
curves were obtained that gave, respectively, easterly and westerly
sediment transport quantities on an average annual basis. The sand
deficit derived from the computed longshore transport regime was
compared to a second and independent analytical computation of sand
sediment deficit based on the assumption of an equilibrium profile, '
the magnitude of shoreline retrogression, and the attendant computed
volumetric losses. The computed alongshore transport deficit
added to the loss of sediment computed for the shore recession
associated with sea level rise compared closely to the total sand
deficit based on overall volumetric losses. Shore recession due to
sea level rise .-as determined generally in accordance with the
method proposed by Bruun, see reference 1.

Designs and Cost Estimates. Important elements of these investiga
tions included: (1) Establishment of design fill profile config
urations on the basis of existing natural profiles obtained by field
surveys; (2) cost optimization of the position of alternative pro
ject fills considering cost Impacts resulting from the interrela
tionships of volumetric requirements, rights-of-way and relocations
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and dur.e back-slope bulkheads fcr fill ccntair.r. r:; (3) analyical
determination of the relationship of shoreline totrcat to irequency
of occurrence (based on storm-tide frequency) for each basic
alternative fill; (4) analytical determination of frequency of
occurrence of voluoctric displacement of fill r.aterial due to stora
action; (5) analytical determination of the probability of stor-.-
displaced fill returning to shore under poststorr wave action; (6)
wave overtopping on fill sections; (7) subsurface exploraticr
in potential fill source areas including six estaurine, one upland,
and two oceanic areas; (8) granulometric analysis of surficial
beach profile samples and potential sediment source samples- (9)
cost analysis of dredging from potential fill sources; (10) selection
of fill sources on basis of interrelated factors of cost, sediment
quality, and environmental considerations; (11) beach replenishment
cost studies in regard to plain beach fills and beach fills compart-
rer.ted with groins; (12) designs and cost estimates for groins,
seawalls, and revetments; and (13) establishment of right-of-way
values and relocation costs.

Econonic Analysis. The economic analysis involved the evaluation of:
(a) physical damages to structures prevented along the upland zone
by each of the basic project fill alternatives in accordance with
water level-frequency and water level-damage relationships established
for the study area; (b) benefits from recreational use of the re
stored beach strand areas with respect to the diminishing benefits
from recreational use of the existing dry beach areas which are
presently eroding; (c) land loss prevention benefits for properties
which presently back the existing beach strands-these properties
would, in time, be subject to erosive conditions in the absence of
erosion-control measures depending on the rates of shoreline retro
gression which are 3.6 feet (1.1 meters) and 5.7 feet (1.7 meters)
per year at Long Beach and Yaupon Beach, respectively; (d) benefits
resulting from a higher utilization of land in those areas in which
development is presently hindered by an obvious threat of beach
erosion"; and (e) local redevelopment benefits computed as the
amortized value of wages of workers hired locally for initial pro
ject construction and subsequent project operations.

Environmental Analysis. The environmental analysis involved the
results of investigations necessary to establish the characteristics
of the existing natural setting, the type and value of the natural
resources therein, and the impacts on the setting and its resources
as a result of project construction and operation. An extensive
resource inventory w.- 'fveloped by literature reviews, field studies,
and consultations wit1 .uthoritative environmental interests. The
study area and its surroundings vere divided into distinct units,
each cf which was assessed in terr.s of ecological considerations
vith recpect to frojcct-related influences. A significant amount cf
the envircrjiental analysis pertains to the evaluation cf potential
project fill sources, leading to the selection of areas in which
acquisition of sediments for project construction and operation
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would not result in unacceptable environmental ir.pacts. For those
areas selected as fill sources, precautionary procedures related to
dredging operations were developed to protect adjacent areas from
possible adverse effects of dredge-generated turbidities. !n
addition to fill acquisition, the environmental analysis assesses
all other aspects of project construction and operation including
the short- and long-term environmental impacts of fill placement on
the shorelines and the construction of groins.

FILL PLAN FORMULATION

The degree of protection afforded by a given fill depends on its
geometry in terras of elevation and volumetric characteristics. The
particular above-water configuration of a fill is chosen to approach
the basic shape of a natural beach; to wit, the fill profile is com
prised of a high landward portion resembling a frontal dune and/or
a flat lower form which has the appearance of a natural beach strand.
Seaward of the limits of normal wave run-up on the- beach face,
nothing can be done in the way of artificially shaping the fill
profiles, as this area is molded in accordance with the interaction
of wave forces and attendant nearshore circulations and the physical
characteristics of the fill materials. The designs of the restora
tion fills are based on the concept that materials placed as fill
will be sorted, by wave action, into restricted size ranges along
the active profile in a fashion similar to that existing on the
natural beach profiles. The degree to which the sorted fills would
approach the same characteristics as the natural beach profiles de
pends on the overall granulccetric characteristics of the fills,
presuming there are no differences in the densities and particle
shapes of the fill and natural materials. All potential fill sources
investigated did possess those characteristics which would allow for
the natural development of profiles approaching those currently
existing along the shore and nearshore zones of the study area.
Accordingly, the design fill profiles were based on the natural
beach profile measurements conducted during the investigation. The
resulting average slope characteristics selected for design purposes
are those described under the preceding section entitled
"Environmental Factors and Conditions". The active beach profile in
the study area was found to extend to seaward depths of about 28
feet (8.5 meters) below m.s.l. Failure to provide sufficient ma
terial volume for entire coverage of the active profile would result
in material being displaced from higher to lower portions of the in-
place fill (following initial placement) making it impossible to
develop the design profile. This would result In a recession of
the design fill shoreline and a reduction in the quantities of raterial
in the beach bern or dune sections of the fill. The net volucetric

quantity of material required to fulfill the needs of a particular
fill section depends on the desired amount of seaward advance of the
fill with respect to the existing profile. In the case where the
sorted fill Is expected to develop characteristics similar to the
natural beach profile, a sufficient amount of net fill must be pro-
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vided so that every point on the sorted fill profile will be equi
distant from a corresponding profile point on the existing natural
profile. For example, if the design profile is to advance the
mean-water line a seaward distance of 100 feet, each point on the
active profile must also be advanced seaward a distance of 100 feet
in order to attain the design fill cross-sectional area. Though
this is a seemingly obvious conclusion, -it is, more often than not,
overlooked in the design of beach fills.

The volumetric requirements and associated costs of each basic fill
alternative depend on the position of its landward limits. If, for
example, the landward toe of the dune fill were placed at the exist
ing high-water line, the volume and associated cost of the fill would
be higher than if the toe of the fill were placed in the upland area.
On the other hand, if the landward toe of the dune is placed in the
upland areas, high costs are incurred due to the necessity to purchase
expensive rights-of-way, relocate structures, or to construct back-
slope bulkheads to retain the dune fill. In order to arrive at the
cost economical position of each of the basic fill alternatives, a
cost optimization scheme was employed that involved a family of four
curves, three of which give, respectively, the relationships of cost
of fill, costs of rights-of-way and relocations, and cost of back-
slope bulkheads, each with respect to various positions of a given fill
as measured from an arbitrary index position. The fourth curve is a
composite of the three curves mentioned above, that is, the fourth
curve represents the total cost of the protective fill for any location.
The minimum point on the total cost curve gives the most economical
position of the restoration fill. An example of the optimization
schene is. given in FIGURE II.

OPTIMIZATION OF «
Fill PpSITION .

FIGURE I

COST OF RIGHT-OF-WAY
AND RELOCATIONS

-20 -10 0
., tANDWARD |

If-,

»10 ♦JO
SEAWARD _

•—I

♦30

IANDWARD TOE OF Fill POSITION IN FEET FROM INOfX POSITION
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In regard to the degree of protection provided by each of the basic
alternative fills, this aspect of plan formulation was accomplished
by an analytical determination of the relationships of fill shore
line retreat with respect to the frequency of occurrence of various
tide levels. The method utilized to determine shoreline retreat-
frequency relationships was similar to the procedure presented by
Edelman in 1968, see reference 2, revised in this case to fit local
conditions. These relationships are presented graphically in FIGURE
III. On the basis of FIGURE III, the alternative fill Plans ATG, BTC,
CTG and DTG have design capabilities associated with storm tide and
wave action having frequencies of occurrence of 0.2, 1.5, 4.0, and
8.0 percent per year, respectively. The short-term but large-scale
shoreline fluctuations occurring with storm action, as demonstrated
graphically on FIGURE III, are accompanied with the offshore dis
placement of sediments. The relationships of volumetric displace
ment with respect to frequency of occurrence of storm tides and waves
are given on FIGURE IV. It is of interest to note that analytical
results indicate that the volumetric displacement of dune and/or
beach material in an offshore direction is independent of the fill
configuration. These findings agree with general observations that
dunes function as sand reservoirs during storm retreat of beach
profiles and thereby reduce the recessions that would occur in the
absence of dunes. The frequency of volumetric displacements is
particularly Important in determining project maintenance costs on
an average annual basis. Natural poststorm restoration is a well
known phenomenon. However, the degree of natural beach restoration
for a particular site is generally unknown. For the Yaupon and
Long Beach project, analytical investigations were conducted to
determine the capabilities of the normal wave climate to return ma
terials to the shore following storm displacement. The analysis was
conducted in accordance with methods presented by Johnson and
Eagleson in reference 3. In this case it was found that, for all
practical purposes, materials displaced by storms would return to
the shores. Of course, the hydraulic restorative agents cannot
return"materials to the higher portions of a dune and beach fill.
In a purely natural situation the lower beach forms are restored over
relatively short periods of time (several days to several months)
depending on the severity of a particular storm and the character
istics of the poststorm wave action. The natural dunes generally
rrecover from storm effects at a slower rate than the lower beach

zone as their restoration is dependent on wind speed, directicn,
and the availability of finer fractions of the beach sediments.
Since it would be desirable to attain project protection as soon
as possible following storm recessions, the average annual amounts
of material displaced from the basic alternative fill sections,
above the natural beach berm level of +9 ft. m.s.l., were determined

and costs computed to mechanically redistribute that material to the
higher portions of the design profiles.

Beach materials and fill sources. All potential sources of fill in
the general vicinity of the project site were investigated. These
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sources are referred to as potential borrow areas, and are designated
by the abbreviation PBA. A total of nine potential borrow areas,
designated PBA-A through PBA-I, were involved in the investigation.
The subsurface exploration of materials contained in the various
potential borrow areas has been mentioned. The collection of a

representative set of material sairples was required in order to con
duct a comparative analysis between the granulometric properties of
the fill sources and the natural or native beach materials, and
thereby determine the compatibility of the fill materials with re
spect to the nearshore environment. In this connection, the wave-
sorting phenomenon - involving the segregation of the discrete
particles comprising the beach and nearshore bottom into restricted
size ranges along the active profile - is of price Importance in the
conceptual formulation of beach fills. Since the natural beach,
including the nearshore bottom, is the end product of a distribution
process which acted upon a particular source of material over some
period of time, it is reasonable to assume that if a composite ma
terial possessing the average characteristics of beach material
were placed along the shore, the prevailing hydraulic forces would
tend to sort that composite material into a distribution having the
characteristics observed on the natural beach. Accordingly, the
first part of the fill-source material analysis involves defining
the general characteristics of the native material. The second part
of the analysis involves the determination of the characteristics
of the various source materials and their compatibility with the
nearshore environment as reflected by the distribution character
istics of the native beach material.

The native beach material characteristics were determined from 170

surficial samples obtained from 10 profile range lines spaced at
intervals of 6,000 feet (1.8 km) along the project and adjacent shore
lines. The samples were obtained from 17 discrete profile points lo
cated between the beach berm crest and the 32-foot m.s.l. depth con
tour on each range line. Samples from the PEA's were obtained from 79
subsurface and submarine cores, from which 750 samples were selected
for laboratory analysis. Locations of submarine cores were deter
mined by an analysis of a sonic geophysical survey. The basic
statistical parameters describing the characteristics of beach and
fill-source particle size distributions are mean particle size,
standard deviation, and variance. These parameters are applied to
the "Log Normal Size Distribution Model" (see reference 4) which
defines the compatibility of a particular fill material with respect
to beach material in terms of a value referred to as the "critical
ratio." This value is the ratio of the total volume of material
placed as fill to the net volume of fill remaining in-place after
natural hydraulic sorting action has taken place. In arriving at the
gross volume of. material required from a given source to obtain a net
design volume in the fill section, it is also necessary to consider
the quantity of silts and clays within the basic material source that
would remain in suspension after discharge from the dredge pipeline
and not deposit within the fill section. Therefore, the quantity of
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sandy material within the potential fill source;: was determined and
the respective "critical ratios" were based only on these settleable
fractions of the source material. Accordingly, a net unit volume
of material in the fill section, following initial placement and
subsequent hydraulic sorting action, would require the removal of
the number of unit volumes of source material given by the ratio
"critical ratio'Vfraction sandy material. For example, if the
"critical ratio" is 1.4 and the percent sand (settleable material)
in the fill source is 70 percent, approximately 2.0 cubic yards of
source material are required to obtain 1.0 cubic yard of net fill
in the design section. Therefore, if the unit cost of dredging and
placing material on the project shore is $1.00 per cubic yard for a
borrow area having the material characteristic described above, the
cost of an effective unit volume of material from that borrow area
would be $2.00 per cubic yard.

The selection of a source or combination of sources for the acquisi
tion of project fill was dependent on environmental considerations
as well as the cost and interrelated material suitability aspects
mentioned above. The cost estimate computations involved a detailed
analysis of each potential borrow area (TBA) including the cost cf
mobilization and demobilization of primary and booster pumping units
and the direct cost of pumping on a unit cost basis. The cost of an
effective unit volume for the design section was then determined for
each PBA on the basis of the respective "critical ratios" and
fraction of settleable materials. The full results of environmental
investigations are too lengthy for explanation herein; however, it
will suffice to state here that: (a) PBA's -E, -F, -G, -H, and -I
are ecologically important to the natural resource base of the
Southeastern Coastal Zone of Korth Carolina, and that acquisition of
sediments in these areas for project construction and/or subsequent
beach replenishment would be highly injurious to the ecosystems
involved; and (b) PBA's -A, -B, -C, and -D arc areas in which dredging
activities would have little or no significant short- or long-term
environmental impacts. A summary of the elements necessary for the
rational selection of project fill sources is given below in table 1.
Op the basis of the information summarized in table 1, PEA's -A and
-B were selected as the project fill sources.
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Gross unit Adverse
volumes of Cost of an impacts on

Potential material effective environmental
borrow per unit unit volume resources if
area volume of of net fill area is
(PBA) net fill ($) dredged

A 1.40 0.45 Not significant
B 1.24 0.81 Not significant
C 1.51 1.86 Not significant
D 4.93 2.66 Not significant
E 1.62 0.63 Significant
F 3.32 1.30 Significant
G 4.80 1.58 Significant
H 3.90 1.29 Significant
I 2.45 0.81 Significant

The gross volume of material available within PBA-A amounts to
approximately 1,900,000 cubic yards. The remaining quantity of
material required for a given basic alternative fill must be ob
tained from PBA-B. The volumetric relationships are given in
table 2.

TABLE 2

Gross volumetric

requirements
(cu. yds.)

17,620,000
11,000,000
8,670,000
8,350.000

Gross volume of

material in PBA-A

(cu. yds.)
1,900,000
1,900,000
1,900,000
1.900.000

Gross fill requirement
from PBA-B (cu. yds.)

15,720,000
9,100,000
6,770,000
6,450.000

Selection of fill plan BTC was based on the comparison of excess
annual benefits of the various fill plans. Excess annual benefits
are defined as the difference between total annual benefits and
annual costs which include the capitalized cost of initial construc
tion and annual operating costs.

Beach replenishment (nourishment). Beach nourishment requirements
were determined on the basis of computed average annual shoreline
recession rates. To convert shoreline recession to corresponding
volumetric loss, the entire beach profile, extending from che berm
crest to the 28 ft. m.s.l. offshore depth contour, was assumed to
retrogress at the same rate as the shoreline. In other words, an
equilibrium profile was assumed to exist. The assumption of the
existence of an equilibrium profile condition was supported by the
close comparison of the results of the two independent sediment
deficit computations. The first computational approach utilized the
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histcric shoreline changes ar.d the seconc .ip; r> .n.: ' . h;r... . '..:•;•-
shore transport deficits with sediront los-•«:. d-< :••- a t: -t lr. ,ca
level. On the assumption of an equilibrium profile c;.r.dit:cr. ar.d
the average characteristics of profiles surveyed in the study area,
the computed loss of beach material attending a shoreline recession
of 1 foot is 1.54 cubic yards (1.2 cubic meters) per lineal :cot
(0.3 m) of beachfront. Applying this volumetric loss quantity to
the average annual recession rates of 3.6 feet and 5.7 feet fcr
Long Beach ar.d the general Yaupon Beach area, the respective average
annual volumetric losses are 5.54 cubic yards (4.2 cu.ra.) and 8.78
cubic yards (6.7 cu.m.) per lineal foot of shore. Or. the basis of
shoreline distances, the average annual beach replenishment demcr.d
would be 288,600 cubic yards (221,000 cu.m.) for a continuous fill
extending from Lockwoods Folly Inlet to and including the shores of
Yaupon Beach. The replenishment rate given above is based on the
existing shoreline, and in order for the estimated replenishment
value to be valid for a project fill, the fill must have an align
ment which follows, as closely as possible, the natural shore align
ment. The natural coastline configuration is the product of a long-
term process involving the interaction of sediments comprising the
shore and the nearshore hydraulic forces. If a fill alters the
basic coastline orientation, there will be a natural reaction tend
ing to restore the shore to its prior alignment. Usually, such a
reaction results in higher erosion rates than had been experienced
by the natural shore. Accordingly, in positioning the basic alter
native project fills, care was exercised in maintaining the same
shoreline configuration existing along the natural coast. However,
adherence to this basic approach is not possible at the extremeties
of a fill' which must terminate at some point beyond which the natural
coast continues. At such a point, a transition to the natural coast
must be effected which necessarily requires a deviation from the
natural shore alignment. The differences in alongshore transport at
and near a fill transition were analyzed on the basis of fill tran
sition and wave angularities. In general, if the fill transition is
very gradual the difference in alongshore processes between the na
tural shore and the transition will be relatively small. Conversely,
a sharp transition results in significant changes in alongshore
transport rates resulting in rapid erosion of the transition.
However, the relationships of different transitions in terms of cost
are not simply functions of transition angularity with respect to
normal shore alignment. For example, a very gradual transition is
lengthy and the initial cost of fill to develop the transition is
high. Also, though the erosion rate per unit length of transition
may be only slightly higher than the normal shore erosion rate, the
large length of a gradual transition could require a considerable
periodic replenishment rate. On the other hand, a somewhat sharper
transition having a shorter length and lower initial costs could
also have a lower overall replenishment requirement due to its
shorter length, notwithstanding the possibility that the erosion rate
per unit length of this transition is greater than the more gradual
transition. In view of the possibilities mentioned above, a cost
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optimization scheme was required to determine Ihe most ernnnmir.il
fill transitions. The optimum east and west transitions oT a con
tinuous fill along the shores of Yaupon and Long lirai lies wore found
to be, respectively, 4,240 feet (1290 m.) ami 4,000 fret (1220 ra.) in
length and to have computed replenishment requirements of 87,200 cubic
yards and 115,000 cubic yards per year. The al temail vc to a plain
beach transition zone is to employ a small, tapered j;roln system
which allows for shortening of the transition sections. Such groin
systems were evaluated and found to be the most economic means o(
effecting the fill transitions, based on the assumption that the
compartmented transition fills would adjust to normal shore align
ments and, therefore, could be maintained hy a beach replenishment
rate equivalent to the natural erosion rate in the vicinity of the
proposed transitions. Accordingly, terminal groin systems were
adopted for the overall fill plan. The total volumetric beach re
plenishment needs for the proposed fill along Yaupon and Long Beaches,
amounts to 289,500 cubic yards (220,000 cu.m.) per year. Of this
amount, 30,000 cubic yards (23,000 cu.m.) would he obtained from
PBA-A which represents the estimated deposition of littoral materials
flushed to and deposited in that area by tidal flow through I.ockwoods
Folly Inlet. The remaining 259,500 cubic yards (197.000 cu.m.) per
year would be obtained from materials in PBA-B. On the basis of the
material characteristics in PBA-B, the gross volume of material re
quired to yield 259,500 cubic yards of sorted beach fill would be
321,800 cubic yards (245,000 cu.m.). Thus, the gross average annual
volume of beach replenishment materials to be obtained from PBA's -
A and B would amount to approximately 402,000 cubic yards (305,000
cu.m.). The tentative schedule was to accomplish periodic beach re
plenishment at 3-year intervals, with each operation involving the
placement of 1,206,000 cubic yards along the project fill.

COORDINATION

The Wilmington District's project coordination efforts during
the course of this CDM investigation included numerous meetings,
exchanges of correspondence and telephonic communications with State
representatives, local governmental and private interests, and other
Federal agencies. Listed below, in chronological order, are impor
tant coordination meetings held or attended by the Wilmington Dis
trict in connection with this investigation:

a- 17 September 1971. A meeting was held ,u the Brunswick
County Commissioners' offices in Southport, N. C. in order to pre
sent a status report on preconstruction planning of the Brunswick
County Beaches projects. Represented were: (a) Members of the
Brunswick County Board of Commissioners; (b) municipal officials of
the towns of Yaupon Beach, Long Beach, Holden Beach, Ocean Isle
Beach, and Sunset Beach; (c) private individuals residing in the
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Si»U8cC°£2Jtaf?UBi:t5e" °f Brunswlck County; (d) officials ofuTJi, ^ ~pa£taent of Natural and Economic Resources. Office of
water and Air Resources; and (e) the press.

a-ea ta l°!!T?er ^ Afle'W trlp Bs inducted to the studya.ea in order to inspect potential fill sources Tor the specific
£«E?!!*!J a^un"S"? assesSBCnt ot possible environmental impacts
llllt, fd Wlth f0?015"10" «* «" «aterlal from such areas. Rep-
thf f, i UTl U) The U* S* Environmental Protection Agency; (b)
o? cLL£faT«:Wll^1Ce ServlCC' 0SDI: lc) the «• C Divisionof Commercial and Sports Fisheries. Department of Natural and Eco
nomic Resources; and (d) the N. c. Wildlife Resources Commission.

t^rS'^r? J"?e 1?I2, AmeetlnS was held at the Wilmington Dls-
£:«»« !• »w°r?.er t0 present the baslc result* of the ODH Investigation to the N. C. Board of Water and Air Resources. Repre-
'^r1 ial ?e N« C' Board ot Hat«- and Air Resources; (b)

J. C. Office of Water and Air Resources. Department of Katural and
"™'lc„^sources; (c) the Brunswick County Board of Coraissioners;

(d) the Cape Pear Council of Governments (representing Brunswick,
tew Hanover, Columbus, and Pender Counties); (e) officials and prl-
Va!e,i?divlduals from the coastal communities of Brunwick County;
and (f) the press and television media.

d. 16 June 1972. A public meeting was conducted at-the
Brunswick County Courthouse. Southport, K. C. for the purpose of
presenting the results of the GDM investigation. Represented were:
(a) Private interests and municipal officials of the coastal com-
munities of Brunswick County; (b) the Brunswick County Coimission-
ers; (c) the M. C. Office of Water and Air Resources and the M. C
Office of Recreation Resources, Department of Natural and Economic
Resources; and (d) the pres3 and television media. Minutes of this
meeting accompany this report as a separate document.

e. 1» November 1972. A meeting was held at the Town Hall of
the town of long Beach for the purpose of discussing project terms
of local cooperation with officials of the towns of Long Beach and
Yaupon Beach. Represented were: (a) Officials of the municipal
governments of Yaupon and Long Beaches and (b) the N. C. Office of
Water and Air Resources.

,9

t. 9 February 1973. A meeting was held in the Wilmington Dis
trict offices for the purpose of discussing the agreement, to be
signed by the project sponsor, which would give assurances of non-
Federal cooperation in the project construction and operation. Rep
resented were: (a) The N. C. Office of Water and Air Resources, De
partment of Natural and Economic Resources; (b) the N. C. Attorney
General's Office; and (c) legal and real estate representatives of
the U. S. Arm} Engineer District, Savannah, furnishing support to
the Wilmington District in such matters.
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In connection with the last meeting listed above, ft is remarked
that the State of North Carolina proposed to art as the non-Federal
sponsor of the Federally authorized shore improvements at Yaupon and
Long Beaches and, accordingly, the State would l>.- the party furnish
ing assurances of non-Federal project cooperation so the Secretary
of the Army.

An important aspect of project coordination with State and other
Federal agencies relates to the protection of environmental re
sources in conjunction with project construction and operation.
Particularly important in this respect was the selection of suitable
fill sources and, as shown above, a field trip was conducted to the
study area on 30 November 1971 in order that all Federal and State
agencies having environmental interests would have an opportunity
to inspect potential sources of fill material and assist in the-
selection of suitable sources. The first response was made by the
U. S. Environmental Protection Agency (EPA) by letter dated Decem
ber 15, 1971 and signed by the Chief, Federal Facilities Branch,
EPA Region IV, Atlanta. This response was favorable with respect
to the acquisition of material at the "mouth of the I.ockwoods Folly
Inlet" (PBA-A) and "the former spoil site located along the north
side of the Intracoastal Waterway" (PBA-B). Acceptability of
PBA's -A and -B as fill sources was concurred in by the N. C.
Wildlife Resources Commission by letters dated December 23, 1971
and January 27, 1972. The U. S. Fish and Wildlife Service responded
by letter dated August 11, 1972 and concurred in the acceptability
of PBA's -A and -B as fill sources. Mr. Walt Godwin, a representa
tive of the N. C. Division of Commercial and Sports Fisheries, De
partment of Natural and Economic Resources, comments favorably with
respect to utilization of PBA's -A and -B in an in-house memorandum
dated December 31, 1971. In addition to considerations of natural
resources within fill source areas, the Wilmington District re
quested an archeological study of the fill source's for the project.
This request was made to the Southeast Archeological Center, National
Park Service, USDI.

Further inquiries regarding the possible archeological importance
of the beach fill sources were made to Professor J. L. Coe, Director,
Research Laboratories of Anthropology, University of North Carolina.
Professor Coe concluded that there are no significant archeological
findings in PBA-A relating to the aboriginal occupation of the State.
He commented that the area could possibly contain a sunken shipwreck;
however, there is no record of a shipwreck in PBA-A. With respect
to PBA-B, Professor Coe remarked that this area could conceivably
contain buried prehistoric remains of some interest, but that they
would probably be small and individually unimportant. He requested
that the Research Laboratories of Anthropology, UNC, be given an
opportunity to inspect the site during the course of proposed con-
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ABSTRACT

The problems of environmental assessment are Initially discussed on a
broad scale to illustrate the need for a multidisciplinary approach
The emphasis then shifts to the marine science aspect of the problem
Based on experience in assessing the aftermath of oil spills and es-'
tablishing so-called 'baselines', a problem oriented cause and effect
is proposed. This should provide data to be used in a predictive
capacity for future assessments.

Environmental impact assessment has become a very popular topic of
late - and so it should be. Why, it is keeping large numbers of
biologists employed; it is being used by those who wish to halt de
velopment whether it be industrial, or recreational; it is being used
by polititlons to obtain voter support; it is being used by lawyers to
promote their cause and thus make a living; it is being used by regu
latory and law enforcement agencies to regulate activity. In short,
everyone seems to have found a respectable phrase to further their own
ends, while this popularity seems to be necessary for funding to con
duct environmental research, it also results in large scale wastage
of funds in these selfish interests. Let us hope for a return to
sanity so that the limited resources may be used to assess the quality
of the environment; to define areas of real as opposed to selfish and/
or political concern; and to act to prevent irrlversible distruction.

Environmental Impact Assessment, particularily in coastal areas is a
many faceted problem and Dy and large requires a team of personnel from
different disciplines. One of the problems in mitigating undesirable
factors is often the unwillingness and/or inability of a plaintive to
define the problem. This is often because the real objection is not a
popular or accepted cause, may cause enbarassment to the individual who
defines the cause, or is not worth dollars. I hate to keep returning
to the dollar sign but the free enterprise system has found these
dollars attached to the environment and demands its share.

Let me illustrate the complexity of this multisided problem with lack
of definition. In the weeks after January 28, 1969, the spillage of
crude oil in the Santa Barbara Channel Jolted the largest industrial
nation in the world into facing the problem of environmental pollution
in a way that no other single event has. True prior to this time both
State and Federal Governments in the United States supported both re
search and regulatory efforts in fields of Industrial pollution. How
ever, levels of pollution were so high in areas such as Los Angles
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Harbor that whole areas were devoid of biota (1) and that there was
virtually no marine fouling problem. These environmental efforts also
concentrated on direct toxicity of effluents to organisms living in the
environment. The Santa Barbara oil spill changed this in the United
States. Prior to this, following the oiling of British beaches by
Kuwait crude oil from the "Torrey Canyon", there had also been recogni
tion of environmental factors other than direct toxicity to marine
organisms in the impact of the oil spill. A large impetus to clean up
the mess was provided by the fact that the area of Cornwall that was
oiled, was largely economically dependant on the summer tourist season.
Many of the toursits in Cornwall in summer 1967 were disappointed that
they could not see oiled shores!

Problems that were recognized after th spill in the Santa Barbara
Channel - also a tourist area - included disruption of recreational and
fishing activities as well as possible detrimental effects to the
marine biota. Disruption of recreational activities included swimming
and boating. Santa Barbara Harbor was closed because of the oil.
Fishermen found that their nets became oiled as they either raised or
lowered them, thus contaminating the fish. The sight and smell of the
oil offended all. The citizens were convinced that the beautiful
Santa Barbara Channel would be asthetically ruined and the rich biota
would be destroyed - it would become a "biological desert" in the
words of the media.

Biological studies after the oil spill indicated mortality in several
groups of animals - birds, upper intertidal barnacles, Chthamalus
flssus. and possibly among lower intertidal species such as the
stalked barnacles Polllclples polymerus. the eel grass Phyllospadix,
the algae Ulva and Enteromorpha. However, the greatest fluctuation
among populations of these intertidal species occur due to variations
in natural parameters in the area, including sand movement. Subsequent
surveys of these intertidal populations revealed no detrimental long
term change in the distribution and abundance of species which could be
attributed to the 1969 Santa Barbara Oil Spill (2). This is certainly
not the predicted effects in 1969!

No, unfortunately many were not initially willing to state that to
them the adverse effects were: asthetical

inconvenience

economical

fearful

but stated that they would be biological and/or medical in nature.
Happily the first three of these factors are now openly considered. I
doubt that this society will ever deal directly with the individual
fears that are frequently irrational, that are associated with oil
spills. However, largely as a result of the Santa Barbara oil spill
the environment is now assessed in a multidisciplinary manner.

It is interesting that at the time of the Santa Barbara oil spill sew
age treatment works were overloaded and beaches in the Santa Barbara
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Channel were closed because of high coliform counts -a far greater
health hazzard to humans than the oil spill. However, this did not
attract as much public concern as did the volume of oil. It was not
visible. The visibility of crude and heavy oils after an oil spill
has possibly been responsible for more awakening of public awareness
to environmental problems than the photographs of those deformed by
Minamoto disease..

Now that we have this public awareness we need the information required
to make the environmental assessments. As stated before, this demands
a multidisciplinary approach. A large amount of imput into the final
assessment a decision making must be provided by the marine scientists.
Finally it is about time that the marine scientists like everyone else
reduce the mendacity involved in their profession. How many times
does one hear that X's discipline or groups is the only one that can
solve the problem? True, many of the truly exceptional and competent
scientists will provide much more of the information needed to solve
the problem but in most of these cases the scientist hasn't considered
the alternatives and/or needs the money.

Having stated that, I would now like to discuss some of the environ
mental assessment programs I have been envolved with, try to point out
why certain actions were taken, to point out what has been learned, and
finally present an approach which hopefully can be amalgamated with the
ideas of others who have experience with similar and dissimilar
situations.

Let us first return to the Santa Barbara oil spill. Iwas project
director for the Allan Hancock Foundation Study. Western Oil and Gas
Association said '.'Tell us what we have and have not done?"

This was the first attempt to answer such an open-ended question. The
Allan Hancock Foundation attempted to answer this question through a
team of scientists who investigated different aspects of the problem
v3). A previous team from the Allan Hancock Foundation had conducted
a study of the mainland shelf in Southern California using concurrent
stations (4). In the 1969 study scientists chose their own stations.
Their decisions were based on available background data, as well as
the believed oil distribution. The study was also planned to consider
all sections of the environment that were not being considered by other
investigators in Southern California.

Before I comment on this study, I wish to state that our results are
valid. However, with some changes in the approach I believe that the
information content would have been increased and would have provided
more definitive cause and effect relationships. For example, there is
no reliable data available on the distribution and dosage of the oil
in relation to the biological samples. I now believe the program of the
same dollar value would have benefited from more measurement of
chemical and physical parameters and less measurement of biological
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parameters but with all three parameters measured co-incidently. While
no final report has been released from the GURC study in the Louisiana
oil patch, I suspect that more emphasis on this type of approach would
have significantly increased the information yielded for the same
dollar value.

The present availability of computer programs to handle this type of
analyses have been conducted in the field of terrestrial ecology (5),
they had not been applied in a problem oriented approach in marine
ecology in 1969. They were probably first used in environmental assess
ment work in 1972 when they were used to demonstrate the effects of
thermal discharge on the surrounding intertidal areas (6).

There are two types of environmental assessment - one to determine the
state of the environment and possibly predict changes caused by de
velopment, the second to determine the impact often an event such as an
oil spill. If regulation proceeds in an orderly manner, the first type
of assessment has now been conducted and can be used as a basis for the
second type of assessment.

In either way, a problem oriented cause and effect approach must be
adopted. We do not have the manpower, funds or time to study every
inch of the coastline. Therefore, biological data must be collected
in relation to physical and chemical parameters so that data can be
used in a predictive capacity for those areas that are not selected as
survey sites. For example, survey sites should be selected to account
for all natural and man-made physical and chemical variables operating
in an area.

In the last few years I have had the opportunity to test this approach
in several very different areas in the world. I would now like to
,discuss some of these efforts so that you can better gauge the success
or otherwise of these efforts. I might add that most of the work I
shall be discussing is at this time incomplete. Most of this is also
work conducted in the intertidal zone - it is much easier to test this
approach when one can see the area!

The first opportunity to test this was a study conducted in intertidal
areas in Estero Bay in California prior to the construction of an off
shore oil terminal. (The construction project has been shelved at
least temporarily for now). A total of 20 intertidal sites were
selected to account for all possible physical and chemical variables
whether natural or man-made, in the area. These included:

Substrate - rock or sand
natural rock man-made boulder

platforms breakwaters

Intertidal slope - long gradual intertidal slope or short
steep intertidal slope
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Salinity

Area coverage

Oil spill trajectory

Construction disturbance

Oil spill cleanup

Present SOCAL operations

Sewage outfall

Thermal outfall

Public usage of beaches -
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long contiguous similar substrate or
isolated substrate

areas exposed to seawater or those
exposed to fresh water run off

sites from north to south of the study
area

particular attention to sites predicted
to be most effected by spillage

areas which will be temporarily dis
turbed during construction

areas where it is proposed oil would
be boomed in event of spillage

areas that could be exposed to any
effluent from present operation

areas that could be exposed to any
effluent from present operation

areas that could be exposed to any
effluent from present operation

areas presently heavily or lightly
used for public recreation

The study was conducted on abiannual basis over an eighteen month
f^ftl A biannual sampling program was Instigated rather than the
traditional quaterly sampling program because an examination of the
water temperatures and oceanography in the area suggested that there
was a well defined sunnier and winter with transition periods between.

The parameters measured in addition to collection of biological
samples Included: Temperature air

water

substrate
salinity
beach profile
sediment size

plant material content
Presence of tar

to® Pframeter not measured and which probably should be considered In
subtidal and/or areas such as thick rocky ccnrnunities is sulphice con
tent.

120



Dale Straughan 6

Through a detailed study such as this, it should be possible to define
the parameters under which different species will live. If one can
predict the normal conrnunity under a given set of natural parameters.
the absence or change in structure of this community under the same
set of natural parameters with the addition of a source of pollution
strongly suggests the effects of this source of pollution. Similar
studies have been conducted on sandy beach areas south of Point
Conception with the aim of testing this approach. At the moment, it
is important to determine if the community limiting factors cad be de
fined with sufficient accuracy for this approach. Preliminary attempts
at such definition using fewer variables, namely intertidal height and
sediment size, has provided some definition for species on beaches in
the Los Angeles Harbor area (7). This approach is currently being ex
panded to all except the planktonic and nektonic segments of the marine
ecosystem In King Harbor to determine the effects of Southern California
Edison's operations in the Redondo Beach area (8). This Is a much more
complex problem than the Estero Bay situation because of all the man-
made imput from this heavily populated area of Santa Monica Bay.

Early in 1975, I had the opportunity to test this approach after the
spill of light Arabian crude oil from the vessel Metula in the Straits
of Magellan (9). Here, site selection in the intertidal area was based
on graded dosages of oil and attempts to account for all other similar
physical and chemical variables in both oiled and non-oiled areas.
Each site was defined in as detailed a manner as possible. At each site,
quadrat were selected and defined, to account for these variables.
These included: intertidal height

beach slope
sediment size
presence of kelp
oil content

state of oil present (day, mousse, sheen, etc.)
Each quadrat was then sampled to determined living species present,
dead species present, signs of recently present species. This data was
related to the physical and chemical data to reveal some interesting
results which contrast to an initial overall study of the area (10)
which suggested that the environmental Impact of this oil spill was
relatively insignificant. This first study was conducted a month after
the oil spill by Dr. J. Baker and due to time limitations is an over
view of the problem. She did not have time to study the relationships
studied in January, 1975. Differences may also be due to the age old
question of "when to count the dead bodies." However, one of the
points made in the initial study involved the concept that because of
the coarse nature of most of the substrates, the areas influenced by
the oil probably contained very few organisms to be killed by the oil.
The data collected in January, 1975 suggests that this was not so and
that the heavily oiled low intertidal flats of the First Narrows probably
had a far richer biota than initially predicted- While the area is
somewhat cobbled, the cobbles frequently bear epifauna such as mussels,
while the firmer sediments between the cobbles contain a variety of
polychaetes and crustaceans. These conclusions were reached after
analysis of sediments of similar oiled and unoiled areas and comparison
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of the biota.

Let me touch on one other factor - an adequate sampling technique. Too
frequently it is assumed that a pollutant is evenly distributed in an
area and data based on one or two samples. I have already discussed
the variability of exposure in natural oil seep areas in a previous
report (11). In the study in the straits of Magellan I was again able
to demonstrate this In a lightly oiled area. A quadrat («v9m x 9m) in
the upper Intertidal zone bore two separate tar deposits obviously
stranded on different high tides. Samples from each of the strandings
plus a sample where there was no visible oil revealed up to 1155 oil
where the tar was stranded, but no oil where no tar was visible.

Likewise sulphide samples from subtidal benthic quadrats in King Harbor
in southern California show a difference between surface sediments and
sediments at a depth of 5 cms. There is also variability between 5
replicates at the same depth within a quadrat. However, the between
quadrat variation when the surface and deep samples are separated, Is
greater than the within quadrat variation. For example, one quadrat
had readings of 0 to 40AM at the surface and 4.0 to 132/O-M at the
bottom while in a nearby quadrat the surface readings were 14 to 56>-M
and the bottom readings were 182 to 26l/*M.

This same project has also demonstrated the Importance of testing ade
quate sample size for biological sampling. Six samples were collected
in a quadrat and species number/sample and species diversity/sample
curves constructed. The asymtope of the curve was at 3 suggesting that
3 was an adequate sample. Fourteen of a total of eighteen species were
recorded in 3 samples. However, the same quadrat was resurveyed and 20
samples collected. The total number of species collected was 34. There
was a very well defined asymtope to the curve at sample 13. Thirty
species were recorded in the 13 samples. The species diversity was
also stable after 13 samples were collected while it still was variable
after three samples were collected (8). Similar techniques have been
used in establishing baselines in deeper water in the area of the
Ekofisk Project in the North Sea (12).

The determination of sample size must be based on empirical data ob
tained by field sampling. It cannot be done from an administrative
desk without this field data. Lack of adequate samples can be a complete
waste of time and money because the conclusions may be worthless.

To summarize: Such studies should be conducted in a way to establish
a cause and effect relationship between biological physical, and
chemical parameters so that the data cannot only be used to solve the
current problem but may be used either alone or in conjunction with
other data in a predictive capacity.

Such studies need to define adequate sampling of all parameters in
cluding individual samples and an adequate sampling of replicates for
biological, physical, and chemical parameters.
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To obtain these close relationships all parameters need to be measured
simultaneously at the same spot. This could frequently involve splitt
ing of samples. Without this procedure and with the natural variability
or parameters, the relationships shown by data could be false.
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